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Preface

This book is an attempt to bridge the interface between referring clinicians and radiol-
ogists when faced with a patient suspected of having a complex or unusual abdominal
condition. The emphasis is on the choice of imaging procedures, expected diagnostic
yield, a discussion of pertinent imaging findings, and the possible differential diagno-
sis. The rapid proliferation of imaging techniques provides a bewildering array of
choices to the referring physician. Thus when faced with a suspected biliary abnormality,
should one suggest traditional endoscopic retrograde cholangiography, or is noninva-
sive and noncontrast magnetic resonance (MR) cholangiography or even contrast-aided
computed tomography (CT) cholangiography more appropriate? What is the role of CT
virtual colonoscopy? Is it limited to colon cancer screening or does it have a role in cancer
staging?

This book discusses imaging topics of those structures that fall in the purview of the
gastroenterologist, urologist, general surgeon, and related specialist. The anatomic limits
of the abdomen are somewhat stretched to include the esophagus superiorly, and the
aorta, inferior vena cava, and adjacent structures posteriorly. The emphasis is on new
imaging findings and innovations. This book also discusses the clinical aspects of a
disease needed to formulate a rational diagnostic approach, but basic research, results
of animal studies, and imaging research are not discussed as they are not pertinent to
clinical medicine. Because of space limitations, fetal imaging and choosing a contrast
agent are not discussed. Also, laboratory findings and therapeutic options are not dis-
cussed, except for those having a bearing on subsequent diagnostic studies.

This book is intended to be used as a reference for the atypical and unique presenta-
tion and newer diagnostic imaging modalities. Publications of unusual clinical and
imaging finding are accentuated, and common imaging studies of common disorders are
only mentioned in passing, if they are applicable.

Traditionally, radiology texts have used a pathologically oriented outline. Subse-
quently it became the custom to discuss disorders from an imaging point of view. An
attempt is made here to integrate clinical presentation with pertinent radiologic findings.
The material is organized primarily along anatomic organ systems, with some excep-
tions. For instance, disorders of the adnexa involve the peritoneal cavity, but they are
closely related to the female genital tract and thus are included in Chapter 12, Female
Reproductive Organs, rather than the peritoneum chapter. Within each organ system the
material is subdivided further along broad disorder categories, such as congenital,
inflammation, tumors, etc., but a pragmatic clinical approach is adopted. For example, a
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PREFACE

history of trauma is usually known and thus imaging findings associated with acute
trauma are discussed in separate sections.

It has been said that “to steal from one author is plagiarism, if you steal from many,
it’s research” (1). With that definition in mind, this work, I hope, is research. The refer-
ences are rather wide-ranging, but to make the text more readable the number of refer-
ences is deliberately kept low and information that has diffused in the medical
community is not referenced further. The cited references serve both as an acknowl-
edgment to the original authors and as a guide to a more in-depth source on a particu-
lar topic.

An abbreviated format has been adopted in presenting published studies. Emphasis
is on sensitivity and specificity (or false-positive rate), realizing that these provide an
incomplete picture. Where applicable, the measurements given include a standard devi-
ation. To maintain brevity, little additional statistical analysis is provided.

It is assumed that the reader has basic knowledge of abdominal imaging. The techni-
cal details about performing and interpreting various imaging modalities are omitted
except when pertinent to new techniques and applications. Thus a statement such as 

Tc99m-DTPA scintigraphy and color duplex US . . . could reliably differentiate
minimal and not perfused renal allografts . . .

omits that scintigraphy consisted of analogue scans up to 60 minutes postinjection and
that time-activity curves over the first 60 seconds after injection of 370 to 440 MBq of
technetium-99m-diethylenetriaminepentaacetic acid are obtained and classified by a
perfusion score, the time between renal and iliac artery peaks and washout of the
renogram curve; similarly, not mentioned is that color duplex ultrasonography (US) con-
sists of a perfusion study in all sections of the graft and vascular anastomoses by color-
coded duplex sonography and that maximal blood flow velocity and resistive index in
the renal artery are determined by a pulsed Doppler device. Most of these details are
intuitive to the specialist performing such a test.

To avoid repetition, the more common imaging findings are not repeated for each
imaging modality. Thus if a lesion contains fat, it is stated as such; it is not stated that
this fat is hypodense with CT, hyperechoic with US, or hyperintense with T1-weighted
MR sequences. The exception is if a specific imaging appearance is unique.

Indications for magnetic resonance imaging (MRI) are still evolving. In addition, as
new imaging technology becomes available the imaging modality recommended for a
particular application today may not be optimal tomorrow. Thus multislice helical CT
techniques continue to expand application of CT angiography and interventional pro-
cedures, possibly at the expense of further rapid growth of MRI.

Numerous individuals contributed images to this book and their effort is gratefully
acknowledged. Over the years many ex-residents have provided me with interesting
studies from their daily practices and these are acknowledged. A special thanks goes to
Jolanta Galdikaite, an illustrator in Kaunas, Lithuania, for the line drawings.

Jovitas Skucas, MD

Reference
1. Attributed to the Hollywood ne’er-do-well Wilson Mizner (1876–1933). Quoted in Green J. Chasing the Sun:

Dictionary Makers and the Dictionaries They Make. New York: Henry Holt, 1996:19.
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Terminology

The term tumor is used in a broad sense for a focal growth, be it inflammatory, devel-
opmental, or neoplastic in nature. In solid organ chapters tumor is used synonymously
with nodule.

A number of terms are in general use to describe computed tomography (CT), ultra-
sonography (US), and magnetic resonance (MR) imaging findings. Although the syn-
onyms listed are self-evident to radiologists, they tend to be confusing to clinicians. For
consistency, the following terminology is adopted:

Adopted Terms1 Synonyms
CT2:

Hypodense Hypoattenuating, low attenuation, low opacity
Isodense Isoattenuating
Hyperdense Hyperattenuating, high attenuation, high opacity

US:
Hypoechoic Hypogenic, hypoechogenic, echopenic, sonolucent
Isoechoic Isogenic
Hyperechoic Hypergenic, echogenic

MR2,3:
Hypointense Low signal intensity
Isointense Intermediate signal intensity
Hyperintense High signal intensity

1 Density, echogenicity, and intensity are usually expressed in reference to an assumed internal standard, gen-
erally normal adjacent tissue parenchyma.
2 CT and MR precontrast and postcontrast appearances of a lesion varies. Also, the early postcontrast appear-
ance (arterial phase) often differs from that seen on delayed images (venous phase or even later).
3 MR findings vary depending whether T1- or T2-weighted sequences are imaged and on imaging parameters
used. To avoid confusion, these MR terms are applied only to precontrast images. The terms hypo- and hyper-
vascular are used to describe tissue appearance after intravenous contrast injection. The term contrast agent
has a different meaning in MR than usually applied to barium sulfate or the iodinated agents used in angio-
graphy and CT. MR contrast agents are not visualized directly; rather, their usefulness is based on their ability
to change water proton relaxation times.
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Technique
Dynamic Recording
Videopharyngography, also called modified
barium swallow, is an established technique pro-
viding dynamic recording in evaluating degluti-
tion. Continuous image detection rather than
pulsed fluoroscopy is preferred because tran-
sient laryngeal penetration is more difficult to
detect with the latter.

Esophageal videofluoroscopy (videoesopha-
gography) is preferred by some radiologists to
evaluate esophageal tonicity and peristalsis,
while most simply rely on fluoroscopic observa-
tion. Especially in a search for subtle peristaltic
abnormalities, a recumbent patient position is
preferred to eliminate gravity. Manometry and
esophageal videofluoroscopy agreed 100% in a
setting of normal esophageal function, in 90%
for nonspecific motility disorders, 100% in
diffuse esophageal spasm, and 90% in achalasia,
but only in 50% for a “nutcracker” esophagus
(1).

A computer program can quantify
esophageal wall motion using data obtained
from an esophagogram, but whether such infor-
mation is of clinical relevance remains to be
established.

Speech therapists and some radiologists
prefer a lateral view when evaluating swallow-
ing. Nevertheless, a frontal view has much to
offer during the pharyngeal phase. In experi-
enced hands, laryngeal penetration is just as

readily detected in a frontal position and, in
addition, right- and left-sided pharyngeal
muscle function can be compared to each other.
Oblique views are of occasional value.

High-speed magnetic resonance imaging
(MRI) also evaluates dynamic deglutition (MR
pharyngography), but clinical application of this
technique is still evolving.

Barium Studies
Barium sulfate is the preferred contrast agent
for intraluminal esophageal studies. Contro-
versy exists, however, in a setting of a suspected
leak, with some radiologists, especially in
Europe, preferring water-soluble contrast 
(discussed below; see Trauma).

A barium-rice mixture, mixed in equal 
proportions, has been proposed to evaluate
esophageal motility disorders; a normal esoph-
ageal transit time for such a mixture is between
5 and 15 seconds. In patients with esophageal
motility disorders, this simple and low-cost
technique yields a transit time outside of these
limits in over half (2). Nevertheless, it is not
often employed and dynamic recording using
various consistency barium products is more in
vogue.

Children presenting with dysphagia are
readily evaluated with an esophagram.

A 11.5-mm barium tablet is commercially
available. It serves no useful purpose in the face
of an obvious stricture but is useful in detecting
a subtle esophageal narrowing. The tablet is

1
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designed to dissolve and thus is retained only
temporarily proximal to a stricture. Normally
the barium tablet should pass into the stomach
within 20 seconds when using a standardized
45-degree incline position and ingesting 60 cc 
of water after swallowing the tablet; failure of
tablet passage under these conditions sug-
gests a persistent narrowing. These conclusions 
do not apply to a patient in a horizontal 
position.

A barium tablet has been used to screen for
occult esophageal lesions during routine chest
radiography but is rarely practiced today. A
chewed barium tablet, barium-impregnated
marshmallow bolus, and similar contrast have
been largely supplanted by standardized meals
in evaluating oral and pharyngeal dysfunction.

Computed Tomography
A low-density, high-viscosity barium paste
ingested just before computed tomography 
(CT) scanning aids in outlining the esophageal
lumen.A negative oral contrast agent, consisting
of a vanilla-flavored paraffin emulsion, has been
used during helical CT to evaluate chemother-
apy of esophageal cancer (3) but is not widely
employed.

Sufficiently rapid image acquisition of a
region in question during a single breath-hold
is feasible with multislice helical CT, allowing
two-dimensional (2D) and 3D reconstructions.

Ultrasonography
The thyroid gland acts as an acoustic window of
the cervical portion of the esophagus. The left
liver lobe provides an acoustic window for study
of reflux and the gastroesophageal junction.

Gray-scale ultrasonography (US) has been
used to investigate oral motor function in chil-
dren with neurologic impairment (4). Its full
role is yet to be established.

Endoscopic US (endosonography), using a
high-resolution 20 MHz transducer, has the
potential of becoming the most important
imaging modality in esophageal cancer staging
and evaluating other intramural lesions. Tumor
extension to regional nodes can be detected.
The current trend is that endosonography
influences patient management, often toward
less costly, less risky, and less invasive proce-
dures. Endoluminal US data can provide 3D

images, potentially aiding staging, but this tech-
nique is too new to draw conclusions.

Fine-needle aspiration biopsy using endo-
scopic US guidance is feasible.

Magnetic Resonance Imaging
Of all gastrointestinal structures, the esophagus
is most prone to respiratory and cardiac motion
artifacts. Cardiac-gated techniques are not often
used because of the prolonged sequences.

Most radiologists do not opacify the esopha-
gus during MR imaging.

Scintigraphy
Use of esophageal transit scintigraphy varies
considerably among institutions and countries.
Whether its diagnostic value approaches that 
of a barium study or manometry is debatable.
The current indications for its use are when
esophageal manometry is unavailable, when the
patient cannot tolerate manometry, when there
is clinical suspicion of a motility disorder but
the manometry is equivocal, and when a serial
response to therapy is desired.

Manometry
Esophageal manometry often serves as a 
gold standard when evaluating other imag-
ing modalities for detecting and classifying
esophageal motility abnormalities. Correlation
with eventual clinical diagnoses, however, shows
that it is an imperfect gold standard. Although
temporal measures of intraluminal pressure 
at various sites in the esophagus, including 
the gastroesophageal junction, translate into
esophageal tonicity and peristalsis values, many
esophageal motility disorders have overlapping
findings, and manometry is often simply
reported as “nonspecific” or “compatible with”
a certain disorder. These findings are, of
course, not unique to manometry, and other
dynamic imaging modalities also have similar
limitations.

Manometry is not complication free. Thus
esophageal perforation occurred in a patient
during manometry, mediastinitis and bilateral
pleural effusions developed, a distal esophageal
perforation was detected, and an esophagec-
tomy and gastric pull-through performed (5),
but the patient died.
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Congenital Abnormalities
Duplication
An esophageal duplication, which is a foregut
cyst, is the least common of all esophageal con-
genital abnormalities. Complete duplication is
rare; some of these abnormalities are also asso-
ciated with gastric duplication. Some duplica-
tions communicate with the esophageal lumen,
although most do not. With a high superior
communication they mimic a branchial pouch
fistula. Some lie between the esophagus and
trachea or extend into the mediastinum anteri-
orly. A rare one is intraabdominal in location.

Duplications are often incidental findings,
although being lined by alimentary tract
mucosa, they can ulcerate. Hemorrhage or
secretions increase their size, with the larger
ones then obstructing pulmonary vessels or a
bronchus. In the very young they are prone to
obstruct the esophageal lumen. Similar to other
gut duplications, a rare adenocarcinoma and a
leiomyosarcoma have developed in these dupli-
cations involved all layers and pleural surface.

Conventional radiography or a contrast study
reveals an extrinsic or intramural mass adjacent
to the esophageal lumen, most often in the lower
third of the esophagus. Computed tomography
and MRI confirm their cystic nature. They
appear as sharply marginated, fluid-filled oval
or spherical tumors (Fig. 1.1). Endoscopic US of
one cyst showed contiguity of the esophageal
muscularis propria with cyst wall muscle layers
(6).

A typical duplication is hypointense on 
T1- and hyperintense on T2-weighted images,
although the T2 signal varies depending on cyst
protein content. Postcontrast the cyst wall
enhances to varying degree; marked enhance-
ment should suggest either inflammation or
presence of gastric mucosa.

A rare cancer develops in a foregut cyst.
2-[18F]-fluoro-deoxy-D-glucose (FDG) pos-
itron emission tomography (PET) of a 
foregut cyst adenocarcinoma revealed numer-
ous hypermetabolic regions consistent with
metastases (7).

Bronchogenic Cyst
Bronchogenic cysts are congenital malforma-
tions having an epithelial lining. They occur

either in the lung or in the mediastinum. When
located adjacent to the esophagus they appear
to arise from the wall of the esophagus, result 
in dysphagia, and mimic an esophageal dupli-
cation (8). Histologically, both have ciliated
epithelium; however, esophageal duplications
have two smooth-muscle layers and lack carti-
lage. Some authors classify both simply as
foregut cysts.

Short Esophagus/Congenital
Esophageal Stenosis
Most congenital strictures in infants are
smooth, elongated, and associated with eso-
phageal foreshortening. In an infant the con-
genital nature of such a stricture is generally
suspected; in older individuals differentiation
from complications of reflux esophagitis is
problematic.

Multiple ringlike constrictions in the upper
or mid-esophagus are occasionally found in
young adults with long-standing dysphagia 
(9); such an appearance is believed to repre-
sent residual congenital esophageal stenosis,
although a Barrett’s esophagus is in the 
differential.

Atresia/Tracheoesophageal Fistula
Failure of foregut differentiation results in
specific tracheoesophageal anomalies. Most

Figure 1.1. Esophageal duplication. Computed tomography
(CT) reveals a cyst (arrow) adjacent to the distal esophagus. It
did not communicate with the esophageal lumen. (Courtesy of
Temil Tirkes, M.D., University of Pennsylvania.)
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investigators classify these foregut malforma-
tions into five types. The nomenclature used
varies and it is thus best to describe the actual
defect present (Fig. 1.2). Gas in the stomach
implies a communication with the tracheo-
bronchial tree. Some H-type fistulas are rela-

tively asymptomatic during infancy and mani-
fest only later in life.

Almost two thirds of neonates with these
anomalies also have other defects, with the 
most common being a cardiac defect, followed
by skeletal, neurologic, and renal disorders.

Figure 1.2. Classification of tracheoesophageal fistulas. A: The most common is a proximal esophageal atresia with a distal lateral
fistula. B: Isolated esophageal atresia. C: H-type fistula. D: Esophageal atresia with both proximal and distal tracheoesophageal
fistulas. E: Distal esophageal atresia and proximal fistula.

A B
C

D E



7

ESOPHAGUS

Some have a complex bronchopulmonary
foregut malformation, including sequestration
and duplication. At times the esophageal pouch
contains heterotopic pancreatic tissue. One
newborn with an esophageal lung (a rare type
of communicating bronchopulmonary foregut
malformation) also had esophageal atresia, a
tracheoesophageal fistula, duodenal stenosis, an
annular pancreas, imperforate anus, vertebral
anomalies, and ambiguous genitalia (10). In one
infant an upper pouch reached 1.5 cm below the
tracheal carina while the distal esophagus con-
nected to the trachea 2 cm above the carina, thus
also forming a partial esophageal duplication
(11); the upper pouch contained heterotopic
pancreatic tissue. Rarely, the distal esophagus
connects with a lower lobe bronchus, with the
involved lung having a systemic arterial blood
supply (12).

An increased prevalence of foregut mal-
formations is found in Down syndrome. An
association exists between esophageal atresia/
tracheoesophageal fistula and congenital 
distal esophageal stenosis. Complicating the
issue are the more common acquired post-
operative esophageal strictures. Congenital
esophageal stenoses tend to be relatively long,
smooth, and circumferential and located at the
mid-to-distal esophagus, with a normal caliber
superiorly and inferiorly; postoperative stric-
tures, on the other hand, tend to be more focal
(Fig. 1.3).

The procedure of choice to evaluate neonates
with congenital tracheoesophageal atresia and
fistulas is contrast radiography. The role of 3D
CT and virtual bronchoscopy is not established,
although they appear accurate in defining
esophageal atresia and fistulas (13). Small tra-
cheoesophageal fistulas are difficult to detect.
Most involve the proximal one third of the
esophagus and extend superiorly before com-
municating with the trachea. A double balloon
catheter has been proposed as an aid to evalu-
ate subtle H-type fistulas (14).

Postoperative anastomotic complications in-
clude symptomatic stricture, leakage, and recur-
rent fistula; gastroesophageal reflux is found in
over half of these infants, and postoperative
esophageal dysmotility is common. Postopera-
tive extrapleural fluid collections in neonates
after esophageal atresia repair using an
extrapleural surgical approach suggest an anas-
tomotic leak (15); chest radiographs reveal these

effusions to be similar in appearance to pleural
effusions.

Vascular Anomalies
Embryologically, the great vessels develop from
six fetal vascular arches. A normal aorta devel-
ops from the fourth arch and pulmonary artery
and ductus arteriosus from the sixth. The 
specific vascular anomaly present depends on
the vascular arch remnant; radiologists usually 
subdivide them based on their radiologic
appearance.

Imaging should suggest the type of anomaly
present, although at times angiography is nec-
essary to outline the full extent of an anomaly.

Posterior Esophageal Impressions

This is the most common vascular anomaly in
this region and is caused by an aberrant right
subclavian artery posterior to the esophagus,
with an occasional one being between the
trachea and esophagus. Similar but reversed
finding is found with a right aortic arch and an
aberrant left subclavian artery.

Figure 1.3. Residual deformity in mid-esophagus from a tra-
cheoesophageal fistula repair as a child.
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Most patients are asymptomatic and it is not
uncommon to first detect this anomaly in an
adult as an incidental finding. A minority
develop dysphagia due to secondary esop-
hageal compression, a condition known 
as dysphagia lusoria. Occasionally dysphagia
lusoria first develops in adulthood and is severe
enough to result in poor oral intake and weight
loss.

An esophagram is diagnostic; in a frontal
position the aberrant artery indents the esoph-
agus from the level of the aortic arch superiorly
and to the right, while in a lateral position 
this indentation is typically posterior to the
esophagus.Aortography and CT are superfluous 
for diagnosis, although useful to define the
underlying anatomy if surgical correction is
contemplated.

A rare aberrant right subclavian artery
aneurysm has eroded into the esophagus.

Posterior Esophageal and Anterior 
Tracheal Impressions

A vascular ring consists either of a double aortic
arch or a right arch together with an aberrant
left subclavian artery. A high prevalence of an
aberrant left subclavian artery is found in
patients with a right aortic arch. The proximal
end of the aberrant left subclavian artery,
located in the posterior tracheoesophageal
space, appears as a diverticular-like aortic out-
pouching. Magnetic resonance imaging best
defines the relationship between involved struc-
tures. Esophageal compression and tracheal dis-
placement account for some of the wheezing
and dysphagia in these patients.

A barium esophagogram should identify a
right aortic arch deformity and suggest an aber-
rant left subclavian artery but will not detect a
vascular outpouching. In symptomatic individ-
uals, the ready availability and low cost of a
barium esophagogram make it an ideal screen-
ing study.

Anterior Esophageal and Posterior 
Tracheal Impressions

Abnormal sixth arch development leads to left
pulmonary artery originating from the right.
Respiratory difficulties predominate in these
infants. Either CT or MRI should identify the
vascular nature of this anomaly.

Trauma
Blunt trauma is an uncommon cause of esoph-
ageal injury. Cardiovascular and lung trauma
tend to predominate with a severe injury. Rarely,
iatrogenic esophageal injury results from resus-
citative measures, at times unsuspected because
of minor initial trauma.

An esophageal injury classification scale,
devised by the American Association for the
Surgery of Trauma, is outlined in Table 1.1.

Hematoma
Although a hematoma is included here under
the heading of trauma, it should be kept in 
mind that some hematomas are spontaneous in
origin, especially in patients on anticoagulation
therapy. The patient presents with acute chest
pain, dysphagia if the hematoma compresses 
the esophageal lumen, or hematemesis. Pain in
some patients is severe enough to suggest 
spontaneous esophageal rupture (Boerhaave
syndrome), an aortic dissection, or acute
myocardial infarction.

Some hematomas are huge. A contrast
esophagram identifies a smooth or serpiginous
intramural tumor (Fig. 1.4). In a still bleeding
patient, postcontrast CT reveals extravasation
into the hematoma; otherwise, CT simply de-
tects a well-marginated, elongated intramural
tumor, initially having an attenuation higher
than that of blood.

A contrast study of a hematoma communi-
cating with the esophageal lumen has an
appearance similar to an intramural diverticu-
lum; with healing, the hematoma pocket should
gradually disappear. A similar imaging appear-
ance is seen with an intramural abscess that
drains spontaneously into the lumen.

Table 1.1. Surgical Esophageal Injury Scale

Grade* Type of injury

I Contusion or hematoma
Partial thickness laceration

II Laceration £50% circumference
III Laceration >50% circumference
IV Segmental loss or devascularization £2 cm
V Segmental loss or devascularization >2 cm

* Advanced one grade for multiple injuries, up to grade III.
Modified from Moore et al. (16).
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Most esophageal hematomas resolve with
conservative therapy.

Perforation
Clinical

Table 1.2 lists underlying conditions associated
with esophageal perforation or fistula. Sudden
compression or stretching against an adjacent
bony segment account for some perforations
during blunt trauma. An occasional cervical
spine bony fragment perforates the esophagus.

The most distal esophageal segment is normally
intraabdominal in location, and a perforation
here results in a pneumoperitoneum or peri-
tonitis rather than mediastinitis.

Blind attempts to pass a nasogastric tube
have led to pharyngeal perforation or a perfo-
ration through a Zenker’s diverticulum. In new-
borns, a contrast study through a perforating
tube superficially mimics esophageal atresia.

Pain and fever after esophageal instrumenta-
tion suggest a perforation, and such a scenario
is not an uncommon indication for a prompt
esophagram request. The choice of contrast
agent to be used is controversial, with junior
radiologists leaning toward water-soluble con-
trast agents while more senior, experienced
radiologists tend to prefer barium sulfate.
This topic is addressed in more detail below 
(see Imaging).

Although most localized perforations are
managed successfully medically, a more exten-
sive injury requires surgical correction. The
success rate of primary repair is highest if
performed within 24 hours of injury, thus 
the reason for performing an esophagram
promptly.

Spontaneous esophageal perforation without
an underlying abnormality is rare. Patients with
Ehlers-Danlos syndrome are somewhat prone
to spontaneous esophageal rupture.

Mallory-Weiss Tear

Many Mallory-Weiss tears are not in the 
esophagus but occur in a sliding hiatal hernia.
Prior retching or vomiting is common, although
some patients have no antecedent sympto-
matology. The laceration extends through the
mucosa and typically manifests with bleeding,
often massive, but most bleeding stops sponta-
neously. Occasionally, however, even therapeutic
endoscopy cannot control bleeding and surgery
is necessary.

A Mallory-Weiss tear or even perforation has
occurred after ingestion of a colonic lavage
solution. Partial obstruction of the esopha-
gogastric junction appears to predispose to
these tears.

Boerhaave’s Syndrome

Boerhaave’s syndrome, or spontaneous trans-
mural esophageal perforation, generally occurs

Figure 1.4. Esophageal intramural hematoma. The distal
esophagus contains serpiginous folds (arrows) mimicking
varices. These findings cleared on a follow-up study.

Table 1.2. Conditions associated with esophageal
perforation/fistula

Neoplasm
Primary esophageal
Extrinsic neoplasms

Postsurgical/instrumentation
Erosion by tube or stent
After corrosive ingestion
Penetrating or blunt trauma
Chronic infection
Ingested foreign body
Mallory-Weiss tear
Boerhaave syndrome
Ehlers-Danlos syndrome
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in the lower third of the esophagus and extends
into the left pleural space. Right-sided pleural
involvement is less common. This condition 
has been described in the cervical esophagus
(17), but whether such perforation is indeed
Boerhaave’s syndrome depends on how the 
syndrome is defined.

Hematemesis is often the initial presentation,
with an occasional patient presenting with vom-
iting and chest pain. Duodenal obstruction, re-
gardless of cause, is associated with Boerhaave’s
syndrome. A possibility of esophageal perfora-
tion is often overlooked and thus a delay in
diagnosis and therapy for a condition having 
an inherent high mortality and morbidity.
Nevertheless, an occasional patient is treated
medically with satisfactory results.

About 90% of patients with Boerhaave’s syn-
drome have an abnormal chest radiogram (18);
hydropneumothorax was found in 50%, pneu-
momediastinum in 30%, isolated pleural effu-
sion in 25%, and parenchymal infiltrates in 14%.
Computed tomography also identifies these
findings as well as periesophageal mediastinal
fluid.An esophagram using a water-soluble con-
trast agent should identify the site of perfora-
tion and guide surgical therapy (Fig. 1.5). If a
diagnosis is delayed, CT is appropriate to detect
mediastinitis or a mediastinal abscess.

Imaging

The most common abnormality after instru-
mental esophageal perforation is pneumomedi-
astinum, followed by left cardiophrenic angle
obliteration. It should be realized that immedi-
ately after a perforation a chest radiograph is
often normal. In general, a proximal intratho-
racic esophageal perforation is more often asso-
ciated with a right pleural effusion, while a distal
perforation leads to a left pleural effusion.

A contrast esophagram is the study of choice
to detect an acute perforation. Computed
tomography will detect a thickened esophageal
wall and adjacent extraluminal fluid, but
whether it has a role in early detection of a small
leak is questionable.

The choice of contrast agent to be used in a
setting of suspected acute esophageal perfora-
tion is controversial. A water-soluble agent is
used with a suspected acute perforation in the
distal esophagus and possible spill into the peri-
toneal cavity. With a suspected more proximal
esophageal perforation a common approach in
the United States is to start with a water-soluble
agent and switch to barium if a leak is not
identified, a practice not without controversy.
Some radiologists use barium initially for sus-
pected pharyngeal and proximal esophageal
perforations. Granted that barium is retained in
soft tissues, but no convincing evidence sug-
gests additional tissue damage by barium
beyond what is produced by infected saliva.
Similar to the rest of the gastrointestinal tract,
damage produced by an esophageal perforation
is mostly due to leak of infected esophageal
content; additional spill of barium into an
already infected cavity adds little, if any,
damage. Retained barium in soft tissues is of
little consequence aside from possibly hinder-
ing future examinations if large amounts are
spilled. Thus residual barium was detected in
29% of follow-up radiographic studies per-
formed 4 to 48 days after barium esophagrams
identified esophageal leaks in postoperative
patients (19); none of the residual barium inter-
fered with new studies. Barium sulfate in soft
tissues is not carcinogenic.

Classic teaching held that acute spill of
barium sulfate into the peritoneal cavity
resulted in acute barium peritonitis having a
high morbidity and mortality. While undoubt-
edly true a generation or more ago, current

Figure 1.5. Boerhaave’s syndrome. Contrast extravasation
(arrow) is just proximal to a hiatal hernia.
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commercial barium sulfate products have
evolved into considerably safer products induc-
ing less of an inflammatory reaction.

Perforations have been claimed to have been
missed when using a 50% to 100% weight/
volume barium suspension (20,21), which is
counter to other published data (22) and to 
my experience; higher opacity barium has 
more x-ray stopping power and better opacifies
small tracts than iodinated contrast. Subtle 
perforations are more readily identified with
barium.

Many radiologists in Europe routinely use
water-soluble contrast agents for suspected
esophageal perforation. Among these agents,
in Europe low-osmolality contrast media are
usually employed; in the United States a com-
mercial high-osmolality mixture of sodium 
and meglumine diatrizoate (Gastrografin and
related products) is preferred, mostly because 
of its flavoring agents, which make it some-
what palatable to patients. The high-osmolality
agents are contraindicated if spill into lungs is
suspected, in which setting United States radi-
ologists prefer the relatively innocuous barium
sulfate.

My practice is to use water-soluble contrast
agents in a setting of acute trauma if a pos-
sibility of intraperitoneal spill exists. With
trauma (including abdominal surgery) more
than several days old, on the other hand, barium
sulfate is preferred. Thus a fluoroscopic study
requested for suspected perforation several days
after an intraabdominal resection is generally
performed with barium sulfate.

Pediatric radiologists in search of a perfora-
tion tend to use nonionic, water-soluble contrast
agents.

Therapy

Nonoperative therapy in select patients with
thoracic esophageal perforations consists of
antibiotics, nasoesophageal suction, and total
parenteral nutrition. Some of these patients
develop esophageal stenoses.

The surgeon usually inquires about a site of
perforation; perforations of the lower one third
of the intrathoracic esophagus are approached
through a left thoracotomy, while more proxi-
mal perforations are managed through a right
thoracotomy.

A postoperative esophagram establishes eso-
phageal integrity prior to start of oral intake.
Most postsurgical disruptions heal sponta-
neously provided the surgical field is adequately
drained and esophagus is patent distally.

Foreign Bodies
Esophageal foreign bodies range from bezoars,
impacted food, and a penetrating swallowed
bony fragment, to swallowed coins, the latter
mostly in young children. Nonfood esophageal
bezoars are rare. Often these are associated
either with a distal stricture or diffuse spasm. A
rare sharp foreign body such as a bone splinter
perforates sufficiently deep to result in an
esophagoaortic fistula and exsanguination.
Food impaction in the esophagus is quite
common and is often related to a distal stricture
or spasm. At times acute impaction is the first
presentation of an esophageal carcinoma 
(Fig. 1.6).

In an otherwise stable patient, barium is the
preferred contrast agent of choice to detect food
impaction; with the patient upright, the high
specific gravity of barium aids disimpaction.
A number of physical maneuvers have been
employed as an aid to disimpaction, with most
being of dubious value. Spasmolytic drugs have

Figure 1.6. Squamous cell carcinoma. An esophagram reveals
an eccentric infiltrating cancer (arrows).
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been tried in some patients if underlying spasm
is suspected. In a multicenter double-blind
study using glucagon and diazepam, no
significant difference in disimpaction was found
among patients given spasmolytic agents versus
placebo (23). Effervescent agents have been 
used to treat esophageal food impaction, with
varying success.

Computed tomography has evolved into a
reliable technique for detecting small, poorly
calcified esophageal foreign bodies to the 
point that the number of endoscopies for this
indication has decreased. A prospective CT
study of patients with suspected esophageal 
fish or chicken bones detected an esophageal
foreign body in 30, with a foreign body found
during subsequent rigid esophagoscopy in 29
(24). Computed tomography also detects asso-
ciated inflammatory changes in surrounding
tissues.

In pediatric patients some radiologists
remove an esophageal foreign body with a
balloon catheter. This technique is successful
and safe in experienced hands. Of 337 coin
extractions attempted using a Foley catheter,
pediatric radiologists with training in catheter
technique were successful in 96% of patients
(25); no complications were encountered.

Wall Thickening
Infection/Inflammation
Reflux and Reflux Esophagitis

Clinical

Gastroesophageal reflux consists either of
gastric juice or of duodenal content. Reflux
tends to be sporadic and difficult to quantify.
One definition of massive reflux is reflux to or
above the thoracic inlet either spontaneously 
or with provocation while in a recumbent posi-
tion. Reflux is not synonymous with esop-
hagitis; some reflux is associated with little
inflamation.

Nonimaging tests for gastroesophageal reflux
include direct visualization during endoscopy,
the Bernstein acid infusion test and 24-hour
esophageal pH monitoring. It should be kept in
mind that endoscopy evaluates primarily conse-
quences of gastroesophageal reflux rather than
reflux per se. The Bernstein test, currently rarely 
performed, attempts to duplicate a patient’s

symptoms during infusion of a weak hydro-
chloric acid solution into the esophagus.
Esophageal pH monitoring is considered the
gold standard in detecting reflux. Yet results of
24-hour esophageal pH monitoring show that
some patients with endoscopically apparent
esophagitis have normal pH monitoring and
some without esophagitis have abnormal
findings (26).

Gastroesophageal reflux is associated with a
hypotensive lower esophageal sphincter that
allows reflux. At times, however, reflux occurs
even with a hypertensive lower esophageal
sphincter. A direct association exists between
the presence of a hiatal hernia and gastro-
esophageal reflux and esophagitis. Patients with
a large hiatal hernia are more likely to have
abnormal pH monitoring and worse esophagi-
tis than those with a small hiatal hernia.

Heartburn and acid regurgitation are typical
clinical symptoms, but presentations vary, at
times mimicking cardiac disease. Considerable
evidence suggests an association between 
gastroesophageal reflux and asthma. Reflux in
some patients leads to laryngospasm or bron-
chospasm and triggers an asthmatic attack.
Some patients with reflux-associated asthma do
not have symptoms referable to the gastro-
esophageal reflux.

Children with cystic fibrosis have a higher
prevalence of gastroesophageal reflux than
normals. Metachromatic leukodystrophy also
appears to be associated with gastroesophageal
reflux.

Even in children, an esophageal stricture 
secondary to reflux is more common than a 
congenital stricture. Why some patients form
strictures and others do not is not known;
presumably those with prolonged reflux and a
decreased lower esophageal sphincter pres-
sure are more prone to strictures, but that is
conjecture.

Imaging

Reflux is not synonymous with reflux esopha-
gitis. Several hypermotility abnormalities are
found in patients with gastroesophageal reflux:
more premature cricopharyngeus muscle con-
tractions and increased amplitude and dura-
tion of esophageal contractions compared to
controls. Patients with reflux have delayed
esophageal emptying; emptying is impaired
further once esophagitis develops. In adults,
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an experienced fluoroscopist readily detects
most reflux, if present, together with delayed
esophageal emptying during a barium study.

Transabdominal US is used in some centers
to detect gastroesophageal reflux in children,
although the severity of reflux is difficult to
assess and the results are controversial. Some
investigators have achieved about 90% 
agreement with esophagography and 24-hour
esophageal pH measurement, especially when
color Doppler is added to B-mode US, but others
have found US to be an unreliable diagnostic
test in screening infants (27).

In most symptomatic patients, however, an
upper gastrointestinal examination is perfor-
med not to detect reflux but rather to identify
complications of reflux. Barium esophagram
findings of reflux esophagitis consist of ulcers,
nodules, fold thickening, and, eventually, stric-
tures. Ulcers tend to be small, focal, and often
barely visible. A number of these ulcers are soli-
tary and are more common on the posterior
wall close to the gastroesophageal junction 
(28). Small isolated ulcers are not unique to
reflux esophagitis and are also found with
herpes infection, drug-induced esophagitis,
Behçet’s esophagus, and acute radiation-
induced esophagitis.

Small, irregularly shaped nodules, described
as granulations, are common in the distal
esophagus in reflux esophagitis, often inter-
mixed with small ulcers. The overall appearance
often is that of granularity, and a double-
contrast esophagram is generally necessary for
adequate visualization. One should keep in
mind, however, that nodularity, especially if
varying in size and not discrete, also suggests a
superficial spreading carcinoma.

Thickened folds due to inflammation are
common and often are associated with ulcers.
These folds contain both mucosa and submu-
cosa and, being inflamed, are present with the
esophageal lumen either distended or collapsed.
Folds varying in size with change in intralumi-
nal pressure should suggest varices. Associated
findings are common and include hiatal her-
nias, intramural pseudodiverticula, scarring,
and strictures (Fig. 1.7).

In patients with esophagitis (regardless of
cause), CT identified a relatively long segment of
circumferential esophageal wall thickening
(using a 5-mm threshold) in 55% and a target
sign in 17% (29); these CT findings are non-
specific, and other diseases, including an occa-

sional infiltrating cancer, also result in a thick-
ened esophageal wall.

At times transabdominal US detects a hiatal
hernia, but esophagitis is not readily detected.
Endoscopic US, on the other hand, readily 
evaluates the esophageal wall and surrounding
structures, detecting esophageal wall thickening
due to inflammation and other causes.

A radionuclide gastroesophageal reflux 
study using technetium-99m (Tc-99m) sulfur
colloid is physiologic, readily performed, and
provides quantitative data. This test has
achieved wider acceptance in pediatric patients
than in adults.

Whether one imaging or nonimaging modal-
ity is superior to others in guiding clinical
therapy is debatable.

Therapy

Almost all patients with massive reflux on
barium studies have pathologic acid reflux in
the recumbent position (30); therapy for reflux
disease can be started in these patients without
need for 24-hour pH monitoring. Stricture dila-
tion and temporary stent insertion have a
limited role in benign esophageal strictures;
strictures recur unless the underlying disorder
is treated. Long-term stenting with expandable

Figure 1.7. Reflux stricture (arrow) in the distal esophagus.
A 12-mm barium pill is useful to confirm equivocal strictures.



14

ADVANCED IMAGING OF THE ABDOMEN

metallic stents of benign esophageal strictures
results in a high complication rate. Perforation
and stent migration are not uncommon compli-
cations; stents have been passed per rectum or
regurgitated. Nevertheless, in some patients
temporary stenting of a benign esophageal
stricture is useful. Covered expandable nitinol
stents can be removed with a retrieval hook
(31).

In many centers laparoscopic antireflux
surgery has supplanted open surgery; laparo-
scopic and open fundoplications achieve similar
results. Currently popular operations include
the Nissen fundoplication (Fig. 1.8) and the Hill
posterior gastropexy repair. Both have a simi-
larly high success rate, although they are not
complication free. Acute complications include
esophageal or gastric perforation, gastric volvu-
lus and an incarcerated intrathoracic hernia.
Esophageal manometry reveals a considerable
increase in lower esophageal sphincter resting
pressure and sphincter length after fundoplica-
tion, and thus provides objective data of fundo-
plication effectiveness.

Pneumomediastinum detected shortly after
laparoscopic fundoplication is probably of little
or no significance; pneumothorax, on the other

hand, is abnormal and should be investigated,
keeping in mind that during a laparoscopic fun-
doplication the left pleura is entered and results
in a pneumothorax (32).

Roughly 10% of patients have fundoplication
failure and develop recurrent gastroesophageal
reflux. Other complications include refractory
dysphagia, intractable gas bloating, chest or
abdominal pain, and incapacitating diarrhea,
findings due to a tight repair, vagal nerve injury
resulting in gastroparesis, and ulcerations.
Although dysphagia improves in some patients,
others require dilations or even reoperation.
Acute dysphagia after a fundoplication usually
implies a tight repair; later, esophageal stenosis
should be suspected, possibly related to the
diathermy dissection performed. Other com-
plications include a slipped or disrupted fundo-
plication and recurrent hiatal hernia (Fig. 1.9).
Unrecognized esophageal dysmotility accounts
for occasional dysphagia, but this finding should
be detected with preoperative imaging. A gas-
trobronchial fistula or esophagobronchial
fistula is a rare complication. Computed tomo-
graphy in one patient identified left lower lobe
consolidation and left bronchial tree filling with
contrast from a left subphrenic abscess, with a
fistula confirmed by oral contrast (33).

Dilation for recurrent dysphagia in patients
with a slipped fundoplication has a lower
success rate than in those with an intact 
fundoplication.

Many children undergoing a fundoplication
are neurologically impaired and thus prone to
surgical complications. A fundoplication break-
down, recurrent hiatal hernia, or both are indi-
cations for a second antireflux operation (34);
complications after a second Nissen fundoplica-
tion include bowel obstruction, wound infec-
tion, a tight wrap, and pneumonia. Long-term,
only 72% of these children remained symptom
free.

Barrett’s Esophagus

Clinical

A Barrett’s esophagus consists of replacement 
of normal esophageal squamous epithelium 
by a specialized columnar epithelium, called
heterotopic gastric mucosa. Such metaplasia is
believed to be induced by chronic gastro-
esophageal reflux, esophagitis, and a unique

Figure 1.8. Prominent postoperative Nissen fundoplication.
The distal esophagus is narrowed by an edematous fundal 
wrap.



15

ESOPHAGUS

type of healing, although this view is probably
an oversimplification; duodenogastric reflux
appears to be involved in some patients. A
Barrett’s esophagus can develop after total gas-
trectomy and esophagojejunostomy. It is more
often encountered in men and in Caucasians.
A familial occurrence is evident in some fami-
lies. For some reason it is uncommon in Japan
(35).

Does Helicobacter pylori infection play a role
in a Barrett’s esophagus? In 73 patients with a
Barrett’s esophagus, H. pylori was detected in
the esophagus in 15% and in 36% of gastric

mucosa (36); all those positive in the esophagus
were also positive in the stomach. The presence
of H. pylori in the esophagus is related to pres-
ence of gastric-type mucosa and of concomitant
gastric H. pylori infection.

Given the increasing survival of cystic fibrosis
patients and their propensity for gastro-
esophageal reflux, they appear to be at increased
risk for a Barrett’s esophagus.

Occasionally heterotopic gastric mucosa is
encountered in the upper one third of the
esophagus or even pharynx without other 
stigmata of Barrett’s esophagus, a condition

Figure 1.9. Complications of fundoplication. A: Part of the
stomach (arrows) has herniated above the fundoplication,
permitting reflux from this segment. B: The proximal stomach,
including fundoplication, has herniated into the chest (arrows).
C: Part of the stomach has herniated superiorly through the 
fundoplication.

A

B

C
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believed by some to be congenital (37). Compli-
cations of such proximal heterotopic gastric
mucosa include fistula formation and an ade-
nocarcinoma.

Prevalence of Barrett’s esophagus is unknown
because both imaging and endoscopy misses
some of these lesions. Although at times
Barrett’s esophagus has a characteristic ap-
pearance, mucosal biopsy is necessary for
confirmation. Pathologically, the presence of
esophageal gland ducts in columnar epithelium-
lined mucosa is pathognomonic of Barrett’s
esophagus but is not often sought.

A Barrett’s esophagus is either continuous in
extent or patchy and surrounded by normal
esophageal mucosa. Most often Barrett’s esoph-
agus is located just proximal to the lower
esophageal sphincter. Such complications of
Barrett’s esophagus as ulceration, stricture,
dysplasia, and cancer tend to be less prevalent
in a short-segment Barrett’s.

A Barrett’s esophagus is considered prema-
lignant, with an intermediate stage being dys-
plasia. An ongoing concern is biopsy sampling
error and ability to differentiate low-grade dys-
plasia from high-grade dysplasia, with the latter
tissue being at risk for malignant degeneration.
Grading of dysplasia is subject to observer vari-
ability. The presence of positive tumor markers
such as p53, c-erb-2, proliferating cell nuclear
antigen (PCNA), and carcinoembryonic antigen
(CEA) or the existence of aneuploidy is used by
some to gauge the risk for progression to malig-
nancy, but no firm criteria are available.

Estimates of adenocarcinoma prevalence in
patients with Barrett’s esophagus vary widely. In
a Spanish study, an adenocarcinoma developed
at an incidence of 1 per 104 Barrett’s esophagus
per year (38), while at a Veterans Administration
Medical Center in Tucson, Arizona, it was 
1 per 208 Barrett’s esophagus per year (39).
Severe dysplasia commonly surrounds a carci-
noma. Some studies suggest that patients with
an esophageal adenocarcinoma, presumably
arising from Barrett’s esophagus, are not at
higher risk of developing extraesophageal
malignancies, but other reviews have reached
the opposite conclusion, finding that patients
with Barrett’s esophagus are at increased risk of
colon cancer.

Occasionally Barrett’s esophagus regresses
after medical therapy, but such results are
inconclusive.

Imaging

A typical barium study of a Barrett’s esophagus
reveals an irregular or reticular region of
barium coating, ulcers, and strictures (Fig. 1.10).
Involvement commonly is close to the squamo-
columnar junction. The reticular appearance
tends to be rather subtle, and a high-quality
double-contrast esophagram is necessary to
detect these lesions. At times deep ulcers
develop, a finding not generally seen in uncom-
plicated reflux esophagitis.

A double-contrast esophagram in patients
with short-segment Barrett’s esophagus re-
vealed hiatal hernias in 90%, gastroesophageal
reflux in 80%, reflux esophagitis in 35%, and
peptic scarring or strictures in 55% (40); a retic-
ular pattern was not seen in these patients.

Endoscopic US shows that the mucosal
second hypoechoic layer is significantly thicker
in Barrett’s patients than in a normal esophagus
(41); Barrett’s esophagus can be diagnosed with
a sensitivity approaching 100% and specificity
of 86% if the mucosa hypoechoic layer is thicker
than the first hyperechoic layer. More common
is detection of focal esophageal wall thickening;
such thickening is also found with some carci-
nomas, and endoscopic US cannot distinguish

Figure 1.10. Barrett’s stricture (arrows). Adenocarcinomatous
transformation is in the differential diagnosis.
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between benign and malignant causes of wall
thickening.

Drug-Induced Inflammation

A specific etiology for drug-induced esophagi-
tis is not known. One postulate suggests that the
weak caustic action of many drugs during their
stasis in the esophagus results in localized cor-
rosive injury. Numerous drugs are implicated in
esophagitis and lead to ulcerations. Common
ones include tetracycline derivatives and non-
steroidal antiinflammatory agents. Typically, a
pill lodges in the esophagus at sites of normal
narrowing such as the aortic arch or proximal
to a stricture or due to lack of propulsion.
Alendronate, used to treat osteoporosis in post-
menopausal women, has led to multiple ulcers
and strictures resistant to dilation.

These ulcers tend to be multiple, often
shallow, and clustered at one site. Surrounding
inflammation, manifesting as thickened folds, is
common. An occasional one is large, presum-
ably due to coalescence of smaller ulcers (Fig.
1.11). These ulcers heal readily once the incrim-
inating agent is withdrawn, although an occa-
sional one progresses to esophageal perforation. Thermal/Corrosive Injury

Acute thermal injury develops after ingestion of
hot substances. Ingestion of solid alkali pro-
duces mostly oropharyngeal damage. Liquid
alkali, such as drain cleaners, and acid ingestion,
such as hydrochloric acid, damage both the
esophagus and the stomach and occasionally
even extend into the duodenum. Necrosis
ensues, and at times it is massive. Unless perfo-
ration develops, the acute phase gradually sub-
sides within a week or so, and strictures, at times
bizarre in appearance, begin to form. Previous
corrosive injury is associated with an increased
risk of carcinoma.

On a long-term basis, some type of
esophageal dysmotility persists in most patients
who ingest corrosives, most often consisting 
of nonperistaltic low-amplitude contractions.
Long strictures are common, at times gradually
progressing and manifesting years later (Fig.
1.12).

Most patients with corrosive injury are
managed by gastroenterologists who prefer
endoscopy rather than radiographic contrast
studies to evaluate underlying damage. Lye
ingestion is one of the causes of a dark-

Figure 1.11. Aspirin-induced focal esophagitis.Thickened folds
and subtle ulcers are present in the mid-esophagus (arrow).

Figure 1.12. Sequela of lye stricture as a child. An esophagram
reveals a long stricture involving most of the esophagus. A 
proximal web-like stricture (arrow) required periodic balloon
dilation.
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pigmented or black esophagus seen during
endoscopy.

Crohn’s Disease

In the gastrointestinal tract, the esophagus is
least likely to be involved by Crohn’s disease.
When present, dysphagia, odynophagia, and, at
times, bleeding develop. Most patients also have
gastric and distal ileal involvement.

The most common appearance consists of
aphthae. Occasionally these aphthae enlarge
and linear ulcers develop. These ulcers have
evolved into deep, intramural tracts parallel to
the esophageal lumen.A rare Crohn’s esophagus
presents as a polyposis. Rarely, severe involve-
ment leads to irregular ulcerations and an
imaging appearance mimicking other severe
inflammation.

Crohn’s involvement of the esophagus is one
of the more uncommon causes of esophageal
stricture or an esophagopulmonary fistula (42).

Phlegmonous Esophagitis

Phlegmonous esophagitis is rare. An infection
usually extends from the stomach.

Severe esophageal infection or ischemia
could result in esophageal pneumatosis, but 
in practice it is a rare finding. Occasionally
esophageal pneumatosis develops after acute
gastric dilatation (43).

Tuberculosis

Primary esophageal tuberculosis is rare. More
common is esophageal involvement secondary
to extension from an adjacent structure, such 
as carinal lymph nodes (Fig. 1.13). Clinically,
dysphagia and odynophagia predominate. A
rare esophageal tuberculosis evolves into an
intramural abscess (44). Anecdotal reports
describe spontaneous esophageal perforation,
and a spontaneous esophageal fistula/sinus
tract with no known underlying etiology should
suggest tuberculosis.

Radiographic findings vary considerably and
include nodularity, stricture, ulcer, and fistula.
An intraluminal septum probably represents a
fistula with secondary luminal recommunica-
tion. Computed tomography reveals mediasti-
nal or other adjacent adenopathy.

A biopsy from a site of ulceration or mass
often simply shows epithelioid cell granulomas.

At times culture of the biopsy material reveals
Mycobacterium tuberculosis, but such cultures
are not commonly performed.

Candidiasis

Although occasionally developing without an
underlying cause, esophageal candidiasis typi-
cally evolves in a setting of immunosuppression,
malignancy, diabetes mellitus, debilitation, scle-
roderma, or drug use. Oral thrush is not always
identified. Dysphagia is a common presentation,
with or without odynophagia.

A double-contrast barium study differenti-
ates most candida esophagitis from other
esophagitides. Varying-size plaques, tending to
align to the esophageal longitudinal axis, are a
typical appearance of candidiasis (Fig. 1.14).
With progression, these plaques coalesce; some
become undermined and the appearance is 
that of a shaggy, irregular outline. A foamy
esophagus has been described on a double-
contrast esophagram (45); it consists of innu-
merable small, round gas bubbles mixed with
barium on top of the barium column. Ulcers 
are uncommon early but develop with plaque
sloughing.

Figure 1.13. Tuberculous sinus tract between esophagus and
carinal lymph nodes (arrow) in a patient with dysphagia.
Primary disease was in the lymph nodes.
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Viral Esophagitis

Herpes simplex virus type I esophagitis de-
velops most often in immunocompromised
patients. An esophagram typically reveals well-
defined ulcers in otherwise normal-appearing
mucosa. These ulcers range from punctate to
round or, rarely, linear.

Cytomegalovirus and HIV-induced ulcers
tend to be large and shallow. The imaging
appearance with both is similar, and biopsy is
necessary for differentiation.

Histoplasmosis

Primary esophageal histoplasmosis is rare 
and occurs mostly in immunocompromised
patients. More likely esophageal involvement 
is secondary to one of two circumstances:
First, with mediastinal histoplasmosis, resultant
adenopathy and inflammation lead to eso-
phageal obstruction and dysphagia. Second,
esophageal ulcers and nodules develop in a
setting of disseminated histoplasmosis. A 
histoplasmosis-associated stricture is rare.

Biopsy reveals intracellular histoplasmosis.

Chronic Granulomatous Disease

Chronic granulomatous disease is an inherited
disease manifesting in childhood and character-
ized by recurrent bacterial or fungal infections.
The primary defect is a neutrophil granulocyte
dysfunction that suppresses the body’s ability to
kill phagocytosed microorganisms. This con-
dition rarely involves the esophagus, although
an occasional child develops esophageal nar-
rowing. Biopsy simply revealed nonspecific
inflammation.

This entity differs from the rare chronic
granulomatosis found in adults (discussed in
Chapter 14).

Eosinophilic Esophagitis

Eosinophilic esophagitis is a rare cause of dys-
phagia, generally detected in the young. Isolated
esophageal involvement does occur, but more
common is disseminated disease. Dysphagia
and chest pain are typical presentations. An
allergic history is common and many of these
patients have a peripheral eosinophilia.

Imaging does not play a direct role in the
diagnosis but serves primarily to exclude 
complications, such as strictures and other 
conditions.

Other

Chronic dysphagia but without symptoms of
reflux has been described in patients developing
localized esophageal strictures (46); histology
reveals esophageal mucosal blistering but no
significant inflammation and no concurrent
cutaneous or mucous lesions. The authors called
this entity chronic esophagitis dissecans.

Behçet’s Syndrome
Behçet’s syndrome involving the esophagus is
rare. The few reported patients presented with
esophageal ulcers varying in depth (Behçet’s
syndrome is discussed in Chapter 17).

Radiation
Clinically evident radiation esophagitis is not
common. Patients also receiving Adriamycin 
or actinomycin-D have a considerably lower
threshold for radiation esophagitis.

Figure 1.14. Candida esophagitis.The esophagus has a shaggy,
irregular outline.
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Patients undergoing concurrent chemo- and
radiotherapy for lung cancer have a consider-
ably lower threshold for radiation esophagitis
which is confined to the radiation field (47);
esophagitis was more common in the low-dose
chemotherapy group than in those receiving a
larger dose.

The imaging appearance ranges from isolated
ulcers, usually shallow, to eventual long stric-
tures in the radiation field.

Sarcoidosis
Sarcoidosis typically involves lungs, lymph
nodes, and spleen, with gastrointestinal involve-
ment being less common. The hallmark of
sarcoidosis is the presence of noncaseating
granulomas, although similar histologic
findings are found in a number of disorders. In
general, single-organ involvement is uncom-
mon and should not be attributed to sarcoido-
sis. A possibility of sarcoidosis (and its therapy)
predisposing to lymphoma has been raised, pre-
sumably via an immune system pathway. Sar-
coidosis has preceded lymphoma by months or
years.

Sufficient mediastinal sarcoid adenopathy
can compress and narrow the esophagus lumen.
A barium study typically reveals a smooth 
and narrowed esophageal lumen. Subcarinal
adenopathy often splays the right and left main
stem bronchi. In most patients esophageal
motility is normal. Manometry occasionally
reveals nontransmitted contractions and a
spastic lower esophageal sphincter. The rare
primary esophageal sarcoidosis presents as a
focal, circumferential stricture (Fig. 1.15).

Fibrosis
Esophageal fibrosis and fibrosis-associated
strictures are a common end point for a number
of conditions (Table 1.3), and these are dis-
cussed in their appropriate sections. In distinc-
tion to other parts of the gastrointestinal tract,
the relative smoothness of an esophageal stric-
ture is an insensitive guide in distinguishing a
benign from a malignant stricture. Also, not all
esophageal narrowings represent a stricture;
for instance, the distal esophageal narrowing in
achalasia is mostly spasm.

Extensive mediastinal fibrosis does lead to
esophageal stricture. Generally these stric-
tures have a smooth appearance and tapering
margins. Self-expanding stents have been
helpful in relieving acute dysphagia in these
patients.

Tumors
Nonneoplastic

Sebaceous Glands

Normally sebaceous glands do not exist in the
esophagus, although ectopic sebaceous glands
have been described. They vary in size; some
appear as irregular, lobulated nodules, while 
a rare patient has multiple rounded polyps ar-
ranged in rows.

Histology is diagnostic for these submucosal
glands.

Fibrovascular Polyp

Most giant intraluminal esophageal polyps are
fibrovascular in origin. An occasional one is a
leiomyoma, hamartoma, or some other difficult
to classify tumor.

Figure 1.15. Esophageal sarcoidosis manifesting as a circum-
ferential, smooth stricture (arrows).
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Most fibrovascular polyps originate in the
proximal one third of the esophagus, originate
in the submucosa, are covered by squamous
epithelium, and consist of fibrosis, fat, and
stromal tissue. Most present with either lumen
obstruction or bleeding. They obstruct when
large. Some develop a long pedicle and prolapse,
even to the point of laryngeal obstruction. Occa-
sionally CT and MR identify predominantly fat
(48).

Being rather mobile, during a barium study
these polyps superficially mimic a bolus of
food.

Hemangioma

Esophageal hemangiomas are uncommon. Most
appear as sessile polyps. Computed tomography
reveals marked contrast enhancement. One 
was hypoechoic on endoscopic US, was confined
to the submucosa, and adjacent muscularis
propria appeared intact (49).

Heterotopic Pancreas

The term choristoma is occasionally used to
describe a tumor-like mass of normal tissue in
an abnormal location. A heterotopic pancreas is
one such tumor.

Obvious heterotopic pancreatic tissue is rare
in the esophagus, but intramucosal pancreatic
acinar-like cells are not. These pancreatic acinar

cells tend to be located on either side of the
squamocolumnar junction, but they do not rep-
resent ectopic pancreatic tissue.

Benign Neoplasms

Papilloma

The majority of squamous cell papillomas occur
in the distal esophagus and most are asympto-
matic. Some papillomas are associated with
mucosal injury and subsequent regeneration.
They are not considered premalignant. They
tend to be misdiagnosed as mucosal tags or
inflammatory polyps if only small biopsy spec-
imens are available, but the pathologist should
suggest a correct diagnosis if papillary projec-
tions are identified. Radiologically, most are
small, range from smooth to slightly irregular,
and vary in size (Fig. 1.16).

Leiomyoma

A leiomyoma is the most common esophageal
tumor found at autopsy. Most are intramural in
location, single, small, and not detected by
imaging. Most are discovered incidentally, and
the larger ones result in dysphagia. Most occur
in adults.

A rare leiomyoma grows mostly intraluminal,
at times even becoming pedunculated, thus sug-
gesting a muscularis mucosa origin. An occa-

Table 1.3. Etiologies of fibrotic esophageal strictures

Condition Comments

Reflux esophagitis Both acid and alkali reflux result in strictures, usually in distal third
Barrett’s esophagus Most strictures are in middle or distal third
Drug induced Most common in mid-esophagus
Thermal/corrosive Most strictures are long and in distal segment
Crohn’s disease Strictures tend to be smooth and vary in length
Phlegmonous Involves distal segment and usually extends into stomach
Infectious Strictures result from chronic infection
Chronic granulomatous disease Fibrosis is secondary to recurrent bacterial or fungal infections
Chronic esophagitis dissecans A rare cause of esophageal strictures
Radiation Strictures correspond to radiation port and tend to be smooth in outline
Mediastinal fibromatosis Esophagus tends to be extensively involved
Sarcoidosis Usually secondary to mediastinal sarcoidosis
Plummer-Vinson syndrome Appearance more web-like rather than a fibrotic stricture
Epidermolysis bullosa Ulcerations lead to fibrotic strictures
Pemphigoid Blistering results in web-like appearance, at times evolving into strictures
Prolonged nasogastric intubation Long distal esophageal strictures
Intramural (pseudo)diverticulosis Distal esophageal strictures are probably due to reflux esophagitis
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sional one mimics a fibrovascular polyp, espe-
cially if originating in the proximal esophagus.
One pedunculated leiomyoma extended 20 cm
in a dilated esophagus containing retained
foreign material (50); the overall appearance
suggested achalasia.

Precontrast, leiomyomas tend to be close to
isointense; they enhance homogeneously post-
contrast, except for larger ones containing
necrosis.

Endoscopic US of a plexiform leiomyoma
showed a sharply marginated, hypoechoic 
intramural tumor containing internal linear
echoes (51). Endoscopic US should differentiate
whether a leiomyoma originates from muscu-
laris mucosa or muscularis propria; endoscopic
lumpectomy is possible for those originating
from muscularis mucosa.

Diffuse esophageal leiomyomatosis occurs in
X-linked Alport’s syndrome, an inherited dom-
inant trait caused by specific gene mutations,
and, in fact, diffuse leiomyomatosis and esoph-
ageal involvement are often the first mani-
festations of Alport’s syndrome. Progressive
dysphagia starting in childhood is typical.

A barium esophagram in leiomyomatosis
reveals smooth esophageal narrowing. Com-
puted tomography and endoscopic US identify
diffuse esophageal wall thickening.

Malignant Neoplasms

Pharyngeal Tumors

Pharyngeal malignancies originate in any of the
three pharyngeal compartments: nasopharynx,
oropharynx, or hypopharynx. Most are squa-
mous cell carcinomas, with a minority of lym-
phomas, adenoid cystic carcinomas, and rare
undifferentiated carcinomas. Pharyngeal sarco-
mas are rare.

Direct visualization continues to be the 
mainstay of tumor detection, while pharyn-
gography has been supplanted by CT and MRI
in evaluating tumor spread. Neck MRI is 
especially helpful due to its enhanced soft tissue
contrast.

Esophageal Carcinoma

Among patients with esophageal carcinoma
seen at the Cleveland Clinic Foundation
between 1987 and 1994, 74% had an adenocar-
cinoma and 26% a squamous cell carcinoma
(52); no differences existed between the two
groups in age, prior gastric surgery, smoking, or
alcohol use, but significant risk factors for an
adenocarcinoma were male gender, white race,
distal cancer location, and the presence of
Barrett’s esophagus.

Clinical

Squamous Cell Carcinoma: Esophageal squa-
mous cell carcinoma shows considerable re-
gional variation in prevalence. Both tobacco 
and alcohol use are predisposing risk factors 
in the Western world, but these do not appear 
to play a major role in regions of the world
where this cancer is especially prevalent. In the
United States, tobacco plays a greater role in
esophageal squamous cell carcinoma than in
adenocarcinoma and is a more prominent
factor in women than men (53). Human papil-
lomavirus appears to have a role in carcino-
genesis in geographic regions with a high
prevalence of this cancer.

A patient with an esophageal squamous 
cell carcinoma presented with paraneoplastic
glomerulonephritis and nephrotic syndrome
(54); such an autoimmune phenomenon
appears to be induced by tumor antigen 

Figure 1.16. Squamous papilloma close to the gastroeso-
phageal junction (arrows).
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inhibition. The sign of Leser-Trelat (multiple
verrucous papules) is also associated with a rare
squamous cell esophageal carcinoma (55).

Dysphagia for solid foods is the most
common presentation but is a late occurrence.

An association exists between esophageal
dysplasia and both esophageal carcinoma and
head and neck carcinomas. Patients who have
had a prior partial gastrectomy for peptic 
ulcer disease also appear to be at increased risk.
An occasional carcinoma is linked to prior 
radiation therapy to this region. Increased
prevalence is found in patients with achalasia,
Plummer-Vincent syndrome, a caustic stricture,
or tylosis (keratopalmar keratosis), an auto-
somal condition.

Simultaneous esophageal squamous cell 
carcinoma and gastric adenocarcinoma have
developed, but whether these have been by
chance is conjecture. In a rare patient intramu-
ral pseudodiverticulosis is associated with an
esophageal carcinoma.

Esophageal squamous cell carcinoma exhibits
considerable variability throughout the world.
It is one of the leading causes of cancer death 
in Asia, with an especially high prevalence in
northern Iran and northern China. Another
focus of high prevalence is found among 
Zulu and Bantu people in South Africa. In
Shanghai, esophageal cancer rates have
decreased more than 50% over an 18-year
period ending in 1989 (56), in the United States
an increase is found among black men, while in
Scotland, both adenocarcinoma and squamous
carcinoma have been increasing both in men
and women.

Adenocarcinoma: Discussed here are adeno-
carcinomas arising both in the esophagus and
in the gastric cardia (at the gastroesophageal
junction). Prior literature debated whether the
latter tumors should be considered esophageal
or gastric in origin, but from a clinical view-
point little justifies their separate consideration;
the resultant surgical approach is similar.

Extensive associated dysplasia is common
surrounding an esophageal adenocarcinoma.
Many of these patients have a long history of
gastroesophageal reflux, and gastric content has
thus been implicated in carcinogenesis, but a
specific carcinogen has not been identified.
Bile and pancreatic juice reflux have also been
implicated. No significant association exists be-
tween H. pylori infection and carcinoma of the

gastroesophageal junction; this is in distinction
to a significant association between H. pylori
infection and other gastric adenocarcinomas.

Prevalence of esophageal and gastric cardia
adenocarcinoma is increasing in the Western
world. Data from the Surveillance, Epidemiol-
ogy, and End Results (SEER) study in the 
United States reveal that in white males the inci-
dence of esophageal adenocarcinoma increased
>350% since the mid-1970s and currently 
surpasses squamous cell carcinoma (57); an
increase also occurred in black males but was
considerably lower.

Not all of these adenocarcinomas develop 
in a Barrett’s esophagus. Barrett’s esophagus
patients tend to have a better prognosis after
surgery, probably because reflux and similar
symptoms result in an earlier diagnosis.

These tumors commonly invade the gastric
cardia. A rare esophageal adenocarcinoma first
manifests as a metastasis.

Small Cell Carcinoma: Primary small cell 
carcinoma, morphologically indistinguishable
from its lung counterpart, is rare in the esopha-
gus. Pathologically these tumors are divided
into oat-cell and non–oat-cell varieties. These
are aggressive tumors with a poor prognosis,
although radiation therapy and chemotherapy
does prolong survival.

These tumors vary in size from small mucosal
lesions to large fungating masses. Extensive
intrathoracic and intraabdominal adenopathy 
is not uncommon on initial presentation.
Imaging studies tend to be similar to those seen 
in patients with a squamous cell carcinoma.
Barium studies reveal a smoothly marginated,
sessile, ulcerated tumor located inferior to the
carina (58).

A rare association with celiac disease has
been raised (59).Also, a rare patient with a small
cell esophageal carcinoma has a synchronous
squamous cell carcinoma.

Adenoid Carcinoma: An esophageal adenoid
cystic carcinoma is rare. They tend to be rather
aggressive.

Pathology

Esophageal lymphatics consist of a submucosal
network draining into regional lymph nodes.An
esophageal malignancy can thus spread readily
both longitudinally and circumferentially.
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The Lauren classification (discussed in more
detail in Chapter 2) appears also useful with
esophageal adenocarcinomas. It is an independ-
ent prognostic factor. Diffuse-type tumors are
associated with a significantly worse prognosis
than intestinal-type tumors (60).

Most esophageal varicoid carcinomas are
adenocarcinomas, although an occasional squa-
mous cell carcinoma spreads superficially, with
invasion limited to submucosa. A varicoid 
carcinoma involves varying esophageal lengths,
occasionally even diffusely involving the entire
esophagus. Both endoscopy and endoscopic
biopsy have missed these mostly submucosal
cancers.

Detection

An esophageal carcinoma is generally first de-
tected either with a barium study or endoscopy,
while tumor invasion is evaluated with CT or
endoscopic US. Because many of these tumors
are hypervascular compared to normal eso-
phageal tissues, postcontrast multidetector CT
imaging during the arterial phase also appears
useful for initial tumor detection, although cur-
rently little data are available in the literature to
provide guidance.

Esophagography remains an excellent tool
both for diagnosis and follow-up of an
esophageal carcinoma. A double-contrast tech-
nique and meticulous attention to detail are
necessary.

At times an early superficial carcinoma 
presents as an isolated focus of nodularity
identified with a double-contrast esophagram.
The differential diagnosis of such a finding
includes Barrett’s esophagus, focal esophagitis,
or even focal glycogenic acanthosis. A more
extensive carcinoma is readily detected by a
double-contrast barium study, but a biopsy is
generally necessary to establish the diagnosis
(Fig. 1.17).

Adenocarcinomas tend to have a nodular
outline, and a technically high-quality study is
necessary to detect smaller tumors (Fig. 1.18).
Even when advanced, they tend to infiltrate
intramurally, and a bulky intraluminal mass is
found only in a minority (Fig. 1.19). Varicoid
adenocarcinomas in the distal esophagus mimic
varices, but unlike varices, these serpiginous
cancers do not change shape and size with
degree of esophageal lumen distention, and

most experienced radiologists readily differen-
tiate these two conditions (Fig. 1.20). Adenocar-
cinomas developing in a setting of Barrett’s
esophagus typically have an initial flat or
plaque-like, irregular appearance and tend to be
difficult to detect.

Staging

Squamous Cell Carcinoma: The tumor, node,
metastasis (TNM) system is used for staging

Figure 1.17. Squamous cell carcinoma in mid-esophagus. A: CT
identifies a poorly enhancing tumor infiltrating the esophagus
(arrow). (Courtesy of Arunas Gasparaitis, M.D., University of
Chicago.) B: Ulcerated carcinoma in mid-esophagus (arrow) in
another patient.

A

B
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esophageal carcinomas (Table 1.4). Information
obtained from imaging is combined with other
data to achieve a preoperative stage useful for
subsequent prognosis and therapy. From an im-
mediate surgical viewpoint, however, a primary

concern is not staging but whether a tumor is
resectable or not.

Preoperative imaging is used to detect local
and metastatic spread. Computed tomogr-
aphy complements rather than competes with
endoscopy and barium studies, which are pri-
marily diagnostic rather than staging modali-
ties. Arterial phase multislice CT shows most
tumors to be hypervascular to surrounding
normal soft tissues; CT detects tumor intralu-

Figure 1.18. Polypoid adenocarcinoma in mid-esophagus
(arrows).

Figure 1.19. Distal esophageal adenocarcinoma. CT reveals
diffuse infiltration of surrounding tissues (arrow).

Figure 1.20. Varicoid adenocarcinoma.
A: The appearance superficially mimics
varices, but the folds are too sharply
defined for varices. B: A more advanced
varicoid carcinoma. A B
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minal extension, invasion, or displacement of
tissue planes and blood vessels, obliteration of
normal fat planes, and lymph node enlarge-
ment. The CT signs pointing toward irre-
sectability are tumor-to-aorta contact angle >45
degrees; obliteration of the fat pad between the
tumor, aorta, and spine; and tracheal invasion.
Unfortunately, these signs have a high false-
positive rate and they should be interpreted
judiciously. Some of these patients are cachec-
tic, however, and have little fat that can serve as
a landmark.

A CT-specific staging system is used by some
to gauge intramural extension and adjacent
structure involvement. Intravascular contrast
defines major adjacent vessels. A lymph node
transverse diameter of 10 mm or more is one
criterion used to gauge lymph node metastases,
but the results are disappointing. Analysis of
7218 resected lymph nodes in patients with
esophageal carcinoma revealed that only 28% of

histopathologically proven nodes containing
metastases were ≥10 mm in size, whereas 35% of
metastatic nodes were 5 to 10 mm, and 36% were
<5 mm (61); looking at the reverse, of resected
nonmetastatic lymph nodes 7% were >10 mm
and the authors concluded that CT cannot
assess whether mediastinal lymph nodes are
affected. Current data indicate that CT cannot
reliably identify nodal involvement. It is useful,
however, in detecting extensive spread.

One limitation of endoscopic US in staging
esophageal cancers is that often the probe
cannot be passed through a carcinoma and the
full extent of a tumor cannot be assessed. Also,
more distant involvement cannot be evaluated.
Endoscopic US often does suggest whether a
carcinoma is limited to the mucosa or submu-
cosa, or extends into adjacent tissues. Using
endoscopic US criteria, a blinded evaluation of
patients with esophageal malignancy attempted
to differentiate between tumors limited to the
esophageal wall (T1-2) and extraesophageal
(T3-4) involvement (62); the accuracy of mus-
cularis disruption and tumor border irregular-
ity was low in differentiating between intra- and
extraesophageal disease. On the other hand,
tumor maximal thickness was accurate in 
predicting extraesophageal extension; tumors
limited to the esophagus measured 8 ± 1 mm,
but extraesophageal tumors had a thickness of
16 ± 2 mm.

In a multicenter retrospective study of 79
patients with invasive (T4) esophageal carci-
noma, endoscopic US accuracy was 88% in
detecting tumor invasion, whereas CT accuracy
was 44% (p = .0002) (63); of interest is that in
this group of invasive cancers (consisting of
both adenocarcinomas and squamous cell car-
cinomas), overall mortality was not significantly
different whether surgery was performed or
not.

Gauging lymph node involvement by 
endoscopic US is problematic. Although some
studies have reached a nodal staging sensitivity
of 92% (64), others have achieved staging 
sensitivities of only 60% to 80%. Nevertheless,
endoscopic US is more accurate than CT in
staging node invasion.

More proximal esophageal squamous cell car-
cinomas metastasize to cervical lymph nodes.
Neck US using a 7.5- or 10-MHz transducer
appears useful, keeping in mind that US simply
detects lymph nodes, and nodes above a certain

Table 1.4. Tumor, node, metastasis (TNM) staging of
esophageal tumors

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma-in-situ
T1 Tumor invades lamina propria or submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades adventitia
T4 Tumor invades adjacent structures

Lymph nodes:
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant metastasis:
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage IIA T2 N0 M0

T3 N0 M0
Stage IIB T1 N1 M0

T2 N1 M0
Stage III T3 N1 M0

T4 any N M0
Stage IV any T any N M1

Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.
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size, such as 5 mm or so in their long dimension,
are assumed to be metastatic. Some studies use
a short-to-long node dimension ratio >0.5 as an
indicator of metastasis.

In patients with an intrathoracic esophageal
squamous cell carcinoma, 1.5 T, T1-weighted
sagittal MRI could not detect lesions subse-
quently found to be less than stage T2 (65);
detected T3 lesions had a mean diameter of
25 mm, whereas T4 lesions were 34 mm. Never-
theless, future MRI staging of esophageal
cancers appears promising. Thus in evaluating
depth of mural invasion, T2-weighted MRI (at
1.5 T) agreed in 95% of patients with suspected
superficial esophageal carcinoma with final
histopathologic evaluation (66); in 5% of
specimens MRI staging was higher.

Positron emission tomography has a role in
staging both esophageal squamous cell carci-
noma and adenocarcinoma. Its spatial resolu-
tion is insufficient to evaluate local extension,
but it is often more specific than CT or US in
detecting nodal involvement, keeping in mind
that activity in a primary tumor can mask adja-
cent lymph node uptake. In 36 patients with a
newly diagnosed esophageal cancer, 18F-FDG
PET detected abnormal uptake in all (67); in
those undergoing a curative esophagectomy,
PET and CT correctly identified extent of nodal
involvement in 76% and 45% of patients, respec-
tively. The current primary role for PET is in
excluding stage IV disease and in following
patients postresection. One should keep in mind
that esophagitis and adjacent inflammation
result in a false-positive PET scan, and this study
thus should be obtained only several months or
longer after radiation therapy or resection.

Although thoracoscopic staging has been
proposed, it is not widely employed.

Adenocarcinoma: Compared to postoperative
staging, endoscopic US correctly staged tumor
depth invasion in 87% of patients compared to
40% for CT (68) (Fig. 1.21). It was also
significantly more accurate (73%) than CT
(33%) in staging node invasion. Even if the
endoscope probe could not pass through a
tumor stricture, US is able to stage. False-
positive findings are due to edema or fibrosis,
whereas scattered infiltration accounts for false-
negative ones.

Lymph node metastasis is uncommon if an
adenocarcinoma is limited to the mucosa, is
present in <20% of patients when a cancer

extends to the submucosa, and increases further
with deeper tumor extension (Fig. 1.22).

Complications

Esophageal neoplasms necrose and fistulize 
to adjacent structures, including trachea and
major bronchi (Fig. 1.23). Imaging detection of
tumor invasion into the tracheoesophageal fat
plane increases the likelihood of future tra-
cheoesophageal fistula formation. Unusual ones
include an esophagosubarachnoid fistula (69)
and even lower extremity subcutaneous emphy-
sema, with psoas muscles presumably serving
as a pathway (70).

Some neoplastic fistulas are iatrogenic. These
tissues are friable, and even passage of a feeding
tube can result in a perforation and fistula.

Therapy

Therapeutic options available for cure consist 
of surgical resection, at times in combina-
tion with radiotherapy or chemotherapy.
Combined chemo- and radiation therapy before
esophagectomy for invasive esophageal or gas-
troesophageal junction cancer did not influence
distant metastases but did control local recur-
rence, achieving a 5-year local tumor control
rate of 90%, compared to 64% after esophagec-
tomy only (71); on the other hand, postoperative
mortality was 16% in the chemo- and radiation
therapy group versus 6% after esophagectomy
only.

Some surgeons recommend esophagectomy
to all patients able to withstand resection, keep-
ing in mind that such an approach provides no
survival benefit; only those patients who are too
ill for surgery are referred to palliation, an
approach of questionable value.

For cure: Flat esophageal carcinomas and
areas of dysplasia are amenable to endoscopic
mucosal strip resection. This procedure holds
promise as long as a lesion is limited in depth.
In general, survival does not depend on tumor
location within the esophagus.

Photodynamic therapy cures most early
squamous cell carcinomas (Tis and T1a) of the
esophagus (72).

Traditional therapy for squamous cell
esophageal carcinomas involves resection
(where applicable), radiation therapy, and
chemotherapy. Patients with stage I and II
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cancer achieve greater 5-year survival either
with surgery only or surgery plus adjuvant
chemoradiotherapy than with primary radia-
tion therapy only.

Either a transhiatal esophagectomy or a
transthoracic approach is used to resect a distal
esophageal or gastric cardia adenocarcinoma.
Both techniques appear to be equally safe and
have comparable complications and survival
rates.

The 5-year survival for patients undergoing
resection of an esophageal adenocarcinoma,
without postoperative residual tumor and with-
out lymph node involvement, is about 60–70%.

Computed tomography using a negative oral
contrast agent and endoscopy appear compara-
ble in evaluating the response to chemotherapy

Figure 1.21. Esophageal endosonography. A: Image of superficial cancer
of gastric cardia (arrows). The outer hyperechoic layer, representing mus-
cularis propria, is intact. B: T1 tumor with an intact outer hypoechoic layer.
C: Cancer invading muscularis propria. The outer hyperechoic layer is dis-
continuous and this tumor is thus stage T2. D: Tumor invading beyond the
serosa; it is thus stage T3. Enlarged nodes were also present. E: Gastric
cardia tumor extends through serosa and invades diaphragm (arrows).The
tumor is thus stage T4. (Courtesy of Eric François, M.D., Centre Antoine-
Lacassagne, Nice, France.)

Figure 1.22. Endosonography reveals numerous hypoechoic
nodes surrounding the esophagus, (Courtesy of Eric François,
M.D., Centre Antoine-Lacassagne, Nice, France.)
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of gastroesophageal junction adenocarcinomas
(3).

Although of limited application, transjugular
intrahepatic portosystemic shunting (TIPS) can
relieve portal hypertension in a cirrhotic patient
with esophageal varices and an esophageal 
adenocarcinoma, allowing subsequent cancer
therapy.

Palliation: Therapy of patients with cancer
invading adjacent structures is controversial.
Palliation of dysphagia in most patients with
either squamous cell carcinoma or adenocarci-
noma consists of stenting, radiotherapy, laser
therapy, or serial dilation of the malignant 
stricture. Some centers report prolonged sur-
vival after chemotherapy, radiotherapy, and
esophagectomy combined with regional node
dissection.

Indications for stenting an inoperable
esophageal carcinoma are obstruction or fistula.
The procedure of choice for an inoperable car-
cinoma, especially in underdeveloped countries,
is often a plastic stent inserted under endo-
scopic guidance without general anesthesia and
requiring only a short hospital stay (73).

Numerous commercial stents are available
and new ones continue to be introduced. These

stents are inserted using either endoscopic or
fluoroscopic guidance. Self-expanding metal
stents provide dysphagia palliation for a major-
ity of patients. Covered stents provide better
long-term palliation than uncovered stents.
Comparing Wallstents and knitted nitinol
stents, a multicenter study found that proce-
dure-related mortality, early complication rate,
and severe persistent pain after stent placement
were higher with Wallstents (74); on the other
hand, stent dysfunction, reintervention rate, and
cost were lower in the Wallstent patients. Mean
survival time of patients with malignant dys-
phagia is longer with covered than with uncov-
ered stents.

In addition to treating strictures, covered
metallic stents also are effective in treating
inoperable malignant perforations and tra-
cheoesophageal fistulas. Both covered Wall-
stents and Gianturco stents are popular. A
contrast study shortly after the procedure eval-
uates stent position with respect to the fistula.
Therapy with Wallstent endoprostheses or
Gianturco stents of esophagorespiratory fistulas
or perforations in patients with unresectable
esophageal cancer led to closure of 90% of
fistulas and all perforations (75).

What is the effect of a magnetic field on
various metallic stents? Magnetic resonance
imaging quality was not degraded by the tita-
nium alloy Ultraflex stent and nitinol covered
Wallstent (76); stainless steel Gianturco stent
and modified Gianturco stent have an apprecia-
ble attraction force and torque. In particular, the
Gianturco stent is pulled toward the head with
a force 7¥ gravity, although whether this is
enough of a risk for dislodgment is unknown.
In addition, the stainless steel Gianturco stents
produce gross artifacts around the stent.

Stent-related delayed complications tend to
be more common than immediate complica-
tions and consist of recurrent fistula, tumor
ingrowth, and tracheal compression by tumor
(Fig. 1.24). Complications appear to be similar
regardless of whether a stent is used primarily
to treat a stricture or to bypass a fistula (Table
1.5). Gastroesophageal reflux is common if the
stent straddles the gastroesophageal junction; at
times resultant esophagitis is sufficiently severe
to mimic an obstruction. Tumor ingrowth and
overgrowth after stenting result in recurrent
dysphagia and can be treated by balloon dila-
tion or insertion of a second stent. Stents 

Figure 1.23. Cancer ulcerating into carinal lymph nodes
(arrow).
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do migrate proximally and distally, although
migration is less of a problem with newer stents.
Covered stents tend to migrate more often than
uncovered stents; on the other hand, tumor
ingrowth occurs with uncovered stents. Stent
erosion into adjacent tissues is not uncommon,
with most perforations occurring at stent 
ends.

A nitinol stent broke spontaneously shortly
after insertion, and another one broke after

laser therapy for tumor ingrowth, possibly due
to thermal overload during laser therapy (77);
electrocoagulation and laser use should be used
with caution around a stent. Another nitinol
stent invaginated after initial expansion and
shortened to about two thirds of its length,
allowing tumor overgrowth (78).

Endoscopic laser therapy is useful in palliat-
ing some of these cancers, and reopening rates
of >90% can be achieved. Survival did not differ
in patients with stages III and IV squamous cell
carcinoma whether they underwent esophagec-
tomy or endoscopic laser therapy (79); patients
undergoing laser therapy did have a shorter
hospital stay, although sequential retreatments
are necessary. Complications of laser therapy
include esophagotracheal fistulas and hemor-
rhage. There have been incidents of procedure-
related mortality. A prospective randomized
trial found that in patients with inoperable
esophageal cancer dysphagia palliation was
substantially better with stenting than with
endoscopic laser therapy (80).

Tumor response to radiotherapy or
chemotherapy is estimated by measuring resid-
ual tumor size. Tumor volume can be calculated
from CT scans by combining adjacent measured
tumor areas on each 1-cm slice. The accuracy of
this method is similar to results obtained from
resected tumor weight and water displacement
measurements.

Complications of Therapy: A gastroe-
sophageal anastomotic leak is not uncommon
after cancer resection. Most of these leaks are
detected by a barium study shortly after
surgery, and most smaller ones are managed
medically and close spontaneously. Larger ones
or those not healing with conservative therapy
are amenable to esophageal stenting. In one
study, immediate leak occlusion was evident
after stenting, and clinical healing occurred in
93% of patients, with a median healing time of
6 days (81).

An esophageal mucocele developed after sur-
gical bypass due to continued secretions in the
excluded esophagus (82).

Recurrence/Metastasis

Local recurrence manifest as dysphagia and
generally implies extensive disease (Fig. 1.25).

Figure 1.24. Tygon tube perforation (arrow).Most common site
of perforation is at the proximal sleeve.

Table 1.5. Complications of esophageal stenting

Reflux
Aspiration
Food impaction
Perforation
Benign strictures at stent edges
Esophagorespiratory fistula
Esophagovenous intravasation
Aortoesophageal fistula
Stent migration
Stent fracture
Stent invagination
Stent twisting/torsion
Tumor ingrowth or overgrowth
Massive hemorrhage
Death
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Typical metastases are to mediastinal, cervical,
and abdominal lymph nodes.

Endoscopic US is an option for early detec-
tion of locally recurrent cancer. A study of
patients followed by endosonography found
that two thirds of patients were still asympto-
matic when US detected recurrence (83).

Metastases from an esophageal adenocarci-
noma mimicked myositis ossificans (84).

Lymphoma

A primary esophageal lymphoma is rare. Most
involvement is secondary, often due to direct
spread from mediastinal lymph nodes or
stomach. Lymphomas range from polypoid to
diffusely infiltrating (Fig. 1.26). An occasional
one is primarily intramural and mimics
esophageal varices, similar to a varicoid 
carcinoma.

A lymphoma infiltrating an esophageal squa-
mous cell carcinoma is a rarity; the diagnosis is
difficult even for a pathologist because reactive
lymphoid infiltration is not uncommon adja-
cent to a squamous cell carcinoma.

Sarcoma

Some connective tissue tumors are difficult to
characterize even with immunohistochemistry,
and most authors simply label them as stromal
tumors. Whenever possible, however, a specific
pathologic diagnosis should be applied to 
mesenchymal tumors because of differences in
therapy and prognosis.

Within the gastrointestinal tract, gastroin-
testinal stromal tumors (GISTs) are least
common in the esophagus and most common in
the stomach. These tumors are discussed in
more detail in Chapter 2.

Leiomyosarcoma

Although leiomyomas are common in the
esophagus, sarcomatous degeneration is not.
Most sarcomas present as large bulky tumors
varying in size. Their growth rate is variable,
although most are slow-growing. The distinc-
tion between a leiomyoma and a leiomyosar-

Figure 1.25. Recurrent cancer at gastroesophageal anastomo-
sis. A gastric cardia adenocarcinoma had been resected 
previously.

Figure 1.26. Esophageal lymphoma. A: A diffuse infiltrating,
ulcerating tumor (arrows) was believed to have been induced by
cyclosporin. (Courtesy of Arunas Gasparaitis, M.D., University 
of Chicago.) B: Recurrent lymphoma presenting as multiple
nodules (arrows).

A B
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coma is generally made only by the pathologist
and even then often with difficulty.

Dysphagia is the usual presentation. An occa-
sional patient manifests with bleeding or pain.
Leiomyosarcomas tend to metastasize late in
their course.

The vast majority of leiomyosarcomas
develop in the esophageal segment containing
smooth muscle (i.e., mid-to-distal esophagus).
The rare one found more proximally presum-
ably originates either from the vessel wall or
muscularis mucosa. Some are sufficiently large
that a chest radiograph reveals a mediastinal
mass. Squamous cell carcinomas and adenocar-
cinomas, on the other hand, rarely are
sufficiently large at initial presentation to be
detected with chest radiography.

Their barium appearance varies from a
mostly intramural to a large intraluminal 
mass. A primarily infiltrating tumor is less
common. Larger ones tend to ulcerate. A rare
one is pedunculated and occasionally even
extends into the stomach. At times a necrotic
one communicates with the esophageal 
lumen, leading to gas and contrast within the
tumor.

Computed tomography identifies any exo-
phytic component. These tumors are isointense
with skeletal muscle on T1-weighted MRI and
hyperintense on T2-weighted MRI.

Other

Although liposarcomas are relatively common
throughout the body, they are rare in the eso-
phagus. Some appear polypoid, and imaging
suggests a fibrovascular polyp.

A hypopharyngeal liposarcoma grew submu-
cosally into the esophagus (85).

A rare malignant fibrous histiocytoma pres-
ents as a soft tissue polyp.

A carcinosarcoma is uncommon in the
esophagus. Histologically, these tumors show
elements of both squamous cell carcinoma and
sarcoma. Histogenesis is believed to involve
metaplasia of some carcinomatous cells toward
mesenchymal differentiation. Only rarely is a
carcinosarcoma a result of simultaneous adja-
cent tumor development from both epithelial
and mesenchymal tissue, identified by distinct
immunoreactive and genetic clonalities in the
two components.

Commonly a carcinosarcoma presents as an
intraluminal polyp mimicking a fibrovascular
polyp (Fig. 1.27).

Melanoma

Melanocytes are normally present in the
esophageal epithelium, and primary melanomas
develop in the esophagus, albeit rarely. Many
esophageal melanomas, however, are metastatic.
These are aggressive tumors associated with a
poor prognosis regardless of presentation or
appearance.

Common presentations are dysphagia or
odynophagia; melena is rare.

Primary melanomas range from an exo-
phytic, pedunculated polyp, often bulky, to an
infiltrative lesion, generally not obstructing but
distending the esophageal lumen (Fig. 1.28).
Endoscopic US shows some of these tumors to
be smooth-walled, have discrete margins, and
have varying echogenicity (86).

Metastatic melanomas tend to be flat and not
visualized with barium studies, although CT
and US detect any intramural or extrinsic 
extension.

Figure 1.27. A carcinosarcoma presents as an expansile intra-
luminal polyp (arrows). (Courtesy of Arunas Gasparaitis, M.D.,
University of Chicago.)
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Metastases or Direct Invasion

The esophagus is involved either by direct inva-
sion from adjacent structures or metastases.
Both result in dysphagia. Lung cancer is the
most common secondary malignancy involving
the esophagus. Breast cancer metastasis to the
esophagus is not uncommon, at times with a
latency of many years. A thyroid carcinoma or
other malignant tumor in the paraesophageal
tissues either invades or metastasizes to the
esophagus (Fig. 1.29). Rarely, renal carcinoma,
prostate carcinoma, or a bladder transitional
cell carcinoma metastasizes to the esophagus.
An often overlooked primary is a pancreatic 
tail carcinoma; these spread to the paraaortic
nodes, which then involve the distal esophagus
and gastroesophageal junction, with an imaging

appearance mimicking a primary gastroeso-
phageal carcinoma (Fig. 1.30).

Management of resultant esophageal narrow-
ing is difficult; these patients readily perforate
during bougienage and balloon dilation and
form fistulas.

Neuroendocrine Tumors

Neuroendocrine tumors are discussed in more
detail in Chapter 14.

Schwannomas

A cervical schwannoma in the retropharyngeal
tissues led to dysphagia (87); CT and T2-
weighted MRI showed a target lesion, suggestive
of a neurofibroma. Some peripheral schwanno-
mas do not enhance on MRI (88).

Figure 1.28. A,B: Two patients with primary esophageal malig-
nant melanoma. Both tumors have an intraluminal polypoid
appearance. Linear ulcers or fissures are evident in one (B). None
resulted in lumen obstruction. C: Oral contrast-enhanced CT
reveals an intraluminal tumor (arrow). Contrast surrounds this
primary esophageal malignant melanoma. (From Gollub MJ,
Prowda JC. Primary melanoma of the esophagus: radiologic and
clinical findings in six patients. Radiology 1999;213:97–100, with
permission from the Radiological Society of North America.)
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Granular Cell Tumors

Most granular cell tumors originate as a solitary
painless nodule in the skin, tongue, or larynx.
Also known as Abrikossoff ’s tumors and granu-
lar cell myoblastoma, they are rare in the gas-
trointestinal tract, with the esophagus being
most often involved. Even rarer are multifocal
granular cell tumors.

These tumors are not believed to originate
from muscle cells and thus are not of myoblas-
tic cell origin and the term granular cell

myoblastoma appears inappropriate. Investiga-
tors favor a neuroectodermal origin and, more
specifically, a peripheral nerve Schwann cell
origin. Histology and immunohistochemical
analysis provide a diagnosis. Their characteris-
tic morphologic feature is eosinophilic cyto-
plasmic granularity believed to represent an
accumulation of lysosome fragments (89), pos-
sibly due to a degenerative process. The vast
majority are benign, but an occasional malig-
nant one has generated considerable heat about
proper management. Some granular cell tumors

Figure 1.29. Thyroid carcinoma invading the esophagus. A: A
double-contrast esophagram shows an intraluminal tumor 
in the upper thoracic esophagus. B: Transverse postintravenous
gadolinium-enhanced T1–weighted MR image shows the tumor
to be separate from esophageal wall (arrows). Hyperintense oral
gadolinium surrounds the tumor. C: Sagittal T1–weighted image
outlines the tumor extending from the thyroid (curved arrow) into
the esophagus (straight arrows). (Reprinted from Cooney BS,
Levine MS, Schnall MD. Metastatic thyroid carcinoma presenting
as an expansile intraluminal esophageal mass. Abdominal
Imaging 1995;20:20–22, with permission from Springer.)
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are associated with epithelial hyperplasia and
undoubtedly are mistaken for squamous cell
carcinomas; endoscopic biopsies identify only
about half of these tumors.

A number of these tumors are discovered
incidentally. The larger ones result in dysphagia.
An occasional one ulcerates. Patients range in
age from young adulthood onward.

A barium esophagram reveals an intramural
tumor. The appearance is similar to that of a
small leiomyoma.

Endoscopic US shows a hypoechoic, solid,
intramural tumor (90).

Magnetic resonance imaging in a patient with
progressive dysphagia revealed a granular cell
tumor to be hypointense on T1-weighted
images and mildly hyperintense on T2-weighted
images (91); homogeneous contrast enhance-
ment was evident.

Carcinoids

Esophageal carcinoids are rare. The literature is
somewhat vague when describing these tumors
and such terms as atypical carcinoids and
esophageal endocrinomas are encountered, with
the latter term used to describe a number of
endocrine-active tumors.

When detected, most esophageal carcinoids
are small, solid intramural tumors. Both an
esophagram and endoscopy often simply iden-
tify a polyp (92); endoscopic US reveals a
sharply demarcated, hyperechoic mucosal
tumor.

Webs and Rings
Esophageal webs are thin membranes, 1 to 2 mm
in diameter, extending completely or partially
around the esophageal lumen. Most webs occur
singly and are located in the proximal esopha-
gus along the anterior border. Some are part of
a benign appearing stricture.

Most smaller webs are incidental findings;
more prominent ones are symptomatic (Fig.
1.31). No definite association exists between the
remaining esophageal lumen caliber and degree
of dysphagia.

Esophageal webs are amenable to balloon
dilation; they are readily dilated with 20-mm
diameter balloon catheters, a simple and effec-
tive therapy.

Figure 1.30. Pancreatic tail carcinoma spreading to paraaortic
nodes and invading distal esophagus.This appearance mimics a
primary gastroesophageal carcinoma.

Figure 1.31. Upper esophageal webs. No underlying disease
was found.
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Plummer-Vinson Syndrome
A combination of dysphagia, esophageal webs,
and iron-deficiency anemia is characterized as
the Plummer-Vinson syndrome. Patients are 
at increased risk of developing a postcricoid
carcinoma.

As already mentioned, these webs are readily
dilated.

Epidermolysis Bullosa
Epidermolysis bullosa, an inherited autosomal-
recessive autoimmune disorder, is characterized
by bullous lesions of the skin and bullae, ero-
sions, and ulcerations in the oropharynx and
esophagus. Occasionally the esophagus is
involved with no cutaneous manifestations.
These lesions heal by fibrosis and result in web-
like rings.

An association probably exists between epi-
dermolysis bullosa and Crohn’s disease.

These webs are readily balloon dilated,
although therapy often results in hemorrhage
and further fibrosis.

Pemphigoid
Cicatricial pemphigoid, also known as benign
mucous membrane pemphigoid, results in blis-
tering lesions in the skin and mucous mem-
branes. It rarely involves the esophagus, but
when present esophageal blistering results in a
web-like appearance, usually in the proximal
portion. Some webs evolve into single or multi-
ple strictures, and esophageal dilation is 
necessary.

One patient with cicatricial pemphigoid was
also found to have cervical esophageal intra-
mural pseudodiverticulosis (93).

Dilation, at times multiple, is required for
dysphasia induced by these webs. Dilation in
one patient led to an intramural dissection
extending from the cervical esophagus to the
esophagogastric junction (93).

Schatzki’s Ring
Occasionally a web-like narrowing is detected at
the distant end of the esophagus. Also called
lower esophageal ring or mucosal ring, this nar-
rowing contains not only mucosa but also other

esophageal wall layers; it does not represent 
the squamocolumnar-mucosal junction. These
rings, at most several millimeters in thickness,
are believed by some to be secondary to reflux
esophagitis, although their precise etiology is
unknown. They are more common in adults
than in children. Their prevalence is difficult to
gauge; many subtle ones are not detected on an
esophagram without full distention.

Schatzki’s rings that are less than 12 or 13 mm
in diameter lead to solid food dysphagia. An
associated hiatal hernias is common.

Progressive dysphagia to solid food and acute
food impaction are typical presentations; asso-
ciated esophagitis is common.

These rings are best studied with the esoph-
agus maximally distended with barium and gas.
An occasional subtle one is identified only with
a barium pill impacting at the ring.

Other Webs
Occasionally recurrent upper esophageal webs
and cricopharyngeal muscle spasms are 
associated with esophageal heterotopic gastric
mucosa.

Occasionally multiple esophageal webs are
detected in a patient with dysphagia, but no pre-
disposing condition is discovered; a congenital
etiology is often ascribed. Although these
patients respond to web dilation, dysphagia
often recurs.

Motility Disorders/Dilation
Dysphagia and Dysmotility
Dysphagia is a common condition and is rou-
tinely encountered in most practices. Anatomic
and functional abnormalities are common even
in young adults. In patients younger than 
30 years with dysphagia, a barium esophagram
was able to explain symptoms in 70% (94);
findings included achalasia, dysphagia lusoria,
esophagitis, esophageal dysfunction, stricture,
gastroesophageal reflux, and pharyngeal 
dysfunction.

A number of dysmotility findings are specific
for a particular disorder but some cannot be
pigeonholed into a specific category; these are
often given such terms as nonspecific esophageal
motility disorder or lower esophageal sphincter
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dysfunction. In many of these patients a barium
tablet is trapped in the proximal or mid-
esophagus and in some is associated with symp-
toms. Autonomic nerve function tests, which
assess parasympathetic vagal nerve function,
show that patients with a bolus-specific dys-
motility disorder have vagal nerve dysfunction
(95). Swallowing initiates an esophageal peri-
staltic contraction after a brief latency and it is
this interplay between inhibitory and contrac-
tile neurons that establishes subsequent con-
traction propagation velocity and amplitude.

Esophageal dysmotility has been reported 
in children who had been breast-fed by 
mothers who had silicone breast implants 
(96); the authors believed that dysmotility was
chronic.

About a quarter of hospitalized psychiatric
patients complaining of anxiety or depression
had an abnormal esophageal transit study 
as measured by krypton-81m scintigraphy 
(97).

Using a bolus at 22ºC and 60ºC, esophageal
scintigraphy and manometry in patients with
intermittent dysphagia found that hot water
accelerated esophageal clearance, decreased
amplitude and duration of esophageal con-
tractions, and improved symptoms (98);
whether this technique should have a role in
managing patients with motility disorders is not
clear.

Some patients with dysphagia have normal
imaging studies and normal endoscopies.
Empiric dilation has resolved symptom in some
patients with solid food dysphagia but not those
with a component of liquid dysphagia.

Penetration and Aspiration
Bolus penetration into the laryngeal vestibule 
is best approached with a videofluoroscopic
swallowing study, and this test is routinely per-
formed in swallowing centers.

Vagus nerve stimulation is used to treat
seizures, especially in children with mental 
and motor disabilities. Some of these children
with swallowing difficulties are prone to aspi-
rate when the stimulator is activated continu-
ously (99); the authors recommended that
swallowing function be assessed prior to the
start of vagus nerve stimulation in these 
children.

Premature Lower Sphincter Closure
Impaired relaxation of the lower esophageal
sphincter is associated with dysphagia. A classic
example is achalasia. Some patients with normal
sphincter relaxation have premature closure,
often associated with more proximal esophageal
peristaltic abnormalities, and with reflux sus-
pected as the underlying cause.

Achalasia
Primary

General

Achalasia is a chronic esophageal motor dis-
order characterized by disordered esophageal
peristalsis, often to the point of aperistalsis,
and failure of the lower esophageal sphincter to
relax. Some achalasia patients have motor dis-
turbances in other parts of the gastrointestinal
tract, even biliary tract, and associated abnor-
mal autonomic cardiovascular and other func-
tions. For instance, superior mesenteric artery
US in achalasia patients revealed a significantly
lower postprandial increase of peak systolic
velocity and a significantly higher postprandial
decrease of pulsatility index and resistance
index (100). An occasional patient also has
cricopharyngeal dysfunction. Incomplete upper
esophageal sphincter relaxation is associated
with achalasia—a finding rare in most other
motility disorders.

In general, the primary abnormality in acha-
lasia is incomplete relaxation of the lower
esophageal sphincter, although achalasia
patients with a normal lower esophageal sphinc-
ter relaxation have been described. Dilation and
aperistalsis of the more proximal esophagus
develop subsequently. For some reason esoph-
ageal bezoars are uncommon in achalasia.

Pathologically, patients with achalasia have
few or no ganglion cells, but show myenteric
inflammation, neural fibrosis, and often a gan-
glionitis (101); the number of remaining gan-
glion cells is inversely related to degree of
myenteric fibrosis. Advanced achalasia exhibits
marked myenteric ganglion cell depletion,
extensive neural destruction, and chronic
inflammation.

Mean duration of symptoms with newly diag-
nosed achalasia is generally years. A delay in
diagnosis is common.



38

ADVANCED IMAGING OF THE ABDOMEN

Vigorous Achalasia

Some patients with achalasia have prominent
but uncoordinated contractions in the body of
the esophagus, a condition termed vigorous
achalasia. Pathologically, this entity appears
distinct from classic achalasia; the number of
ganglion cells in patients with vigorous achala-
sia is normal. Patients have myenteric
inflammation, but no neural fibrosis (101).

Both manometry and barium studies are
useful in differentiating between vigorous acha-
lasia and more typical achalasia (Fig. 1.32).

Patients with vigorous achalasia also respond
to botulinum toxin injection.

Etiology

The familial form of achalasia rarely manifests
prior to puberty. The etiology of primary 
achalasia is unknown (secondary achalasia is
discussed later). A number of viruses have been
searched for, with disappointing results. An
inconclusive association between varicella

infection and achalasia has been raised. An
occasional patient develops concomitant acha-
lasia and Guillain-Barré syndrome, for which a
viral etiology is postulated.

A 25-year old woman developed both 
achalasia and megacolon (102); serology for
Trypanosoma cruzi was negative, and no neuro-
muscular disorders were evident. Whether this
is a rare and unique manifestation of a single
disease entity or whether it represents two dif-
ferent diseases is conjecture.

An achalasia-like condition occasionally
develops after esophageal and paraesophageal
surgery. Truncal vagotomy has been associated
with subsequent development of achalasia. This
is rare with a highly selective vagotomy.

Achalasia has developed in patients with mul-
tiple endocrine neoplasia syndrome type 2 and
in secondary amyloidosis. It is rare during 
pregnancy.

Diagnosis

Using manometry as a gold standard, video-
esophagography sensitivity in diagnosing acha-
lasia was 75% and scintigraphy achieved a
sensitivity of 68% (103), results lower than those
found in a number of clinical practices. In most
patients a diagnosis of achalasia with a barium
esophagram is straightforward. Vigorous acha-
lasia is more problematic. Of concern in all
these patients is not to miss the occasional
underlying carcinoma.

Gastroesophageal reflux is rare in untreated
achalasia and, if detected, should suggest
another diagnosis.

Endoscopic US of the lower esophageal
sphincter in patients with achalasia identifies
wider than normal longitudinal and circular
smooth muscle layers; overlap exists with nor-
mality, and a definitive diagnosis of achalasia
should be made with caution.

Scintigraphy detects radioisotope retention
in a dilated esophagus, a finding also seen with
other disorders.

Thyroid scintigraphy detects radioisotope
retention in a dilated esophagus, a finding also
seen with other disorders. 99mTc-pertechnetate
scintigraphy accumulation within a dilated
esophagus is presumably due to salivary gland
uptake and excretion of tracer with saliva.

Inhalation of amyl nitrate relaxes an other-
wise spastic lower esophageal sphincter, but this

Figure 1.32. Vigorous achalasia. A long, spastic distal
esophageal segment (arrows) mimics conventional achalasia.
This segment did distend occasionally, distinguishing it from 
a carcinoma. Uncoordinated contractions were present more
proximally (not shown).
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maneuver is rarely necessary or performed
when evaluating for achalasia.

Complications

A massively distended esophagus can cause 
tracheal compression and lead to respiratory
compromise and stridor; the trachea is usually
compressed at the thoracic inlet.

Patients with long-standing achalasia are at
increased risk of developing an esophageal 
carcinoma (Fig. 1.33). These carcinomas are
notoriously difficult to detect; they tend to be
diffuse, infiltrate submucosally, and develop
anywhere in the esophagus rather than being
limited to the distal segment.

Retrograde gastroesophageal intussusception
is a rare complication (104).

The esophageal wall in achalasia is not
unduly thickened. Thus any focal thickening,
detected by CT or other imaging, should raise
suspicion for a malignancy. Unfortunately, with
passage of time many of these patients have
already undergone botulism injections, endo-

scopic dilations, and a possible myotomy, ther-
apies associated with fibrosis and esophageal
wall distortion and thickening.

Treatment

Therapy of achalasia consists of a reduction of
the lower esophageal sphincter pressure, leading
to improved esophageal emptying. Currently
botulinum toxin injection is in vogue, with dila-
tion and myotomy reserved for more complex
situations. Calcium channel blockers and
nitrates, which were used in the past, are cur-
rently rarely employed.

Botulinum toxin injection into the gastro-
esophageal junction improves symptoms in
patients with idiopathic achalasia and are 
occasionally also useful in other, nonachalasia
esophageal motility disorders. Treatment with
botulinum toxin appears to be as effective as
pneumatic dilation in relieving symptoms 
and improving esophageal function. In most
patients, however, symptoms gradually recur,
patients become less responsive to subsequent
botulinum toxin injection, and the interval
between injections shortens to the point that
other therapies such as pneumatic dilation or
myotomy are contemplated. Response rate to
botulinum is greatest in older patients.

Lower esophageal sphincter pneumatic dila-
tion relieves dysphagia for varying lengths of
time. This procedure is generally performed
under fluoroscopic guidance although some
gastroenterologists use endoscopic guidance. At
times several balloons in tandem are required to
achieve adequate dilation.

Esophageal intramural hematoma and perfo-
ration are known risks of pneumatic dilation.
Complications of pneumatic dilation appear to
be underestimated and underreported. A com-
plaint of prolonged postdilation chest pain 
suggests a perforation. Some patients develop a
diverticular-like outpouchings at the gastric
cardia, and dilation should be approached cau-
tiously in the presence of a diverticulum close
to the lower esophageal sphincter due to an
increased risk of perforation.

Most gastroenterologists believe that a Heller
myotomy is the surgical procedure of choice
only after failure of medical therapy. Surgeons
disagree and believe that a surgical myotomy
rather than balloon dilatation should be per-
formed even for early achalasia. A myotomy

Figure 1.33. Adenocarcinoma in a patient with long-standing
achalasia. The narrowed segment (arrow) is longer than usually
seen in achalasia and it never changed shape, indicative of
stenosis rather than spasm.The distended more proximal esoph-
agus containing secretions can be seen both with primary acha-
lasia and a cancer.
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relieves dysphagia in over 90% of patients, and
they are able to return to a normal diet.

In a prospective, randomized clinical study of
the initial stages of megaesophagus managed
either by hydrostatic dilation or esophagocar-
diomyotomy with esophagofundopexy, clinical,
radiographic, endoscopic, manometric, and pH
follow-up for 3 years showed both treatments to
be similar in ameliorating dysphagia, patients
had similar esophageal emptying, and both
groups developed a reflux esophagitis rate of
5%, although surgery led to a significantly
greater reduction of the lower esophageal
sphincter pressure (105).

A Heller myotomy is performed either
through a thoracotomy or through the
abdomen. A transabdominal laparoscopic tech-
nique is gaining popularity. The operation 
consists of dividing the lower esophageal circu-
lar muscles. An antireflux procedure such as a
fundoplication is often added. Whether adop-
tion of a laparoscopic approach will lead to an
earlier surgical referral for these patients, who
often undergo multiple endoscopic dilations,
remains to be seen.

On a long-term basis, an esophageal stricture,
presumably secondary to reflux, is a complica-
tion of a myotomy performed for achalasia.

Some patients have a return of peristalsis
after a myotomy, especially those with a previ-
ous short history of dysphagia and those with
limited dilation.

A rare giant epiphrenic diverticulum develops
years after a Heller myotomy for achalasia.

Secondary

Neoplastic

Occasionally a patient with a gastroesophageal
sphincter region malignancy develops clinical
and radiographic findings suggesting achalasia.
This condition, which is sometimes called
pseudoachalasia, is best termed secondary acha-
lasia. Most of these underlying neoplasms are
small, intramural in location, range from
esophageal and gastric primary tumors to
metastases, and many are covered by normal
overlying mucosa. Both endoscopic biopsy and
barium studies tend to be nondiagnostic; even
CT has overlooked these lesions. Manometry
likewise is not helpful. Thus even with negative
radiographic studies and biopsy results, in the

face of clinical suspicion of an underlying
malignancy, follow-up studies are warranted.

At times achalasia secondary to a malignancy
responds to botulinum toxin injection, thus
further confusing the issue. The narrowed
segment is eccentric or nodular; it contains
abrupt borders in only about half of patients
with secondary achalasia, and the tumor can be
identified in only a minority (106).

Chagas’ Disease

Chagas’ disease is a chronic infection caused 
by the parasite Trypanosoma cruzi, which is
endemic in Latin America. The parasite is trans-
mitted by hematophagous bugs, which are espe-
cially prevalent in rural regions. High tissue 
and blood parasite levels are found during the
acute phase, which evolves into an asymp-
tomatic carrier phase, which in turn evolves 
into a chronic phase one or several decades 
later, most often manifesting through cardiac
abnormalities.

The presence of Chagas’ disease is deter-
mined with a serologic test. Dysphagia often
precedes any visible esophageal abnormalities.
Esophageal findings in infected patients range
from normal, a prolongation of contractions in
the middle and distal esophageal segments, to
the other extreme of a megaesophagus. Once a
megaesophagus is established, aperistalsis and a
nonrelaxing lower esophageal sphincter are
obvious.

Scintigraphy performed with the patient in 
a recumbent position is a sensitive test for
detecting esophageal dysmotility in these
patients.

Amyloidosis

Esophageal involvement by amyloidosis is rare,
but it is a cause of esophageal motor abnor-
mality. Secondary esophageal amyloidosis is
associated with rheumatoid arthritis. Clinically,
endoscopically, and radiologically, the appear-
ance mimics that of primary achalasia.

Progressive Systemic 
Sclerosis (Scleroderma)
Considerable variability in esophageal motility
exists in asymptomatic scleroderma patients,
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especially early in their disease; this limits
scintigraphy as an initial screening test. Using
manometry as a gold standard, videoesopha-
gography achieves a sensitivity of 95% to 100%
in diagnosing systemic sclerosis; specificity,
however, is considerably lower.

In an occasional patient an apparent causal
relationship exists between a cancer and pro-
gressive systemic sclerosis.

A barium study in uncomplicated sclero-
derma is diagnostic (Fig. 1.34). Once a stricture
develops due to reflux, the overall appearance
mimics achalasia, or, if proximal dilation is only
mild, a reflux esophagitis stricture. Rarely, wide-
mouthed sacculations develop (107).

Myasthenia
Myasthenia gravis is an autoimmune disorder
leading to muscle weakness. Dysphagia is
common with oropharyngeal muscle involve-
ment. Imaging findings tend to be nonspecific.

Diffuse Esophageal Spasm
Often called nutcracker esophagus, diffuse
esophageal spasm is a primary esophageal

motor disorder and is a cause of noncardiogenic
chest pain. Dysphagia is common. The exagger-
ated and disordered esophageal contractions
are familiar to most radiologists.

Compared to manometry, videoesophagogra-
phy achieved a sensitivity of 100% in diagnos-
ing diffuse esophageal spasm, whereas the
sensitivity for scintigraphy was 67% (103).

Computed tomography reveals smooth,
symmetric, circumferential esophageal wall
thickening involving the distal two thirds 
(108); the periesophageal fat is normal in
appearance. Endoscopic US also readily meas-
ures esophageal muscle width. Distal esophageal
wall thickness was readily evaluated by older
gastrointestinal radiologists who would coat the
esophageal mucosa with barium and identify
the outer esophageal wall surface by air in 
adjacent lung.

Therapy in these patients is symptomatic and
usually consists of lower esophageal dilation.
Similar to achalasia, lower esophageal sphincter
botulinum toxin injection also improves 
symptoms.

Stroke
Swallowing problems are common during the
acute phase after a stroke but most resolve
within weeks or several months. Thus aspiration
is common immediately after a stroke, detected
by videofluoroscopy, but eventually resolves in
most patients.

Myotonic Dystrophy
Myotonic dystrophy, a multisystemic disorder,
is inherited as an autosomal-dominant trait.
In most patients systemic rather than gastro-
intestinal involvement predominates.

Manometry in patients with myotonic dys-
trophy reveals a reduction in resting tone of
both upper and lower esophageal sphincters
and reduced contraction pressure both in the
pharynx and esophagus (109); videofluorogra-
phy shows a hypotonic pharynx and a hypotonic
or atonic esophagus is often dilated. These
findings are not always associated with 
dysphagia.

Distal esophageal involvement suggests that
in myotonic dystrophy both striated and
smooth muscles may be affected.

Figure 1.34. Scleroderma. A patulous esophagogastric junction
(arrows) and lack of esophageal peristalsis point toward sclero-
derma. A hiatal hernia is also present.
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Globus Pharyngis
A feeling of a lump in the throat, often more
prominent during swallowing, was previously
called globus hystericus. Globus pharyngis has
several connotations; some use this term to des-
ignate the clinical symptomatology, regardless
of whether any underlying disorder is iden-
tified, and others limit the term to a diagnosis
when other abnormalities are excluded. Etiol-
ogy of globus pharyngis is not known, although
gastroesophageal reflux has been postulated to
play a role. These patients usually do not have
dysphagia.

Esophageal manometry in consecutive
patients with a globus sensation without dys-
phagia at Helsinki University Hospital detected
an abnormality in 67% of these patients, most
often consisting of a nonspecific motility disor-
der, and 62% also had a positive Bernstein test
(110).

Published imaging studies do not agree. Some
have found normal pharyngeal function and
normal pH monitoring, with only an occasional
cricopharyngeus muscle dysfunction; others,
however, describe pharyngeal stasis, pharyn-
goesophageal sphincter dysfunction, and 
nonspecific esophageal peristalsis common;
videofluoroscopy combined with static radiog-
raphy yields more abnormalities than either
study alone.

Oculopharyngeal Muscular
Dystrophy
Oculopharyngeal muscular dystrophy is a
genetic disorder consisting of progressive
myopathy involving primarily head and neck
muscles. The dysphagia that these patients
develop, typically in midlife, is attributed to
pharyngeal and upper esophageal striated
muscle involvement. Because of a gradual onset
of symptoms, some patients develop compensa-
tory mechanisms to cope with their dysphagia
even in the face of overt radiologic and mano-
metric findings.

Endoscopy, manometry, and scintigraphic
esophageal emptying studies found low pha-
ryngeal pressures, disordered, nonpropulsive
peristalsis, and stasis in the middle and lower
thirds of the esophagus (111); smooth muscle
involvement thus probably also has a role in
causing dysphagia in these patients.

Arnold-Chiari Malformation
Dysphagia is occasionally seen in this condition
of hindbrain herniation, although in most
patients neurologic symptoms predominate. An
occasional patient develops disordered esop-
hageal motility and gastroesophageal reflux
prior to a diagnosis of Arnold-Chiari malfor-
mation; dysphagia and esophageal manometric
abnormalities can resolve following posterior
craniotomy and decompression.

Parkinson’s Disease
Dysphagia is common in Parkinson’s disease,
with resultant aspiration accounting for a large
part in these patients’ morbidity and mortality.
They have abnormalities in oral, pharyngeal,
and esophageal phases of swallowing. Neverthe-
less, the clinical severity of Parkinson’s disease
does not predict either the presence or the
severity of dysphagia.

Most patients develop an abnormal oral
phase consisting of residue and intermittent
deglutition (112); pharyngeal phase abnor-
malities include stasis and delayed laryngeal
elevation. Pharyngeal transit and upper
esophageal sphincter relaxation are delayed in
those with aspiration, with the overall findings
suggesting bradykinesia. Occasionally the upper
esophageal sphincter does not relax completely.
Abnormal esophageal peristalsis, a delay in
opening of the lower esophageal sphincter, and
increased gastroesophageal reflux are found in
these patients (113).

Progressive Supranuclear Palsy
Progressive supranuclear palsy, a degenerative
extrapyramidal disease, mimics Parkinson’s
disease. Dysphagia is common. Uncoordinated
lingual movements, excessive oral bolus leakage
to the pharynx, vallecular stasis, and abnormal
epiglottic motion are common.

Sjögren’s Syndrome
Sjögren’s syndrome affects the salivary glands.
Dysphagia in these patients is primarily due 
to resultant xerostomia. About one third of
patients have abnormal esophageal peristalsis
associated with severe dysphagia. Some patients
also develop esophageal webs.

MALT lymphomas develop in some patients,
usually in organs targeted by Sjögren’s syn-



43

ESOPHAGUS

drome, and these lymphomas tend to spread to
other mucosal sites (114).

Celiac Disease
Dysphagia tends to develop in patients with well-
established celiac disease; various motor abnor-
malities are detected in some of these patients.

Cervical Osteophyte Dysphagia
Although cervical osteophytes are common,
dysphagia associated with these osteophytes is
not. In an occasional patient dysphagia develops
with moderate-size osteophytes. Complicating
the picture is that osteophytes are often present
in elderly patients with dysphagia due to neu-
rogenic causes.

Dysphagia Aortica
Dysphagia aortica is secondary to compression
of the distal esophagus by the descending aorta
and cardiac structures. Such esophageal com-
pression is detected rather frequently, although
dysphagia is uncommon. Usually the most
severe esophageal compression is close to the
gastroesophageal junction.

Other Disorders
Swallowing dysfunction is common in patients
with the Guillain-Barré syndrome. Either oral
phase, pharyngeal phase, or both are involved.
Most severe dysfunction occurs during the
acute episode, but some patients have residual
swallowing dysfunction after the acute attack
clears.

Swallowing abnormalities are common in
multiple sclerosis patients, even in asympto-
matic ones (115). Dysphagia generally is associ-
ated with aspiration.

Diverticula
Conventional
A distinction between a true diverticulum (con-
taining all esophageal wall layers) and a false
diverticulum is of academic interest only.

An esophageal intraluminal diverticulum is
rare. Its etiology is not known, but pathogenesis

centers around specific muscle weakness. Prior
trauma appears to play a role in some.

Being lined by esophageal mucosa, it is not
surprising that an occasional diverticulum
develops a carcinoma.

Zenker’s Diverticula
A pharyngoesophageal diverticulum occurs in a
weak zone between the inferior pharyngeal con-
strictor muscles and cricopharyngeus muscle.
The pathophysiology of their formation is not
settled; proposed mechanisms include swallow-
ing muscle incoordination, cricopharyngeal
achalasia, and even gastroesophageal reflux,
although most diverticula are not associated
with cricopharyngeal muscle discoordination.
Nevertheless, a number of surgeons believe that
their recurrence rate is increased if a cricomy-
otomy is not performed.

These diverticula are common. Most smaller
ones are asymptomatic, with an occasional
small one producing a foreign body sensation.
Retention of secretions is common, and reflux
of barium from the diverticulum into the
hypopharynx and subsequent aspiration are a
known complication. At times stasis leads to a
bezoar forming within the diverticulum. When
the diverticulum is large, it compresses the
esophagus and leads to dysphagia. A diverticu-
lum is not an uncommon site for perforation
when inserting tubes or endoscopes.

Most of these diverticula expand posterolat-
eral and inferiorly.A rare one extends superiorly
into the posterior pharyngeal space. A barium
esophagram detects even a small Zenker’s diver-
ticulum. Its inner margin should be smooth.
Aside from secretions or a bezoar, any irregu-
larity should suggest either inflammation or a
neoplasm.

In the United States, diverticulectomy is the
traditional therapy, often combined with a
cricopharyngeal myotomy. Some surgeons
emphasize diverticulopexy, a procedure pre-
ferred in high surgical risk patients. In Europe,
an endoscopic approach is preferred, with the
septum between the diverticulum and eso-
phageal lumen being sectioned.

Complications after an open diverticulec-
tomy include mediastinitis, stenosis at the
sphincter level, fistula, and diverticula recur-
rence. A pneumomediastinum develops in a
minority after endoscopic diverticulotomy.
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A pouch can no longer be recognized on a
postoperative barium study, although after the
endoscopic Dohlman procedure a pouch does
persist.

Killian-Jamieson Diverticula
Lateral hypopharyngeal pouches, also called
Killian-Jamieson diverticula, are uncommon.
Most are asymptomatic, with an occasional one
resulting in dysphagia. They tend not to be asso-
ciated with aspiration.

These diverticula are detected with a frontal-
view pharyngogram. A pseudo–Valsalva
maneuver aids in identifying them. Unilateral
left-sided diverticula are more common than
bilateral or right-sided ones (116).

(Pseudo)diverticulosis
Occasionally encountered are multiple small
diverticular-like outpouchings. Etiology of this
condition, commonly called intramural
esophageal pseudodiverticulosis, is unknown.
These outpouchings are believed to represent
dilated esophageal submucosal glands, probably
induced by underlying inflammation. They 
have developed distal to a benign stricture,
in esophageal candidiasis, have been described 
in vigorous achalasia, are associated with an
esophageal carcinoma, and have developed 
following laser therapy. These outpouchings
resolved after radiation therapy for cancer.

Dysphagia is inconstant.
Associated intramural tracking is rather

common, especially in patients with diffuse
pseudodiverticulosis (117).

Intramural pseudodiverticulosis is readily
diagnosed with a barium esophagram. In some
patients it is localized, whereas in others it
extends diffusely throughout the esophagus.
Endoscopy may not detect it because the
luminal communications tend to be rather
narrow.

Fistula
Some acute perforations (discussed in the pre-
vious sections on trauma) evolve into fistulas.
Most acquired esophageal fistulas in adults are
associated with a malignancy. Nonmalignant

fistulas are secondary to erosion by tubes,
esophageal or adjacent inflammation/infection,
related to surgery, or sequelae of prior perfora-
tion (Fig. 1.35).

A tracheoesophageal fistula developed sec-
ondary to ingestion of a disk battery (118).

Vascular Lesions
Dieulafoy Lesions
Dieulafoy esophageal lesions are uncom-
mon. These arteriovenous malformations may
bleed, with the patient presenting with massive
hematemesis.

Varices
Clinical

Portal hypertension is discussed in more detail
in Chapter 17.

In cirrhotic patients with portal hyperten-
sion, esophageal varices are the most common
site for portosystemic shunting. Most varices
eventually drain into the azygos or hemiazygos
veins.

Figure 1.35. Esophagocutaneous fistula. A catheter was
threaded into a sinus tract on the patient’s back (arrow); injected
contrast outlines the esophagus.
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Variceal bleeding tends to develop when the
portal pressure gradient (portal vein pressure
minus inferior vena caval pressure) is above 
12 mm Hg. This is not an absolute value, of
course, and some patients bleed at lower portal
pressure gradients.

Imaging

An initial assessment should include a portal
vein study, together with its major branches.
Ultrasonography, including color Doppler US,
identifies portal vein blood flow, establishes
patency, and detects any portal thrombi.

Both barium studies and CT readily detect
esophageal varices (Fig. 1.36). Their comparable
accuracy is not known. Varices are readily
apparent on contrast-enhanced CT; unen-
hanced, they tend to mimic adenopathy.
Computed tomography also detects deeper per-
forating veins in the distal esophagus that inter-
connect paraesophageal veins with submucosal
veins, a finding also identified by endoscopic
US, although bleeding is usually from more
superficial ones. Presumably the perforating
veins play a role in variceal recurrence after
sclerotherapy.

Transabdominal US is not often used to
detect esophageal varices, yet in 47 patients with
cirrhosis or idiopathic portal hypertension US
achieved a respectable 93% sensitivity and 82%
specificity when an esophageal wall thickness of
at least 5 mm or an irregular wall outline were
used as criteria for esophageal varices (119).
Another US findings of varices includes hepato-
fugal venous flow identified by Doppler US.

Senior radiologists undoubtedly remember
being taught that subtle esophageal varices are
best identified not at the gastroesophageal 
junction (high pressure zone) but slightly more
proximally. Endoscopic US confirms this obser-
vation. Endoscopic US also measures size of
esophageal varices and wall thickness, but 
limitations exist; in particular, small varices are
difficult to identify with endoscopic US.

In patients with Child-Pugh class A cirrhosis
without ascites, an increased renal resistive
index (>0.7), measured by duplex Doppler US,
significantly correlates with the presence of
esophageal varices (120).

T2-weighted MRI using an esophageal
receiver probe is an alternate method of evalu-
ating not only esophageal but also periesop-
hageal varices. Magnetic resonance angio-
graphy (MRA) also identifies both esophageal

Figure 1.36. Esophageal varices. A: Beaded esophageal folds are evident with the esophageal lumen collapsed. B: Larger varices
present even with the lumen distended. Esophagitis does not result in beaded folds.

A B



46

ADVANCED IMAGING OF THE ABDOMEN

and gastric varices. It is also useful in detecting
variceal recurrence after sclerotherapy.

Therapy

Medical

An initial approach in cirrhotic patients is drug
therapy to reduce portal hypertension and thus
reduce risk of variceal bleeding, with the most
widely used being beta-blockers (medical and
surgical therapies of bleeding esophageal
varices are discussed in more detail in Chapter
17). Vasopressin infusion is often used as initial
therapy for acute variceal bleeding.

On a chronic basis, medical therapy, scle-
rotherapy, varix ligation, or TIPS significantly
reduces the risk of recurrent bleeding. Differ-
ences in mortality, however, have been variable.
In selected patients liver transplantation is a
consideration. Recommendations for use of
these various therapies abound in the clinical
literature.

Sclerotherapy

In many institutions endoscopic sclerotherapy
is the initial therapy for acute esophageal
variceal bleeding. A number of studies confirm
that the risk of rebleeding and mortality are
significantly reduced by sclerotherapy, but
success in arresting acute variceal bleeding is
not universally achieved. Sclerotherapy and
medical therapy probably have similar mortali-
ties. Endoscopic therapy fails in about 15%.

Most often sclerotherapy is performed in a
setting of portal hypertension due to cirrhosis,
but esophageal varices in patients with noncir-
rhotic portal fibrosis have also been effectively
treated. Sclerotherapy is readily performed in
children.

Endoscopic US appears useful in evaluating
and following varices after both sclerotherapy
and ligation. Presence and size of residual
paraesophageal varices can be evaluated.

Is it possible to gauge whether esophageal
varices will recur after endoscopic sclerother-
apy? The answer depends to some degree on
whether other collateral channels are present.
Presence or development of other portosys-
temic collaterals protects to some degree against
recurrent esophageal varices after sclerother-
apy. Also, a portal pressure increase or

splenomegaly developing after sclerotherapy
indicates an increased risk for variceal 
recurrence.

Contrast-enhanced CT postsclerotherapy
reveals an enhancing and thickened esophageal
wall. The involved esophageal segment is dis-
torted and narrowed. Edema, mediastinal 
effusion, and pleural effusion develop in some
patients.

Intramural thickening and disappearance 
of submucosal varices and extramural collater-
als are endoscopic US findings after sclero-
therapy. Ultrasonography determines whether
adequate variceal thrombosis was induced by
sclerotherapy.

Barium studies and scintigraphy reveal unco-
ordinated peristaltic contractions and a marked
increase in esophageal transit time shortly 
after sclerotherapy. Many of these patients 
also develop transient gastroesophageal reflux.
These peristaltic abnormalities presumably 
are due to a sclerotherapy-induced chemical
esophagitis, possibly accentuated by peptic
esophagitis. In fact, most rebleeding after 
sclerotherapy is believed to be secondary to
esophageal ulcerations related to sclerotherapy.
These ulcers are difficult to detect because of
underlying distortion. They heal either with no
sequelae or progress to strictures, with an 
occasional one evolving into a sinus tract, an
esophagotracheal or esophagopleural fistula, or
even an abscess.

The effect of sclerotherapy on esophageal
motility appears to be more complex than
described above and probably is multifactorial.
Thus amplitude of esophageal peristaltic con-
tractions also increase after TIPS, yet resting
lower esophageal sphincter pressure is similar
before and after TIPS (121); TIPS thus improves
esophageal motor function without inducing
gastroesophageal reflux.

Sclerotherapy does not increase the risk of
developing portal vein thrombosis, but patients
with portal hypertension and varices are at
increased risk for developing bacterial peritoni-
tis, and sclerotherapy appears to accentuate this
risk.

Several patients with esophageal varices,
treated by sclerotherapy, later developed a car-
cinoma near the gastroesophageal junction and
at sclerotherapy sites (122,123); whether this 
is a coincidence or whether sclerotherapy is
indeed carcinogenic is speculation.
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Ligation

Similar to sclerotherapy, endoscopic band liga-
tion of a varix is effective therapy. Nevertheless,
there are differences. Summarizing the pub-
lished data, endoscopic variceal sclerotherapy
and ligation appear equally effective in arrest-
ing an acute bleed; ligation requires fewer 
treatment sessions and is associated with fewer
complications, but ligation has a higher variceal
recurrence rate than sclerotherapy. A number of
investigators believe that ligation should be the
first choice therapy for esophageal varices.

After endoscopic variceal ligation an
entrapped varix undergoes thrombosis, slough-
ing, and surrounding fibrosis.

Imaging shortly after ligation reveals ligated
varices as smooth nodules that do not change
shape, thus distinguishing them from typical
varices. Their appearance does mimic other
esophageal tumors, but a history of ligation aids
in differentiation.

Endoscopic variceal ligation also leads to
increased peristaltic activity and prolonged
lower esophageal sphincter relaxation.

Other Procedures

Patients with portal hypertension and
esophageal varices have also been treated, by
TIPS, esophageal transection and devascular-
ization, and by a number of portocaval anasto-
moses. Embolization of esophageal varices and
other endovascular occlusion techniques had 
a greater role in the past and have been sup-
planted to a large extent by TIPS. To cite one
example of embolization, hematemesis from
esophagojejunal varices 5 years after total gas-
trectomy and Roux-en-Y esophagojejunostomy
for carcinoma was treated by embolization after
percutaneous transhepatic portography showed
that these varices were supplied by an ascend-
ing jejunal vein (124) (Fig. 1.37).

Figure 1.37. A: A superior mesenteric venogram, performed via percuta-
neous transhepatic catheterization in this patient with a total gastric resec-
tion, reveals esophagojejunal varices supplied by jejunal veins (arrow).B: Both
ethanol and ethanolamine oleate containing iopamidol are injected into the
varices through a 3-French catheter. C: Follow-up venogram confirms variceal
obliteration. [From Chikamori et al. (138), with permission from Springer.]

A

B

C
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Immunosuppression
AIDS
Infection

Dysphagia and odynophagia are common in
patients infected with the immunodeficiency
virus. The most common infection is candidia-
sis. If an esophagram reveals ulcerations,
infection by cytomegalovirus or herpes simplex
should be suspected. The HIV infection per se
may result in esophageal ulcers. More than one
cause is not uncommon. The specific agent
responsible for ulcerations should be sought
because therapy is specific. Idiopathic ulcers are
treated with steroids.

An occasional AIDS patient with odynopha-
gia develops giant esophageal ulcers. Fragments
believed to represent HIV virus are obtained
from some of these giant ulcers, which tend to
be long and shallow, and some are surrounded
by a rim of soft tissue.

Candidiasis

With increasing severity of Candida infection,
initial discrete scattered plaques coalesce and
narrow the esophageal lumen; these plaques
consist primarily of desquamated squamous
epithelium and inflammatory cells, Candida sp.,
and superimposed bacterial infection. Although
ulcers are a common finding in Candida
esophagitis, most are not due to Candida alone.
Untreated, Candida esophagitis can progress to
stenosis.

Viral

Cytomegalovirus esophageal infection is not
uncommon in immunocompetent patients. A
common finding consists of well-circumscribed
multiple, large, but shallow discrete ulcers,
although at times inflammation resembles 
a carcinoma. An occasional ulcer evolves into 
a bronchoesophageal fistula. Occasionally a
cytomegalovirus ulcer heals spontaneously.

In distinction to cytomegalovirus infection,
herpes ulcers tend to be small, at times even pin-
point, and multiple in otherwise normal-
appearing mucosa (Fig. 1.38). Simultaneous
herpes and Candida esophagitis is not uncom-

mon and results in a diffuse and irregular
appearance.

The HIV esophagitis results in large shallow
ulcers and, in absence of other predisposing
causes, such a finding should suggest AIDS.

Imaging appearance of cytomegalovirus 
and HIV esophagitis is similar, and biopsy or
mucosal brushing is necessary to differentiate
between them (HIV esophagitis is one of
exclusion).

Other

Similar to infections at other body sites,
these patients are prone to develop unusual
esophageal infections. Esophageal involvement
with tuberculosis, actinomycosis, mucormyco-
sis, and leishmaniasis has been reported 
(Fig. 1.39). Actinomyces superinfection of a
cytomegalovirus ulcer has led to numerous
sinus tracts.

Microorganisms are identified in about half
of esophageal biopsies from AIDS patients 
with clinical esophagitis.Acid-fast bacilli should
be searched for; in some of these patients no
underlying giant cells are detected.

Figure 1.38. Herpes esophagitis in an AIDS patient manifesting
with thickened folds and an occasional small ulcer.
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Bacillary angiomatosis, due to Rochalimaea
henselae infection, causes multiple, diffuse,
friable esophageal polyps.

Tumor

The most common esophageal tumors in AIDS
patients are Kaposi’s sarcoma and non-
Hodgkin’s lymphoma (Fig. 1.40). Some lym-
phomas are primary esophageal and consist of
large, ulcerating tumors mimicking a sarcoma.
Infection, at times with an unusual organism,
coexists with some esophageal lymphomas. The
occasional Barrett’s adenocarcinoma may be
fortuitous.

An inflammatory fibroid polyp presented as a
long submucosal mass in the distal esophagus.

Radiation therapy has been used to treat
esophageal malignancies in AIDS patients.
These patients appear to have greater sensitiv-
ity to radiation therapy than non-AIDS patients.

Posttransplant
Esophageal webs and strictures develop in
graft-versus-host disease. These strictures
mimic those seen in reflux esophagitis. Large
esophageal bulla have been reported in patients
after bone marrow transplantation (125);

Figure 1.39. Esophageal actinomy-
cosis in an AIDS patient with 
severe dysphagia. A,B: Two studies
show numerous deep ulcers,
some extending parallel to the
esophageal lumen. A B

Figure 1.40. High-grade, large-cell malignant lymphoma in an
HIV patient. A barium esophagram reveals an irregular,
almost tube-like esophagus containing extensive ulcers. (From
Marnejon T, Scoccia V. The coexistence of primary esophageal
lymphoma and Candida glabrata esophagitis. Am J Gastroen-
terol 1997;92:354–356, with permission from Blackwell.)
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whether these are due to a superimposed 
infectious agent or graft-versus-host disease is
conjecture.

Postoperative Changes
Pharyngeal Surgery
Postoperative pharyngography is helpful in 
following patients after oropharyngeal surgery.
Considerable variability exists in the imaging
findings and a baseline postoperative imaging
study is very helpful in these patients (126).
Knowledge of the specific surgical procedure
performed aids in differentiating postsurgical
fibrosis from tumor recurrence.

Transplanted jejunal patches are used to
reconstruct oropharyngeal soft tissue defects.
Transplant viability is maintained via vascular
anastomoses. Tumors tend to recur at patch
margins. Needless to say, such transplanted
tissue has a complex CT and MRI appearance
during follow-up due to the degree of underly-
ing fibrosis, and differentiation from recurrent
tumor is difficult. Nevertheless, these imaging
studies are especially useful with tumor recur-
rence beneath a patch, where clinical access is
not feasible.

Postesophagectomy
Gastric pull-through with a cervical esopha-
gogastric anastomosis is a common procedure.
Some patients are not given anything per os
until an esophagram has excluded a perforation
or obstruction. The study also determines how
well the intrathoracic stomach empties. Some
surgeons advocate peroral water feeding to
detect leaks. Many radiologists use a water-
soluble contrast agent for this examination.
Because of a potential for aspiration, unless an
acute intraperitoneal communication is sus-
pected, I prefer barium as a contrast agent. After
major barium aspiration delayed CT identifies
thickened interlobular septa, subpleural lines,
subpleural cysts and centrilobular nodules with
barium particles, findings of mild but silent
fibrosis (127).

Some patients develop dysphagia years after
colonic interposition. Usually by that time
marked colonic redundancy has developed and
accounts for dysphagia.

Celiac disease became clinically evident in a
woman after vagotomy and esophagectomy for
hypopharyngeal squamous carcinoma (128);
presumably her postoperative hypocalcemia
unmasked indolent celiac disease.

An uncommon way of demonstrating an
anastomotic leak is with Tc-99m-HIDA 
scintigraphy.

Examination Complications
The choice of contrast agent to be used in a
setting of a suspected esophageal perforation
was discussed above (see Perforation).

Endoscopy Related
The most common endoscopy-related compli-
cation is perforation. Postprocedure pain is
common with a perforation but it sometimes
manifests later. Oral contrast for imaging
studies should be used with caution until topical
anesthesia and sedation wear off. Initially, an
esophagram generally has a highest yield, but
CT is appropriate once enough time elapses for
inflammation or abscess to develop (Fig. 1.41).

Figure 1.41. Esophageal perforation secondary to endoscopic
dilation. Contrast outlines a mid-esophageal cavity (arrow).
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Stricture Dilation
Both benign and malignant stricture dilation
result in perforation. Risk of perforation varies
not only with underlying disease but also with
how vigorous an attempt is made. Perforations
range from intramural, transmural, to trans-
mural with mediastinal leakage. Most perfora-
tions are managed medically, with only an
occasional one requiring surgical correction.
Some, especially if a fistula is evident, are suc-
cessfully treated with a stent.

Surgery
Tumor recurrence developed at a thoracoscopic
port site after thoracoscopically assisted total
esophagectomy for squamous cell carcinoma
(129); of interest is that the original tumor was
not extracted through this port site.

An occasional neoplasm develops in an inter-
posed colon years after esophageal resection
and colonic interposition.
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Technique
Contrast Studies
High-density, low-viscosity barium sulfate
preparations specially formulated to coat the
acidic gastric mucosa are used for double-
contrast upper gastrointestinal studies. Some
radiologists routinely induce gastric hypotonia,
whereas others believe that any improvement in
study quality due to hypotonia is limited. If
hypotonia is preferred, in the United States the
hypotonic agent glucagon is used, but in many
other parts of the world scopolamine methyl-
bromide (Buscopan) is employed, except in
elderly patients or those where the side effects
of scopolamine contraindicate its use and
glucagon is then substituted. Pirenzepine, a
selective antimuscarinic drug, appears as effec-
tive as scopolamine in inducing gastroduodenal
hypotonia but without the undesirable side
effects (1).

Water soluble agents are discussed in Chap-
ter 4.

In the United States considerable low-
resolution digital radiography equipment has
been installed, with the primary justification
being ease of filming (radiation dose is a sepa-
rate and complex issue). High-resolution 
digital radiography equipment is becoming
available; thus digital radiography with a four
million pixel charge-coupled device achieves a
significant improvement over conventional
radiography in detecting gastric cancer (2).

Computed Tomography

Computed tomography (CT) contrast agents
suitable for upper gastrointestinal tract
opacification are similar to those used in the
small bowel.Vomiting after ingesting an oral CT 
contrast agent is not uncommon. Espe-
cially in trauma patients, premedication with 
metoclopramide results in decreased nausea
and vomiting.

A positive oral contrast agent is generally 
used for most of the gastrointestinal tract, but
better gastric wall visualization is achieved 
with oral water. Water does not obscure subtle
gastric wall thickening or enhancement. Using 
a multislice CT technique and a water-filled
gastric lumen, normal gastric wall layers are
well outlined during arterial or parenchymal
phases.

Multislice three-dimensional (3D) CT of the
stomach, often called virtual gastroscopy, is
gradually achieving clinical acceptance. Virtual
gastroscopy using gas for lumen distention and
either a water-soluble agent or barium sulfate
for mucosal coating has the potential of being
competitive both with barium studies and
endoscopy.

Three-dimensional CT rendering using
shaded-surface display, ray sum display, and
virtual gastroscopy with simultaneous visuali-
zation of intraluminal and submucosal com-
ponents of various gastric tumors provides
information not available either with barium
studies or endoscopy.

2
Stomach
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Ultrasonography
A 3D ultrasonography (US) system is on the
horizon. A position and orientation sensor
mechanism is needed for this system to inter-
face with a scanner head.

Similar to the esophagus, endoscopic US eval-
uates the gastric wall and adjacent structures
and can localize a lesion and outline its extent,
but the findings are nonspecific. Thus submu-
cosal fibrosis due to a healing ulcer can mimic
the appearance of a neoplasm.

Magnetic Resonance
Oral upper gastrointestinal magnetic resonance
(MR) contrast agents are discussed in Chapter
4. The stomach is best studied distended. Hypo-
tonic agents are usually not employed.

Endoscopic MR is under development.

Scintigraphy
Gastric emptying scintigraphy has been avail-
able for more than 25 years and is discussed
later (see Gastric Emptying Studies). Over time,
test meals and techniques have been optimized
and standardized, and introduction of digital
scintigraphy provides dynamic imaging and
allows visualization of antral contractions.

Biopsy/Cytology
Percutaneous CT-guided core needle biopsies
are readily obtained from gastric wall tumors.
Nonendoscopic gastric biopsy can be per-
formed as part of a double-contrast barium
upper gastrointestinal study. Such combined
barium-and-biopsy studies readily detect Heli-
cobacter pylori infection and evaluate suspicious
findings, eliminating a need for upper endo-
scopy in most patients.

Percutaneous gastric biopsies, drainage, and
gastrostomies can also be performed using 
CT guidance. Interestingly, comparing CT-
fluoroscopy with conventional CT gastric inter-
ventional procedures, the radiation doses were
significantly higher with CT-fluoroscopy, but
the yields and procedure times were not
significantly different (3).

Endoscopic US-guided fine-needle aspiration
biopsy also provides cytologic confirmation of

suspicious lesions. A multicenter prospective
study achieved a fine-needle aspiration cytology
sensitivity of 92% and specificity of 93% 
for lymph node staging, 88% and 95% for 
identifying extraluminal masses, and 61% and
79% for gastrointestinal wall lesions, respec-
tively (4).

Congenital Abnormalities
Duplication
Gastric duplications are rare. Even rarer is a
foregut duplication involving both the esopha-
gus and stomach. Most do not communicate
with the true lumen and are located in the
antrum, and vary in size considerably. A 
rare carcinoma has originated in a gastric 
duplication.

A barium study, US, CT, or magnetic reso-
nance imaging (MRI) should detect most du-
plications, yet the diagnosis is not always
straightforward; a gastric duplication can be
misdiagnosed as a pancreatic pseudocyst or a
hepatobiliary cystic tumor. Although endo-
scopic needle aspiration of a gastric duplication
cyst is feasible, these mucus-filled duplications
tend to recur after simple aspiration. Ultra-
sonography identifies a multilayered wall,
including a hyperechoic mucosa surrounded by
hypoechoic muscle layers, findings better seen
with endoscopic US.

A congenital double pylorus is rare. A 
rare double pylorus communicates with a 
duplication.

Atresia
Agastria and microgastria are very rare anom-
alies. Microgastria is associated with asplenia.
Gastric atresia usually involves the antrum.
Antral atresia results in a greatly dilated more
proximal stomach and no gas distally, mimi-
cking the appearance of pyloric obstruction
(single-bubble sign). Although atresia may be
complete, more often it consists of a web-like
deformity with a partial opening. In some
patients the latter becomes apparent only later
in life.

An association has been described between
pyloric atresia and epidermolysis bullosa (5).
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The differential diagnosis for partial gastric
outlet obstruction in the young includes pyloric
stenosis, antral web, antral stenosis, antral
duplication, and, rarely, aberrant pancreas.

Vascular Anomalies
Vascular anomalies are common in the stomach
and are of interest to the surgeon. To illustrate
the scope of vascular anomalies, in a gastric
cancer study 44% of patients had vascular
anatomy differing from normal, and in 13% a
double anomaly was detected (6).

Trauma
In a setting of CT performed for abdominal
trauma, many centers administer routinely
either dilute barium or a water-soluble contrast
agent either orally or through a nasogastric
tube. Done properly, little risk exists of aspira-
tion or other complications.

Gastric perforation is less common than
small bowel or colonic perforations, due, in part,
to the relatively thick gastric wall. Most trau-
matic perforations involve a distended stomach.
Inadvertent esophageal intubation and gastric
ventilation and cardiopulmonary resuscitation
have led to gastric perforation. The Heimlich
maneuver can also result in gastric rupture. An
intrathoracic stomach after gastric herniation
into the thorax is also prone to perforate.

Spontaneous gastric perforation occurs
mostly in neonates. The etiology is unknown;
possible overdistention or ischemia appears to
play a role. Some of these neonates have been on
mechanical ventilation or have had attempted
nasogastric intubation. The resultant pneu-
moperitoneum tends to be large. One useful
sign of gastric perforation using a horizontal 
x-ray beam is absence of an air-fluid level in the
stomach; a gastric air-fluid level tends to be
present with a more distant perforation.

A rare gastric hematoma eventually calcifies
(Fig. 2.1).

Vomiting
A discussion of vomiting has only indirect 
relevance to imaging studies, nevertheless, an
appropriate imaging study must eventually be
selected for a patient experiencing serious vom-
iting. This topic is best approached by consid-
ering likely etiologies in various age groups.
More detailed discussions of etiologies and rel-
evant imaging studies are included in this and
other appropriate chapters.

Gastroesophageal reflux must be differenti-
ated from vomiting. Reflux implies an incompe-
tent gastroesophageal sphincter. Vomiting, on
the other hand, is a complex phenomenon con-
sisting of sudden relaxation of the superior
esophageal and gastroesophageal sphincters,
pylorospasm, forceful antral muscular con-
tractions, sudden diaphragmatic descent, and
abdominal muscle contractions forcing gastric
content into the esophagus—mechanisms
familiar to radiologists who have observed vom-
iting under fluoroscopy.

In infants, the gastroesophageal sphincter is
incompletely developed and reflux is common.
What is “normal” reflux and what constitutes
“abnormal” has provoked considerable debate
in the pediatric literature and is beyond the
scope of this chapter. Especially with upper gas-
troenteric obstruction, a distinction between
reflux and vomiting is often blurred. Esophageal
obstruction obviously results in neither reflux
nor vomiting, and the condition is generally
clinically suspected with first feedings. Bilious
vomiting in infants suggests sepsis or obstruc-
tion distal to the papilla of Vater, with the most
common condition being volvulus secondary 
to midgut malrotation, a surgical emergency.

Figure 2.1. Gastric wall calcifications (arrow), years after
abdominal trauma.
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Pylorospasm, pyloric stenosis, a duodenal or
more distal small bowel web, stenosis or atresia,
meconium plug syndrome, and various colonic
obstructions are other causes of bowel obstruc-
tion and vomiting in infants. Rarer causes 
of obstruction include large diaphragmatic
hernias and gastric volvulus.

Conventional radiography is probably still
the most optimal initial imaging study in these
infants. At times evidence of a gasless abdomen
or gut distention to a certain point suggest a
diagnosis, and additional imaging simply delays
therapy. At other times this study raises suspi-
cion of a specific diagnosis, and a barium study
or US is then performed for confirmation or
exclusion.

In an older infant or child with clinically
evident gastroesophageal reflux or failure to
thrive, a barium study is often obtained both for
confirmation of reflux and as screening for
other abnormalities.Although reflux can also be
studied with a pH probe, US, or scintigraphy,
these studies do not exclude other disorders.
Scintigraphy is of little use in an infant with pro-
jectile vomiting, but it is useful in an older co-
operative child.

Causes of vomiting in adults are legion.
Central neural, toxic, visceral, and metabolic
causes are common; the etiologies are difficult
to detect, and most do not require imaging
studies. Some visceral causes of vomiting, such
as acute cholecystitis, are suspected clinically,
and appropriate imaging studies obtained. A
major direct role of imaging is to detect an
underlying bowel obstruction, traditionally per-
formed with a barium study but currently often
supplanted by CT.

Wall Thickening
Infection/Inflammation
Helicobacter Infection

Clinical

Helicobacter pylori, a curvilinear motile gram-
negative bacillus, is implicated as a cause of
inflammation, ulcers, and a number of neo-
plasms. Prevalence of H. pylori varies consider-
ably in different populations. Prevalence is
higher in non-Caucasians and increases with

age; H. pylori colonization occurs at about 
3% per year and eradication at 1% per year.
Although O blood group patients do have a
higher prevalence of peptic ulcer disease, H.
pylori seroprevalence does not differ between
different ABO groups.

H. pylori is easy to diagnose noninvasively
and is treatable with antibiotics. A more
complex topic is whether all H. pylori should be
eradicated (a “kill them all” philosophy more in
vogue in the 1990s) or whether there are good,
neutral, as well as bad H. pylori. Presumably H.
pylori has been a human commensal since time
immemorial and produces no known harm in
many people. Is it thus worthwhile to suggest
blanket antibiotic therapy with its related prob-
lems, or should eradication be limited to those
at risk for known complications of this infec-
tion? Other Helicobacter species also appear to
play a role. Thus H. heilmanii is responsible for
acute gastritis in some patients.

One interesting observation is that H. pylori
infection in Crohn’s disease and ulcerative
colitis patients is less prevalent than in controls.

A number of studies have found no statistical
difference in patients with symptoms and histo-
logic findings compatible with gastritis or
peptic ulcer disease between those positive 
for H. pylori and those negative. Likewise,
gastric emptying times are not related to H.
pylori infection. Nevertheless, the relationship
between H. pylori and peptic ulcer disease is not
straightforward, with more aggressive strains
being more common in peptic ulcer disease.
Antral H. pylori infection results in an antral
gastritis and a derangement of the usual acid
inhibition of gastrin production, which leads to
an increase in gastrin release, which in turn pro-
motes excess acid secretion by the noninflamed,
more proximal part of the stomach. Chronic
gastrin elevation results in hyperplasia of both
enterochromaffin-like cells and parietal cells,
thus further increasing acid secreting capacity.
In some patients chronic infection eventually
leads to antral atrophy, gastrin production
decreases, and hypochlorhydria ensues.

At times H. pylori–induced hypergastrinemia
and gastritis suggest Zollinger-Ellison syn-
drome; eradication of H. pylori results in reso-
lution of findings.

The World Health Organization (WHO)
classifies H. pylori as a carcinogen. Its presence
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is associated with a severalfold increased risk of
developing a gastric cancer. Carcinogenesis is
probably through a sequence of gastritis induc-
tion, intestinal metaplasia, dysplasia, and finally
development of carcinoma. No difference in
prevalence of H. pylori infection exists in
patients with Lauren intestinal and diffuse types
of carcinomas (the Lauren classification is dis-
cussed later; see Adenocarcinoma).

Chronic H. pylori infection promotes
mucosa-associated lymphoid tissue (MALT),
and primary gastric non-Hodgkin’s MALT lym-
phoma is strongly associated with H. pylori
infection, although the H. pylori strains involved
appear to differ from those associated with
peptic ulcer disease. Eradication of H. pylori
leads to regression of MALT (7) and of low-
grade mucosa-associated lymphomas in their
early stages, although several years are needed
for gastric mucosa to become normal after H.
pylori eradication.

It should be pointed out that MALT develops
not only in a setting of H. pylori infection but
also in response to other antigen stimulation.
Thus reactive lymphoid follicles also develop 
in the stomach of H. pylori–negative celiac
patients.

In the presence of the enzyme urease, urea is
hydrolyzed to CO2 and ammonia. H. pylori is a
common urease-containing bacterium and will
produce CO2 from orally administered urea. The
urea breath test consists of having the patient
ingest radioactive C-14–labeled urea and then
monitoring for the presence of C-14 with a
breath analyzer. This test has had limited
acceptance. False-positive results are seen in
achlorhydria and some other bacterial infec-
tion. A serologic test is easier to perform,
although the antibody titer remains elevated
even after infection has been eliminated.

Imaging

The most common finding of gastric H. pylori
infection is thickened folds, presumably repre-
senting resultant gastritis rather than H. pylori
infection per se. Other findings include antral
nodularity and underlying lymphoid hyper-
plasia, findings often more evident in children
than adults. Antral nodularity usually regresses
after H. pylori is eradicated.

Gastritis

Clinical
By definition, gastritis signifies inflammation.
Some so-called gastritis, such as chemically
induced gastritis, often manifests by acute hem-
orrhage, and histology detects little evidence of
inflammation; some authors prefer the term
gastropathy rather than gastritis.

Any discussion beyond the superficial 
quickly evolves into a number of controversies
surrounding the definition of gastritis. A sym-
posium of pathologists in Sydney in 1990 estab-
lished guidelines for classifying and grading
gastritis; these guidelines were modified in
Houston in 1994 (8).

For convenience, gastritis is usually subdi-
vided into acute, chronic, and a special or dis-
tinctive type. Acute gastritis is generally a
clinical diagnosis. Pathologists cannot distin-
guish between acute and active gastritis. No
specific radiologic findings are helpful. Acute
gastritis is often categorized under discrete
types such as chemical (corrosive) injury, stress-
related, phlegmonous, and similar. Chemical
gastritis includes not only drug- and alcohol-
induced gastritis but also gastric changes
induced by bile reflux. Stress gastritis is associ-
ated with severe trauma, burns, shock, sepsis,
and related conditions, and tends to manifest
within days of an insult. Acute hemorrhage 
is a not uncommon clinical presentation with
most acute gastritis, and, in fact, in an occa-
sional patient angiographic therapy using vaso-
pressin infusion is necessary for hemorrhage
control.

Numerous subdivisions and synonyms are in
vogue for chronic gastritis (Table 2.1). Most
pathologists divide chronic gastritis primarily
into nonatrophic, atrophic, and special types, yet
biopsies in some patients, of necessity, still are
classified as indeterminate. No essential differ-
ence exists between chronic active and acute
erosive gastritis, terms commonly used by
pathologists.

Of note is that H. pylori is associated with
several types of gastritis. H. pylori–associated
nonatrophic gastritis almost always involves the
antrum, with inflammation extending to the
gastric body to a varying degree. With autoim-
mune gastritis, on the other hand, both
inflammation and atrophy spare the antrum.
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Also, H. pylori gastritis almost always is associ-
ated with neutrophil infiltration. H. pylori is
detected more often in lesions with active rather
than chronic inflammation; the presence of H.
pylori correlates with degree of lymphocyte
infiltration, but not with metaplasia or mucosal
atrophy.

Pathologists do not agree on a precise defini-
tion of normal. One controversy is the concept
of atrophy, with pathologists using a visual 
scale of mild, moderate, and marked (8).
Atrophy implies loss of glandular tissue and is a
common pathway for a number of disorders.
Thus atrophic gastritis is a descriptive term 
and not a specific disease. An association
between atrophy and metaplasia is not clear,
although metaplasia is common in chronic 
gastritis, regardless of etiology. Some patients
with atrophic gastritis develop dysplasia.
Follow-up with repeat biopsies reveals that mild
dysplasia most often resolves spontaneously,
with an occasional one progressing to moderate
dysplasia. In summary progression of mild dys-
plasia is rare, moderate dysplasia changes
slowly, and severe dysplasia is an indication for
surgery.

Pathologists also gauge activity; thus chronic
active gastritis implies the presence of neu-
trophils, a finding beyond resolution of
endoscopy or radiology. Confusing the issue
further, some endoscopists do not obtain biop-
sies but rely on their visual impression to diag-
nose a specific type of gastritis.

Biopsy tissue, if needed, is usually obtained
during endoscopy. An alternate approach is to
perform a barium upper gastrointestinal study
and at the same time, using a nasogastric tube,
obtain fluoroscopically guided gastric biopsies;
such fluoroscopic biopsies achieve sensitivities
and specificities of over 90% in diagnosing 
gastritis (9).

Diagnosis

Findings of gastritis on a barium study in-
clude aphtha, antral nodularity, thickened folds,
coarse areae gastricae, and, at times, lumen nar-
rowing. A number of other disorders, however,
have similar findings. Aphtha and coarsened
areae gastricae are seen in gastritis, Crohn’s
disease, MALT lymphoma, some infections such
as herpes and cytomegalovirus, and the rare
gastric involvement by Behçet’s disease (Fig. 2.2)
or even mastocytosis (Fig. 2.3).

Occasionally gastric lymphoid hyperplasia is
a prominent finding of H. pylori gastritis, espe-
cially in children. If small, these nodules are
difficult to distinguish from aphtha with sur-
rounding inflammation.

Patients ingesting nonsteroidal antiinflam-
matory drugs on a chronic basis tend to develop
gastritis. Some of these patients have a charac-
teristic antral greater curvature flattening.

Aside from biopsy, endoscopists use such
macroscopic findings as nodularity, erosions,
mucosal hemorrhage, and redness to diagnose

Table 2.1. Classification of chronic gastritis (updated Sydney system)

Type Etiologies Synonyms

Nonatrophic H. pylori Superficial, antral gastritis

Atrophic
Autoimmune Antrum often spared
Multifocal H. pylori, diet, other factors Diffuse gastritis, pernicious anemia–associated gastritis

Special
Chemical Chemicals, drugs, bile Reflux, drug-induced gastritis
Radiation Radiation therapy
Lymphocytic Immune, drugs, gluten, H. pylori Celiac disease–associated gastritis
Noninfectious

Crohn’s Crohn’s gastritis
Sarcoidosis
Wegener’s

Eosinophilic Food sensitivity Allergic gastritis
Infectious Bacteria, viruses, fungi, parasites Phlegmonous gastritis

Source: Adapted from Dixon et al. (8).
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gastritis, yet considerable controversy sur-
rounds an endoscopic diagnosis of gastritis. In
consecutive patients undergoing endoscopy,
macroscopic endoscopy findings achieved a

sensitivity of only 40% and a specificity of 84%
in detecting H. pylori gastritis (10).

Atrophic/Autoimmune

Patients with autoimmune gastritis tend toward
achlorhydria and elevated gastrin levels. Histo-
logically, antral G-cell hyperplasia and an
increase in endocrine cells are common. Gastric
carcinoids tend to develop in these patients.
A relationship with gastric carcinoma is not
clear.

Radiology has a limited role in autoimmune
gastritis.

Chemical

Acid-induced corrosive gastritis tends to be
more severe than the more common caustic-
induced damage, yet the latter also results in
considerable damage, generally in the antrum,
at times sufficiently severe to evolve into gastric
outlet obstruction. The resultant linitis plas-
tica–like appearance tends to have sharply mar-
ginated, irregular borders mimicking a gastric
carcinoma; a number of these strictures have
been resected in the mistaken notion that they
are malignant.

Figure 2.2. Gastric Behçet’s disease. Multiple discrete aphtha
are scattered in the antrum. Gastritis and Crohn’s disease can
have similar findings.

Figure 2.3. Gastroduodenal mastocytosis. Nodules, shown to be infiltrated by mast cells, are scattered throughout the antrum (A)
and duodenal bulb (B).

A B
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Some of these patients undergo either a
simple gastrojejunostomy or a Billroth I or II
operation and tend to do well, provided no
esophageal stricture develops.

Enterogastric reflux of bile and pancreatic
secretions is a well-known cause of gastritis
both in patients with an intact stomach and
after gastric surgery. Such reflux is detected by
technetium 99m (Tc-99m)-HIDA scintigraphy,
but has no specific imaging appearance.

Lymphocytic

The role of H. pylori in lymphocytic gastritis is
not settled; some studies point to no associa-
tion, whereas others suggest the opposite.

Lymphocytic gastritis is a histologic diagno-
sis. Histochemical study suggests that lympho-
cytic gastritis often is part of a generalized
lymphocytic gastroenteropathy. In some
patients it is associated with celiac disease. It
manifests as rugal thickening, nodularity, and
erosions. Some authors describe these thick-
ened, serpiginous rugal folds, together with
superimposed inflammation, as varioliform
gastritis, and at times the imaging appearance
suggests Ménétrier’s disease. Some patients
develop diffuse gastric ulcerations. Duodenitis
is often present. These patients also tend to
develop a protein-losing gastroenteropathy. An
occasional patient presents with a massive 
hemorrhage.

Collagenous

The recently described entity of collagenous
gastritis is rare. Similar to collagenous colitis, its
defining characteristic is fibrous thickening of
the subepithelial basement membrane. Etiology
and pathogenesis are unknown. There are no
specific imaging findings.

Granulomatous

In a setting of chronic gastritis some biopsies
yield findings compatible with granulomatous
gastritis, although a diagnosis of idiopathic
granulomatous gastritis is rare; most of these
patients have either Crohn’s disease or sar-
coidosis, with an occasional granulomatous 
gastritis being secondary to infection, foreign
bodies, or other gastropathy.

Peptic Ulcer Disease

Clinical

Peptic ulcers are uncommon in children and
rare in infants. Numerous medications induce
gastric ulcers. Some nonsteroidal antiinflamma-
tory drugs are associated with giant gastric
ulcers. Chemotherapeutic infusion into the
hepatic artery for liver neoplasms is occasion-
ally associated with gastric ulcerations. Some of
these ulcers tend to be large.

Complications of peptic ulcer disease include
stricture and perforation. Anterior wall gastric
ulcers tend to perforate into the peritoneal
cavity, whereas posterior wall ulcers more 
often involve the pancreas. A rare gastric 
ulcer penetrates the spleen or other adjacent 
structure.

The definition of a giant gastric ulcer varies,
but typically an ulcer diameter of 3 cm or more
is assumed to represent this entity. These giant
ulcers are not a separate pathologic entity, but
their significance lies in their worse prognosis
due to hemorrhage and need for urgent surgery.
A giant gastric ulcer led to a pneumoperi-
cardium (11).

A double pylorus in most adults is a com-
plication of peptic ulcer disease; a congenital
double pylorus is very rare. These ulcers 
originate either in the duodenal bulb or distal
antrum. An occasional benign gastric ulcer
evolves into a gastrojejunal or gastrocolic
fistula. Other causes of a double pylorus in-
clude a necrotic cancer and prior surgery 
(Fig. 2.4).

Imaging

The appearance of gastric ulcers on an upper
gastrointestinal study is familiar to most radiol-
ogists and are not discussed here. In general, a
finding of a deep U-shaped deformity at the
incisura, irregular soft tissue tumor surround-
ing the ulcer, and prominent converging folds
are associated with a significant delay in ulcer
healing, even with adequate therapy.

Ultrasonography is not used for ulcer detec-
tion, but if US reveals a “target” sign, consisting
of hypoechoic gastric wall thickening sur-
rounding a hyperechoic ulcer lumen, the patient
can then be referred for a more appropriate
study.
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Eosinophilic Gastroenteritis

Eosinophilic gastroenteritis is an inflammatory
disorder of unknown etiology, considered to 
be a separate entity from idiopathic hyper-
eosinophilic syndrome, although transitional
forms probably exist. Its primary feature is
eosinophilic infiltration of discrete or diffuse
gastrointestinal tract segments. An occasional
patient has eosinophilic infiltration of most if
not all of the bowel. About half of these patients
have some type of allergy, and a majority have
peripheral eosinophilia.

Gastric involvement manifests most often as
a narrowed lumen or thickened rugae.

In a rare infant eosinophilic gastroenteritis
mimics the clinical findings and US appearance
of idiopathic hypertrophic pyloric stenosis.

Eosinophilic gastroenteritis should be differ-
entiated from helminth infestation with its asso-
ciated eosinophilia.

Crohn’s Disease

Prevalence of gastric involvement in Crohn’s
disease is unknown. When Crohn’s disease is
evident in the upper gastrointestinal tract,

nearly always concomitant small bowel or
colonic involvement is also found.

Although chronic gastritis and duodenitis are
common in Crohn’s disease patients, only an
occasional biopsy yields granulomas (12). One
should keep in mind that granulomas are not
pathognomonic for Crohn’s disease; they are
also found in sarcoidosis, some infections such
as tuberculosis and anisakiasis, as a foreign
body reaction, or as an occasional vasculitis. As
a practical matter, however, if other causes of
granuloma formation are excluded, the pres-
ence of noncaseating granulomas is assumed to
be due to Crohn’s disease.

The imaging appearance of gastric Crohn’s
disease varies from aphthae to strictures (Fig.
2.5). Scintigraphy in Crohn’s patients with
nonobstructive disease and no evidence of
gastroduodenal disease shows normal gastric
emptying, although symptomatic Crohn’s pa-
tients develop delayed gastric emptying.

Malacoplakia

Malacoplakia is a granulomatous inflammatory
disease involving either the gastrointestinal or
genitourinary tract. It is discussed in more
detail in Chapter 10.

Malacoplakia is rare in the stomach. It origi-
nates either in the gastric wall or adjacent struc-
ture and infiltrates the stomach. Its primary
significance is that it mimics a neoplasm.

Cytomegalovirus

The prevalence of acute viral gastritis is
unknown. The most common is cytomegalo-
virus infection, which is encountered mostly 
in immunocompromised individuals and occa-
sionally in children, where it tends to present 
as thickened rugae similar to Ménétrier’s
disease.

Anisakiasis

Anisakiasis is caused by eating raw fish infected
with Anisakis larvae. Many reports originate
from Japan, but the condition is also encoun-
tered in other countries having an acquired culi-
nary taste for raw fish such as sushi and sashimi.
Ingestion of undercooked microwaved fish is
also implicated. It is uncommon in older indi-
viduals and those with prior gastric surgery; rel-

Figure 2.4. Double pyloric channel (arrows). This patient had a
prior antrectomy and the two channels were believed to be
related to surgery.
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ative achlorhydria appears to decrease larval
toxicity.

Anisakiasis manifests by abdominal pain,
at times severe enough to mimic an acute
abdomen, shortly after eating infected raw fish.
Eosinophilia is not common during the acute
episode. Imaging detects gastric wall edema
persisting for 1 or 2 days after infection. With a
technically excellent double-contrast examina-
tion, a small moving curvilinear defect is
identified on the mucosa.

Endoscopy identifies larvae adhered to
gastric or duodenal mucosa.

Syphilis

Gastric syphilis is mostly of historical interest.
It generally follows an indolent course. The
gastric wall is infiltrated and thickened, at times
suggesting a neoplasm. Histologically, a vasculi-
tis is common.

On a barium study gastric syphilis mimics
peptic ulcer disease or even a malignancy.
Endoscopy and at times even histology suggest
a gastric lymphoma or lymphocytic gastritis.

Tuberculosis

Most patients with gastric tuberculosis also
have pulmonary involvement, although primary

gastric tuberculosis does exist, especially in
Third World countries. Grossly it mimics sar-
coidosis and Crohn’s disease. Some patients
develop gastric ulcers, gastric outlet obstruc-
tion, or even massive hemorrhage.

The diagnosis can be established by histology
and growth of Mycobacterium tuberculosis in an
appropriate culture medium.

Histoplasmosis

Most patients with gastrointestinal histoplas-
mosis are immunocompromised or suffer from
disseminated disease.

One patient with African histoplasmosis
(Histoplasma duboisii) presented with a gastric
ulcer that radiologically and endoscopically
suggested a malignancy (13).

Emphysematous and 
Phlegmonous Gastritis
Gastric pneumatosis and gastric emphysema
are descriptive terms for gas in the stomach 
wall and emphysematous gastritis signifies
inflammation, although these terms are used
interchangeably to describe gas in the stomach
wall. Some use emphysematous, phlegmonous,
and necrotizing gastritis interchangeably,

Figure 2.5. Gastric Crohn’s disease in two patients. A: Multiple nodules and thick, nodular folds involve the stomach. B: The distal
antrum and pyloric region are formless and patulous (arrow).

A B
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although these terms have different meanings
and define different conditions.

Emphysematous gastritis is a rare finding.
Involvement ranges from focal to most of the
stomach being involved.

Etiologies leading to gas in the stomach wall
are listed in Table 2.2. Gastric ischemia as a
cause of emphysematous/phlegmonous gastritis
is rare except in patients who have had prior
extensive surgical gastric devascularization.
Rarely, phlegmonous gastritis develops after
nongastric surgery (14). Gastric emphysema
occasionally develops in a neonate with duode-
nal obstruction and not due to necrotizing 
gastritis. Transient gastric emphysema was
associated with colonic infarction (15). Some
patients with emphysematous gastritis are rela-
tively asymptomatic, and in this subgroup
emphysema presumably is neither infectious
nor ischemic in origin.

The diagnosis is suggested by imaging and
not by endoscopy. Inflammation, edema, and
gas develop in the submucosa and deeper layers,
with the overlying mucosa being relatively

normal. Conventional radiography and CT
reveal linear or oval gas collections in the gastric
wall. Focal emphysema is better seen with CT
than conventional radiography. Ultrasonogra-
phy reveals focal emphysema as hyperechoic
foci with distal reverberations.

Ischemia
Gastric ischemia is discussed in Chapter 17.
Overt gastric ischemia is rare. Symptoms tend
to be nonspecific, especially with a gradual
onset.

Radiation
The stomach is relatively resistant to radiation
damage. Deep ulcers have developed months
after radiation to adjacent nodes. These ulcers
tend not to heal.

Ménétrier’s Disease
Ménétrier’s disease is one of the protein-losing
enteropathies. Clinically, hypoproteinemia is
evident and if untreated leads to edema. Fecal
a1-antitrypsin excretion is increased and serves
as a marker for protein-losing enteropathy.

Imaging findings consist of marked rugal and
gastric wall thickening. Initially the antrum 
is spared, but eventually the entire stomach
becomes involved. Imaging often suggests a
malignancy, such as lymphoma. Complicating
the issue further is that occasionally Ménétrier’s
disease undergoes malignant transformation.

A type of Ménétrier’s disease occurs in chil-
dren.Although these children do have a protein-
losing enteropathy and gastric rugae are
thickened, the condition is transient and prob-
ably differs from that seen in adults. Primary
cytomegalovirus infection is evident in some
children with such a transient form of
Ménétrier’s disease.

In adults, US reveals mucosal thickening with
normal submucosa and muscle layers. In chil-
dren, US is  useful in following disease progres-
sion and resolution.

Sarcoidosis
Gastric involvement without systemic sarcoido-
sis and no lung hilar adenopathy is rare.At times

Table 2.2. Etiologies of emphysematous gastritis

Associated condition Comments

Infectious gastritis Most common cause of 
emphysematous gastritis

Ischemia
Trauma Includes feeding tube and 

stent perforation,
barotrauma

Recent endoscopy Presumably due to 
overdistention and 
mucosal disruption

Gastric ulcer
Gastric bezoar
Gastric outlet 

obstruction
Massive gastric dilation Presumably due to necrosis
Gastric perforation
Ingestion of corrosives
Gastric amyloidosis
Immunocompromised Due to steroids,

status chemotherapy, radiation 
therapy, or AIDS

Increased intrathoracic 
pressure

Idiopathic
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gastric biopsies yield epithelial cell granulomas,
even though imaging identifies no abnormality.

Once established, gastric sarcoidosis mani-
fests as nodules, thickened folds, gastric wall
thickening, lumen narrowing, and superficial
antral ulcers (Fig. 2.6); the condition thus
mimics Crohn’s disease and linitis plastica,
although a similar appearance is also seen in
gastric syphilis, eosinophilic gastritis, pol-
yarteritis nodosa, and phlegmonous gastritis.
Rarely, a focus of sarcoid infiltration develops a
deep ulcer.

Gastric carcinoma and lymphoma have
developed in a setting of gastrointestinal sar-
coidosis; whether these associations are fortu-
itous or not is conjecture.

Amyloidosis
Amyloidosis is probably a blood dyscrasia. It
occurs in a primary form and in association
with such diseases as chronic infections and
multiple myeloma.

Most often gastric amyloidosis leads to
diffuse antral wall thickening, at times narrow-
ing the lumen to the point of obstruction. A
patient with familial amyloid polyneuropathy
had multiple gastric amyloid polyps (16). A
patient on hemodialysis and secondary amyloi-
dosis developed phlegmonous gastritis (17).

Endoscopic US reveals gastric wall thickening
and loss of normal mucosal and submucosal
outline.

Tumors
Bezoars

Gastric bezoars are more common after prior
gastric surgery or peptic ulcer disease than in
the general population.

Trichobezoars lead to pain, vomiting, and
bleeding due to erosions. If sufficiently large,
they result in gastric obstruction, or, if they pass
into the small bowel, small bowel obstruction.
Some trichobezoars extend from the stomach,
through the small bowel, to the colon (Rapun-
zel syndrome). Iron deficiency anemia is not
uncommon.

Most small trichobezoars are readily diag-
nosed by conventional radiographically and CT.
Some trichobezoars are associated with gastric
pneumatosis. Their MRI appearance varies
depending on relative amounts of gas and fluid;
the presence of air causes a hypointense appear-
ance both on T1- and T2-weighted images,
whereas fluid and other debris result in a hyper-
intense appearance on T1- and T2-weighted
images. It is the larger ones that fill almost the
entire gastric lumen that cause a diagnostic
dilemma. If in doubt, a barium study is 
diagnostic.

Because of their consistency, trichobezoars
are difficult to remove endoscopically and, espe-
cially with larger ones, surgical removal is nec-
essary. Most large gastric phytobezoars are
treated surgically, although an occasional one is
fragmented endoscopically.

Numerous preparations result in gastric
pharmacobezoars, ranging from aluminum
hydroxide gel to enteral feeding formulas. Some
pharmacobezoars also cause symptoms second-
ary to continued intragastric release of their
active ingredients.

Nonneoplastic Tumors

Cyst

Most small gastric cysts are nonneoplastic 
and represent intramural collections of gastric
secretions. They range from submucosal 
cystic glands and duplication cysts to cystica
polyposa, with an occasional hamartoma and
adenomyoma. Their intraluminal projection
varies. Some gastric cysts cannot be readily 
classified.

Figure 2.6. Antral sarcoidosis.The antral lumen is narrowed and
folds thickened by a diffuse antral wall infiltrate (arrows).
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Cystica polyposa is an uncommon solid and
cystic gastric tumor, with most developing
proximal to a gastroenterostomy. Their preva-
lence increases with time after surgery. These
tumors consist of epithelial hyperplasia and
dysplasia and contain dilated gastric glands that
are either limited to the mucosa (gastritis
cystica superficialis) or extend into the sub-
mucosa (gastritis cystica profunda). Large and
mostly intraluminal ones have led to gastric
outlet obstruction.

An unclear relationship exists between
cystica polyposa and cancer developing in a
gastric stump.

Hyperplastic Polyp

A prospective gastroscopy study of resected
polyps found 55% to be hyperplastic polyps,
29% inflammatory, and 10% adenomatous (18);
other, less common, polyps included fundic
gland polyps, carcinoid, early gastric cancer, and
a pancreatic rest. All of these polyps were
smaller than 2 cm.

Most hyperplastic polyps are discovered inci-
dentally, and are small (less than 20 mm in
diameter), smooth, and multiple, and most are
found in the antrum. Occasionally hyperplastic
polyps enlarge and become lobulated, and their
appearance suggests a polypoid carcinoma (19).
Whether to simply biopsy these large polyps is
debatable; most are resected.

Hyperplastic polyps are usually considered
nonneoplastic per se, although some contain
dysplasia, carcinoma-in-situ, or even a carci-
noma. Pedunculated antral hyperplastic polyps
can prolapse into the duodenum. Hyperplastic
gastric polyposis is associated with colorectal
adenomas. The relationship between hyperplas-
tic polyps and nonfamilial fundic gland poly-
posis is not clear but these appear to be distinct
entities (fundic gland polyps are discussed
later; see Nonfamilial Polyposis).

Inflammatory Fibroid Polyp

Inflammatory fibroid polyps are nonencapsu-
lated submucosal lesions composed primarily of
loose connective tissue and inflammatory
tissue. They also contain varying amounts of
myofibroblasts, thus confusing the histologic
picture. They occur throughout the gastroin-

testinal tract; in the stomach they predominate
in the antrum.

Most smaller polyps are sessile and are
covered by smooth overlying mucosa, whereas
larger ones tend to project more intraluminally,
ulcerate and bleed (Fig. 2.7). Prolapse into the
duodenal bulb leads to gastric outlet obstruc-
tion. Endoscopic biopsies tend to be noncon-
tributory, and a polypectomy is necessary for
diagnosis.

Endoscopic US of 10 proven gastric
inflammatory fibroid polyps showed all to be
located in the second and/or third sonographic
layer, 90% had an indistinct margin, 80% were 
hypoechoic, and 90% were homogeneous in
appearance (20).

Inflammatory Pseudotumor 
(Fibrosarcoma)

A so-called inflammatory pseudotumor, also
known as plasma cell granuloma, inflammatory
fibrosarcoma, and other terms, is a rare,
infiltrating condition of unknown etiology.
Although included here under nonneoplastic
tumors, whether it is indeed inflammatory or

Figure 2.7. Inflammatory polyp in distal antrum. An adenoma
has a similar appearance.
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represents a neoplasm is not settled. This 
condition is discussed in more detail in chapter
14.

A number of these tumors are associated with
elevated sedimentation rate. In the stomach they
ulcerate and bleed.

Heterotopic Pancreas

Ectopic pancreatic tissue occurs at a number of
sites, being most common in the gastric antrum
and proximal duodenum, with only an occa-
sional jejunal one found. Histology reveals
either complete pancreatic tissue or exocrine
pancreas, with only an occasional one consist-
ing mostly of endocrine pancreas. Although
often considered innocuous, complications of
such ectopic tissue include inflammation, cyst
formation, adenocarcinoma transformation,
and formation of an endocrine tumor. Pancre-
atic acinar-appearing cells are occasionally
found in gastric mucosa; such metaplasia is
often detected around the squamocolumnar
junction and differs from ectopic pancreatic
tissue.

Ectopic antral pancreatic tissue usually pres-
ents as a single submucosal tumor, occasionally
up to 3 cm in size. A central umbilication is
identified in some.

A common CT appearance is an oval or round
tumor containing smooth or serrated margins.
About half enhance with contrast similar to
normal pancreas (21,22); poorly enhancing
ones contain mostly ducts and muscle tissue,
with pancreatic acini being sparse. A minority
contain a dilated heterotopic pancreatic duct.
Of interest is that the CT findings are often
interpreted incorrectly as representing other
lesions.

Gastric heterotopic pancreatic tissue even led
to a pseudocyst.

Teratoma

The stomach is a rare site for a teratoma. These
tumors occur primarily in males and often
present as bulky, palpable, abdominal masses.
They range in location from primarily intra-
luminal, to intramural, to extrinsic.

Computed tomography and MR are the pre-
ferred imaging modalities, identifying both
cystic and fatty components and often also sug-
gesting its gastric origin.

Hemangioma

For unknown reasons gastric hemangiomas 
are rare. Most have manifested by bleeding.
They appear similar to other mesenchymal
tumors. Several have contained phleboliths,
which aid in diagnosis. An occasional one is
polypoid.

Extramedullary Hematopoiesis

A barium study in a patient with myelofibrosis
revealed multiple gastric polyps (23); biopsy
identified extramedullary hematopoiesis in
these polyps, a very rare site for hematopoiesis.

Benign Neoplasms

Adenoma

Gastric adenomas are uncommon. Most occur
in the antrum. The two most common presen-
tations are bleeding or malabsorption.

Adenomas are at increased risk of malignant
transformation and even an occasional small
adenoma contains a carcinomatous focus. Also,
the presence of an adenoma is associated with
an increased risk of developing a gastric carci-
noma elsewhere in the stomach. Gastric villous
adenomas are associated with synchronous
rectal villous adenomas. Probably an associa-
tion also exists between gastric adenomas and
other colonic polyps.

Nonneoplastic polyps and most adenomas
have a very similar imaging appearance and
most smaller ones are sessile (Fig. 2.8). In a 
collection of atypical adenomas, four were
depressed and three were flat, they were located
around the incisura or antrum, they ranged
from 10 to 25 mm in diameter, and with a
barium study all mimicked an early gastric 
carcinoma (24); a nodular surface, convergency
of folds, and a shallow depression were
common.

Solid polyps are homogeneous and
hypointense on T1- and hyperintense on T2-
weighted MRI (except for lipomas, as discussed
below).

Leiomyoma

Gastric leiomyomas are common; a majority are
discovered incidentally, often in a stomach
resected for other reasons, and are small in size.
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They are more common in the fundus than
more distally.

For some of these tumors a distinction
between leiomyoma and its sarcomatous coun-
terpart is tenuous at best and some are thus
labeled as having a variable biologic patterns 
or simply as gastrointestinal stromal tumors
(GISTs) (stromal tumors are discussed in more
detail in Chapter 1).

With growth, both benign and malignant
ones tend to outgrow their blood supply and
become partially necrotic (Fig. 2.9); as a result
the larger ones have a heterogeneous, partly

necrotic-cystic imaging appearance. A rather
prominent contrast enhancement is common in
nonnecrotic regions.

Calcifications in a gastric leiomyoma are rare
(25) and ossification even rarer.

Lipomatous Tumors

Most gastric lipomatous tumors are lipomas,
with an occasional angiolipoma, teratoma, or
even a liposarcoma found. Reactive lipomatosis
is a nebulous entity encountered occasionally.

Most lipomas are discovered incidentally,
most often in the fundus. An occasional one
ulcerates, presumably secondary to ischemia,
and bleeds. An occasional prepyloric lipoma
obstructs or, if polypoid, prolapses into the duo-
denum and leads to bleeding. Occasionally mul-
tiple gastric lipomas are detected.

Barium studies reveal most lipomas as
smooth submucosal tumors with or without
ulcerations, similar to stromal tumors and lym-
phomas (26). Computed tomography reveals
lipomas to be of homogeneous density of about
-30 to -100 Hounsfield units (HU); some have
an apparent capsule. Similar to other structures
containing fat, lipomas are hyperintense on T1-
and hypointense on most T2-weighted images
and they lose signal intensity on fat-suppressed
T1-weighted spoiled gradient echo (SGE) im-
ages. Thus, regardless of location, a lipoma can
be distinguished from most other polyps. Dis-
tinguishing a lipoma from a liposarcoma, on the
other hand, is problematic. Well-differentiated
liposarcomas contain thick septa or nodules on
T1-weighted MRI, with these septa or nodules
becoming hyperintense on fat-suppressed or
STIR T2-weighted sequences, findings seen only
in a minority of lipomas (27). A heterogeneous
appearance or presence of a necrotic or cystic
component in a fat-containing tumor should
suggest a teratoma or a liposarcoma.

The rare angiolipoma shows marked CT con-
trast enhancement.

A heterogeneous appearance or presence of a
necrotic or cystic component in a fat-containing
tumor should suggest a teratoma or a 
liposarcoma.

Hemangiopericytoma

Hemangiopericytomas can occur in most
tissues, but a gastric location is rare.

Figure 2.8. Antral adenoma appearing as a sessile polyp
(arrow).

Figure 2.9. Ulcerated antral leiomyoma (arrows). (Courtesy of
Arunas Gasparaitis, M.D., University of Chicago.)
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Polyposis Syndromes

Gastrointestinal polyposis syndromes are dis-
cussed in more detail in Chapter 4. Included
here are only those aspects pertinent to the
stomach.

Nonfamilial Polyposis 
(Fundic Gland Polyps)

Fundic gland polyps are most prevalent in
middle-aged women and are not associated
with either gastric adenomas or gastric cancers;
they can grow or regress, some even resolving
completely. They are not premalignant.

They tend to be small, ranging in size from 1
to 3 mm. A double-contrast upper gastrointesti-
nal study readily detects these polyps.

Familial Polyposis

Upper gastrointestinal polyps are common in 
a setting of familial adenomatous polyposis.
These polyps are either of gastric fundic gland
origin (hyperplastic) or adenomas. Most result-
ant gastric adenocarcinomas arise from adeno-
mas, although a rare adenocarcinoma originates
from a hyperplastic fundic polyp.

Occasionally gastric polyps in patients with
familial adenomatous polyposis regress on
indomethacin therapy.

Peutz-Jeghers Syndrome

Gastric hamartomatous polyps develop in
patients with Peutz-Jeghers syndrome. Occa-
sional gastric adenocarcinomas have been
reported.

Juvenile Polyposis

Gastric juvenile polyposis, consisting of numer-
ous juvenile polyps scattered throughout the
stomach, is rare. Some patients have a family
history of intestinal polyposis or have general-
ized juvenile polyposis, although it is not clear
whether gastric juvenile polyposis is a separate
entity from generalized juvenile gastrointestinal
polyposis.

These polyps predominate in the antrum;
with time, some became numerous, larger,
and pedunculated. They are associated with
adenomas and adenocarcinomas. Eventual gas-
trectomy is performed either for suspected

malignancy or control of protein-losing 
gastropathy.

Cronkhite-Canada Syndrome

These patients develop characteristic ectoder-
mal abnormalities consisting of dystrophic nail
changes and alopecia.

A barium study reveals multiple polyps scat-
tered in the stomach, duodenum, and small
bowel. Biopsy of these polyps shows mostly an
inflammatory infiltrate and a cystic component.
Some of these patients have an elevated carci-
noembryonic antigen (CEA) level that decreases
after steroid therapy.Anecdotal reports describe
bowel adenomas.

Adenocarcinoma

Adenocarcinomas involving the gastroe-
sophageal junction are discussed in Chapter 1.
Both clinically and from prognostic and man-
agement viewpoints these tumors are closer to
esophageal cancers than to more distal gastric
cancers. Early gastric cancers are discussed
below. Although these tumors are adenocarci-
nomas and are precursors to more advanced
cancers, their clinical presentation and imaging
approach are sufficiently different to warrant a
separate discussion.

Diffuse scirrhous gastric tumor spread leads
to a linitis plastica appearance (Fig. 2.10). Some
use the term linitis plastica as a synonym for an
extensive scirrhous gastric adenocarcinoma,
but this term is a descriptive one; several other
disorders can have a similar appearance:
metastatic carcinoma (breast, etc.), lymphoma,
sarcoidosis, prior corrosive ingestion, and even
gastric syphilis. Also, at times H. pylori gastritis
and other benign entities thicken the gastric
wall sufficiently to suggest a cancer.

Clinical

The prevalence of gastric cancer, by age, varies
considerably throughout the world. In the Far
East, gastric cancer is more common in a
younger age group than in Europe or North
America and their 5-year survival rate is similar
to other age groups. On the other hand, gastric
cancer in younger American patients is more
likely to be associated with distant metastases



71

STOMACH

and more adverse features than older patients
(28). In Japan, the prevalence of gastric cancer
continues to decrease in young patients.

Epstein-Barr virus infection is associated
with some gastric cancers, but reported associ-
ation varies, being greatest in East Asia. These
virus-associated cancers tend to be superficial
depressed or ulcerated in appearance.

The Netherlands Cohort Study on diet and
cancer revealed a strong inverse association
between onion consumption and risk of
stomach carcinoma (29).

A number of gastric cancer families exist.
Transmission tends to be autosomal dominant.

The Leser-Trélat sign consists of eruption of
multiple seborrheic keratoses or similar lesions
in association with an internal malignancy and
is considered to be a paraneoplastic autoim-
mune phenomenon. Occasionally such sebor-
rheic keratosis regresses after tumor resection
but returns with cancer recurrence. Paraneo-
plastic hypercalcemia occasionally develops.
Rare associations exist between gastric cancer
and such conditions as acromegaly and pol-
yarteritis nodosa.

An occasional gastric carcinoma perforates;
perforation into the peritoneal cavity generally
results in an acute abdomen. Among patients
with a perforated gastric carcinoma collected
from the Japanese literature, perforation
occurred with all tumor stages, being 19% with
stage I tumors, 12% with stage II, 30% with stage
III, and 39% with stage IV tumors (30).

A rare gastric carcinoma is first detected as a
metastasis (Fig. 2.11).

Pathology

An adenoma-to-carcinoma transformation
sequence, as found with colorectal tumors, is
not evident in most gastric tumors. Carcinomas
do occur, however, in adenomatous polyposis
syndromes. Gastric dysplasia is a precancerous
condition. A gastric cancer is often already
present when dysplasia is detected.

Epstein-Barr virus–positive early gastric car-
cinomas have a mostly CD8+ T-lymphocytic
surrounding infiltrate, with adjacent gastric
mucosa being atrophic and depleted of parietal
cells (31). An occasional undifferentiated carci-
noma has Epstein-Barr virus limited to tumor
epithelial cells, pointing toward a possible
pathogenesis for these tumors.

Gastric cancer classifications in use are those
of the WHO and the Lauren and Borrmann
systems. Lauren subdivides gastric cancer into
two types: intestinal and diffuse. The intestinal
type tends to be more differentiated than the
diffuse type. These classifications are only
roughly comparable; the WHO classification of
tubular, mucinous, and papillary carcinomas
are mostly equivalent to the Lauren
classification of intestinal type, and the WHO
signet ring and many undifferentiated carcino-
mas fall into the Lauren diffuse tumor type. The
Borrmann classification (Table 2.3) is based on

Figure 2.10. Linitis plastica appearance of adenocarcinoma. A: A diffuse infiltrate is present but there is no obstruction. B: Linitis
plastica in this patient has progressed to almost complete lumen obstruction. Only the fundus was spared in both patients.

A B
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gross morphology and is in common use by
Japanese and some European investigators.

Lauren intestinal-type carcinomas appear to
be related to environmental factors and diet,
and in countries with decreasing prevalence 
of gastric cancer it is the intestinal type that 
is declining, with little change in diffuse type
(32). These two subtypes appear to have dif-
ferent pathogenetic processes. Predisposing
atrophic gastritis and intestinal metaplasia and
dysplasia more often lead to intestinal type of
cancer.

The Goseki classification of gastric cancer is
based on intracellular mucus production and
degree of tubular differentiation, but this
classification does not provide additional prog-
nostic value beyond what was available with the
tumor, node, metastasis (TNM) staging and the
Lauren classification.

An infiltrating gastric scirrhous carcinoma
incites a mostly desmoplastic reaction that leads

to a fixed and rigid-appearing gastric wall. Most
scirrhous carcinomas result in a linitis plastica
appearance, although an occasional one is focal
in extent. Lymphoma and some metastases have
a similar imaging appearance, but with these
tumors the infiltration is primarily by tumor
cells.

A signet ring cell carcinoma is a poorly dif-
ferentiated adenocarcinoma, with tumor cells
invading surrounding tissues singly or in small
groups. Some of these are associated with an
intense lymphocytic and plasma cell infiltrate.

Extrahepatic hepatoid adenocarcinomas
exhibit true morphologic and immunohisto-
chemical hepatocellular differentiation. The
most common site for a primary extrahepatic
hepatoid carcinoma is in the stomach. These
tumors are aggressive and metastasize readily to
the liver. In fact, some of the older studies of a
double malignant primary in the stomach and
liver probably represent gastric hepatoid carci-
nomas with liver metastases. Nevertheless, this
topic is complex, and not only patients with liver
metastasis but also patients with a synchronous
primary liver hepatocellular carcinoma have
been reported.

Unusual features of gastric hepatoid adeno-
carcinomas include high levels of serum a-
fetoprotein and an ability to secrete bile. An
occasional gastric adenocarcinoma has no
hepatoid features, but perigastric lymph node

Figure 2.11. Metastatic antral carcinoma. A: A large liver metastasis (arrows) was detected first. B: Only then was a primary antral
carcinoma discovered.

A

B

Table 2.3. Borrmann classification of gastric carcinomas

Type Description

I Polypoid tumor with no ulceration
II Fungating, ulcerating tumor with distinct 

borders
III Ulcerating tumor with poorly defined borders
IV Diffusely infiltrating tumor without ulceration 

(linitis plastica appearance)
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metastases contain hepatoid characteristics,
suggesting hepatoid differentiation only in
metastatic foci. The histology of these tumors
shows an adenocarcinomatous component
intermingled with hepatoid regions.

Some degree of neuroendocrine differentia-
tion is common both in conventional and hepa-
toid gastric cancers. In most tumors endocrine
cells are either scattered or grouped in small
clusters and are independent of tumor stage or
histologic type. One unusual gastric carcinoma
variant is the presence of an osteoclast giant cell
stromal component. An occasional odd histo-
logic mix is encountered, such as a primary
coexistent adenocarcinoma and choriocarci-
noma.

Detection

Imaging

Currently most initial detection of gastric
cancer is by endoscopy and biopsy of a suspi-
cious tumor. Barium studies are generally per-
formed for other indications, and gastric
cancers are detected incidentally (Fig. 2.12).
Nevertheless, an occasional patient still presents
with gastric outlet obstruction secondary to an
extensive cancer (Fig. 2.13). Currently, many
physicians believe that imaging has a role pri-
marily in staging rather than initial cancer
detection, yet some studies point to barium
having a role in these patients. Thus in patients
with pathologically proved scirrhous gastric
carcinomas, tumor location and extent were
correctly identified by endoscopy in only 33%,
while barium studies were accurate in 68% of

patients (33); upper gastrointestinal studies
reveal thick and irregular folds, ulcerations and
nodularity.

Calcifications are rare in primary gastric
cancers, with most calcifications developing in
well-differentiated mucinous adenocarcinomas,
although an occasional scirrhous carcinoma
contains calcifications.

Giant gastric ulcers can be either benign or
malignant. Statistically, however, a giant ulcer is
more likely to be malignant. The presence of
fistulas generally signifies an advanced gastric
cancer.

Figure 2.12. Fundal adenocarcinoma (arrows) in a patient 
evaluated for reflux.

Figure 2.13. Antral adenocarcinoma. A barium study (A) and computed tomography (CT) (B) detect marked antral infiltration
(arrow). (Courtesy of David Katz, M.D., University of Massachusetts.)

BA
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Many radiologists believe that at initial pres-
entation an antral adenocarcinoma does not
spread across the pylorus into the duodenal
bulb, the exceptions being if a patient is
immunocompromised or during late presenta-
tion with extensive tumor spread when bulbar
involvement is common. Radiologists use this
observation to differentiate among an antral
cancer, lymphoma, and peptic ulcer disease,
with the latter two readily extending across the
pylorus. In a minority of patients, however,
transpyloric spread occurs with an antral carci-
noma. Duodenal invasion is either direct,
through deep muscle layers or lymphatics, or
through venules. Barium studies reveal a rigid,
open, and eccentric pylorus and a deformed
bulb. Computed tomography identifies infiltra-
tion extending across the pylorus.

A retrospective review found perceptual error
to be the reason for not detecting 41% of 27 car-
cinomas by upper gastrointestinal radiography
performed within 3 years prior to tumor diag-
nosis (34); the most common overlooked
finding was an intramural depression.

Computed tomography tumor detection is
aided by gastric distention with water (called
hydro-CT). A hypotonic agent helps maintain
gastric distention.

In a collection of advanced gastric cancers, a
triphasic CT technique achieved a 98% detec-
tion accuracy (35); of these, 28% were best seen
on parenchymal phase during gradual enhance-
ment from the mucosal side. Computed tomog-
raphy of a typical gastric carcinoma reveals
focal gastric wall thickening and mild-to-
moderate arterial phase enhancement. Exten-
sive gastric wall thickening develops with tumor
growth, with some tumors exhibiting marked
enhancement. Computed tomography can miss
early linitis plastica, although when it is well
established, CT reveals diffuse gastric wall
thickening. When extensive, scirrhous carcino-
mas result in extensive circumferential infiltra-
tion of the stomach, although some of these
tumors are plaque-like in appearance. A less
common linitis plastica cancer appearance is
diffusely thickened gastric rugal folds with no
apparent overlying ulcerations; the appear-
ance mimics diffuse lymphoma, less often
Ménétrier’s disease. Dynamic CT shows most
nonscirrhous carcinomas to have either homo-
geneous contrast enhancement or at least a thin
outer layer, whereas scirrhous ones tend toward

a gastric wall consisting of two layers: a lower
attenuation thick outer layer and a higher atten-
uation thick inner layer.

Computed tomography arteriography, per-
formed by injecting contrast through a catheter
in the celiac trunk, correctly detected seven of
eight early gastric cancers and all 13 advanced
gastric cancers (36). Computed tomography
arteriography is not used as a primary tool for
gastric cancer detection, but it is of potential use
for cancer staging.

Endoscopic US shows promise in detecting
gastric malignancies, achieving sensitivities
over 95%. It delineates gastric wall and adjacent
structure infiltration. Mucinous carcinomas
result in a hyperechoic endoscopic US appear-
ance due to mucinous content and surrounding
fibrosis. Endoscopic US of scirrhous carcinomas
reveals irregular hypoechoic thickening of sub-
mucosa and muscularis propria.

Some scirrhous carcinomas are hypointense
on both T1- and T2-weighted images, presum-
ably due to the often associated fibrosis. Such 
a pattern is seen with linitis plastica. Little
enhancement is evident with linitis plastica.
Magnetic resonance reveals most gastric
cancers as early enhancing thickened gastric
wall tumors.

Both intestinal adenocarcinomas and various
endocrine neoplasms contain receptors for
vasoactive intestinal peptide (VIP) and scintig-
raphy with I-123 VIP appears advantageous.
Binding of labeled VIP by primary tumors and
metastases is visible for up to 24 hours in
primary and recurrent gastric adenocarcino-
mas.

Endoscopy

Accuracy of gastric cancer detection with
endoscopy varies considerably, especially with
diffusely infiltrating cancers that are covered by
intact mucosa. Even some biopsies are noncon-
tributory, with cancer cells being dispersed in 
a fibrous matrix. Tumor location is better 
appreciated on an imaging study than with
endoscopy.

In general, endoscopy of a polyp revealing
normal overlying gastric mucosa suggests a
mesenchymal tumor. Nevertheless, on rare
occasion an adenocarcinoma will be  mostly
intramural and even invade to the serosa and
not be detected by endoscopy or even biopsies.
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Early Gastric Cancer

Clinical

Controversy surrounds the definition of an early
gastric cancer. In Japan, a diagnosis of an early
gastric cancer is made considerably more 
often than in the West. Some observers believe
that an early gastric cancer is simply an early
stage of a conventional gastric cancer rather
than a different disease entity, an opinion not
universally shared. Early gastric cancers tend to
be intestinal type rather than diffuse type. In
Japan about 10% of early gastric cancers are
multiple.

Metastasis to lymph nodes is rare if a 
gastric cancer is limited to the mucosa; nodal
involvement is more common with submucosal
tumor spread. In the occasional patient with a
recurrence after curative resection for early
gastric cancer, recurrence is believed to be sec-
ondary to occult metastases in perigastric
lymph nodes.

Endoscopic resection of early gastric cancer
is performed in some countries for elevated
mucosal cancers <2 cm in size and depressed
mucosal cancers without ulceration <1 cm in
size. Although endoscopic resection is possible
for some tumors with submucosal extension,
those with deep submucosal invasion are not
cured with this approach.

Imaging

Detection and staging cannot be discussed sep-
arately for early gastric cancers because the
definition already implies that a tumor is
limited to the mucosa or at most submucosa.
Computed tomography has a limited role in
detecting early gastric cancer. Among patients
with an early gastric cancer, axial CT identified
64% of tumors, whereas 3D CT images revealed
94% (37). On the other hand, using a triphasic
CT technique and a water-filled stomach,
another study detected only 23% and achieved
a staging accuracy of 15% (35); those early
cancers detected were best seen during the arte-
rial or parenchymal phases.

Early gastric cancers detected by CT are poly-
poid, elevated, or invade submucosa. Wall thick-
ening with early gastric cancers is limited to the
inner layer only. These cancers show CT contrast
enhancement. Advanced cancers also have con-

trast enhancement, but gastric wall thickening
generally is more diffuse.

Postcontrast CT (mucosal phase, 38 to 45
seconds after the start of contrast injection) in
patients with early gastric cancer revealed three
patterns (38): (1) localized thickening of an
inner hyperenhancing layer; (2) focal interrup-
tion of an inner hyperenhancing mucosal layer;
and (3) focal protrusion of the inner hyper-
enhancing layer. The lesions became less dis-
tinct on a delayed phase. Overall, CT early
gastric cancer detection rate was 57%. Of note
is that some advanced gastric cancers had an
appearance similar to early gastric cancer. Con-
siderable CT difficulty exists differentiating
between T1 cancers with submucosal invasion
and more advanced cancers.

Conventional endoscopy and endoscopic US
have roughly similar accuracy in determining
the depth of invasion with early gastric cancers.

Staging

The TNM staging classification is outlined in
Table 2.4. Preoperative staging of gastric cancer
is of obvious importance but is fraught with
uncertainty. Intraoperative surgical assessment
tends to overstage early invasion and under-
stage deep invasion. Microcarcinosis, defined as
scattered carcinoma cells within lymph node
sinuses or pulp without surrounding stromal
reaction, is common in otherwise pN0 tumors;
the number of detected tumor cells and involved
lymph nodes carries prognostic significance, a
significance differing from that found with
gross lymph node metastasis.

Primary gastric cancer typically spreads to
adjacent lymph nodes and liver. In a prospective
study of regional lymph nodes from consecutive
patients with primary gastric cancer, the mean
diameter of tumor-free lymph nodes was 
4.1 mm and those infiltrated by metastases 
was 6.0 mm (39); a practical problem is that
although 80% of tumor-free lymph nodes were
<5 mm in diameter, 55% nodes containing
metastases were also <5 mm in diameter and the
authors concluded that lymph node size is not a
reliable indicator for lymph node metastasis. In
spite of such findings, many authors assume 
an arbitrary boundary between normal and
metastatic nodes. Currently no imaging modal-
ity is sufficiently accurate to reliably predict
lymph node involvement. Perigastric lymph
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nodes can be infiltrated by tumor but still be
normal in size; conversely, some enlarged nodes
do not contain tumor. Compounding the issue
is that a nonneoplastic reactive infiltrate devel-
ops in some lymph nodes close to a cancer. Such
sarcoid-like epithelioid cell lesions are detected
in regional lymph nodes in about one third of
gastric cancers; they are independent of tumor
stage, type, and tumor grade, and do not aid in
prognosis.

Fluoroscopic guidance of nasogastric biop-
sies is feasible to establish boundaries of a
known gastric carcinoma, but this technique
has achieved only limited acceptance.

Comparing published CT, US, and MR gastric
cancer staging results is fraught with difficulty.
Sensitivities vary markedly, depending on the
basic assumptions used. As a gross approxima-
tion, helical CT and endoscopic US appear to
provide similar T and N staging accuracies.
Most problems arise in differentiating T2 and
T3 tumors.

Computed Tomography

Computed tomography staging of gastric cancer
has been rather disappointing and continues to
be controversial. Some patients have oblitera-
tion of adjacent fat planes due to cachexia or
inflammation. Some CT studies have achieved a
tumor (T) and node (N) staging accuracy of
only about 50% (40), although multislice tripha-
sic CT results are more accurate. In general, CT
differentiation between T3 and T4 cancers is not
sufficiently accurate to predict resectability. It is
accurate, however, in detecting distant metas-
tases, and some surgeons rely on CT primarily
to detect these metastases. Computed tomogra-
phy more often suggests correctly unresectabil-
ity rather than resectability.

Depth of tumor invasion and serosal inva-
sion are believed to be difficult to determine
even with helical CT. Yet in establishing serosal
invasion, use of hydro-CT, induced hypotonia,
and prone patient position has achieved a sen-
sitivity of 100% and specificity of 80% to 87%
(41).

The ability of multislice CT to detect lymph
nodes depends on node size; roughly half of
nodes <10 mm and about 75% of those >10 mm
are detected. Detecting tumor in a lymph node
is another matter; intrinsically, nothing in the
CT appearance suggests that a particular lymph
node is involved by tumor.

Staging accuracy of CT arteriography in
patients with gastric cancer was 77% for serosal
invasion and 76% for regional lymph node
metastasis (36); of note is that accuracy for 
T staging of early gastric cancers was only 
50%.

Whether multislice 3D images aid in staging
gastric cancers remains to be determined.

Table 2.4. Tumor, node, metastasis (TNM) staging of gastric
carcinoma

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma-in-situ
Tl Tumor invades lamina propria or submucosa
T2a Tumor invades muscularis propria
T2b Tumor invades subserosa
T3 Tumor penetrates serosa
T4 Tumor invades adjacent structures

Lymph nodes:
Nx Regional nodes cannot be assessed
N0 No metastases in regional lymph nodes
N1 Metastases in 1 to 6 regional lymph nodes
N2 Metastases in 7 to 15 regional lymph nodes
N3 Metastases in more than 15 regional lymph 

nodes

Distant metastasis:
Mx Distant metastases cannot be assessed
M0 No distant metastases
M1 Distant metastases

Tumor stages:
Stage 0 Tis N0 M0
Stage IA T1 N0 M0
Stage IB T1 Nl M0

T2a,b N0 M0
Stage II T1 N2 M0

T2a, b N1 M0
T3 N0 M0

Stage IIIA T2a, b N2 M0
T3 N1 M0
T4 N0 M0

Stage IIIB T3 N2 M0
Stage IV T4 N1–3 M0

T1–3 N3 M0
any T any N M1

Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.
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Ultrasonography

Ultrasonography detection of motion (the
sliding sign) between a gross gastric cancer and
pancreas aids in assessing pancreatic invasion.
In patients with advanced gastric cancer, the
presence of such a US sliding sign yielded 80%
sensitivity and 96% specificity in detecting pan-
creatic invasion (42); the presence of sliding
motion by a tumor against the pancreas on res-
piration or on extrinsic transducer compression
and a preserved fat plane between the two struc-
tures signified the lack of pancreatic invasion.

Theoretically, endoscopic US with its high
resolution should be able to detect submucosal
or deeper invasion and thus aid in differentiat-
ing early gastric cancer from an advanced one.
Published studies suggest that endoscopic US is
superior to both CT and intraoperative surgical
staging, achieving a T-stage accuracy of about
60% to 90% and an N-stage accuracy of 65% to
70%. Endoscopic US-guided fine needle aspira-
tion cytology is an option for evaluating gas-
trointestinal wall infiltration and even lymph
node staging. Staging is limited for large carci-
nomas extending beyond the stomach. The most
frequent cause of understaging depth of inva-
sion is microscopic tumor spread, whereas sur-
rounding inflammation leads to overstaging.
Nodal staging by endoscopic US should be
approached cautiously; most published results
are on a per patient basis; expressed on a per
node basis, accuracy falls considerably, similar
to other imaging modalities.

Magnetic Resonance Imaging

Limited data are available about the role of MRI
in staging gastric cancer. Gastric distention with
an oral contrast agent appears advantageous in
these patients, but no major difference between
water and gadolinium is apparent (43).

Current evidence suggests no significant
accuracy differences in either T or N staging
between preoperative MRI and CT. For example,
the T stage was overstaged with MRI in 7% and
CT in 10% and understaged with MRI in 20%
and CT in 23%. The N stage was overstaged with
MRI in 10% and CT in 7% and understaged with
both MRI and CT in 34% (44). Comparable
results have been achieved in other studies. Rel-
ative accuracy of lymph node metastases varies
considerably between MR studies, ranging from

only about 50% to over 90% with some tech-
niques. In general, MRI tends to be superior to
CT in T staging, but CT is superior in N staging.

Compared to surgical staging, MRI staging is
accurate for 75% to 80% of tumors, being higher
for more extensive tumors (45); an interrupted
hypointense band or enhancing tumor pene-
trating through the gastric wall signifies tumor
penetrating serosa.

Therapy

For Cure

The highest cure rates are reported from 
Japan, where early gastric cancer detection is
greatest. Outside of Japan, advanced disease is
common. In many Western centers most of
these cancers are already advanced, and cure
rates are dismal. Typical statistics are that only
two thirds of gastric cancer patients undergo
surgery and of these in only half is tumor resec-
tion feasible. Generally age is no barrier, and in
patients aged 80 years or older with gastric
cancer some investigators achieve crude 5-year
survival rates of over 40% in those amenable to
curative resection (46). Parameters predicting
survival in patients with advanced gastric
cancer undergoing potentially curative resec-
tion are depth of tumor invasion, lymph node
invasion, and tumor histologic classification
(Fig. 2.14).

Some patients with an unresectable gastric
cancer undergo chemotherapy in an attempt to
downstage the cancer. Results of chemotherapy,
evaluated by CT, have been mixed. Some gastric
hepatoid adenocarcinomas respond to adjuvant
chemotherapy.

Palliation

Whether patients with metastatic gastric can-
cer should undergo palliative resection, even
laparoscopic, is questionable. But before we
adopt a fatalistic outlook, however, it should be
pointed out that although most patients with
stage IV gastric cancer have a poor prognosis,
some of these patients with a resectable cancer
do survive for 5 years or longer.

Palliation with self-expanding flexible metal-
lic stents is an option for inoperable malignant
gastric outlet obstruction; both peroral and per-
cutaneous gastrostomy approaches are used. In
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general, results are less favorable than in the
esophagus. Successful palliation of patients 
with malignant gastric or duodenal obstruction
using self-expandable covered metallic stents
can be achieved in over 75% (47,48). Complica-
tions consist of stent migration and fracture.
Overall, a stent improves quality of life, restores
oral food intake, and relieves vomiting in these
patients with a limited life expectancy.

Metastasis/Recurrence

Following gastric cancer resection, the most
common recurrence is either in regional lymph
nodes or in distal organs. Metastasis to hepato-
duodenal nodes leads to obstructive jaundice.
Duct obstruction is due to not only compression
by surrounding nodes but also direct bile duct
invasion from nodes. Patient survival with liver
metastasis is short, although an occasional long-
term survivor is reported.

Metastasis to cervical lymph nodes currently
is seldom encountered. The presence of cervical
lymphadenopathy, however, is not pathog-
nomonic of cancer spread, and a biopsy is 
necessary.

Bone metastases are evaluated by Tc-99m
bone scans. Common metastatic sites are spine,
then ribs, pelvis, femur, and skull. These sites are
also common for other malignancies. A direct
correlation exists between bone scan results and
serum alkaline phosphatase levels.

Occasionally a gastric carcinoma extends as a
tumor thrombus via gastric veins into the portal
vein; intraoperative US should be considered
when such a tumor thrombus is suspected.

Gastric scirrhous carcinomas readily metas-
tasize to other bowel. Direct spread and invasion
to transverse colon via the gastrocolic ligament
is a feature of advanced gastric cancers.

More unusual metastases are to pericardium,
gallbladder, and skin. Solitary metastases have
been to the spleen and bladder. Even lep-
tomeningeal carcinomatosis has developed
before a primary gastric cancer became 
symptomatic.

Adenosquamous/Squamous Cell Carcinoma

Both adenosquamous and squamous cell gastric
carcinomas are rare. These tumors have a
predilection for the proximal part of the
stomach. Squamous metaplasia, presumably
from prior mucosal injury, appears to play a role
in the origin of squamous cell carcinomas.

Adenosquamous carcinomas tend to invade
extensively and even if limited to the submucosa
can already have metastasized.

Small Cell Carcinoma

Small cell carcinomas are rare. Their prognosis
is very poor compared with that of more
common types of gastric cancers.

The imaging appearance of gastric small 
cell carcinomas is variable and nonspecific;
described CT features consist of a bulky exo-
phytic tumor showing little peritumoral infiltra-
tion and having little contrast enhancement
(49).

A gastric small cell carcinoma developed in a
man with a 5-year history of progressive sys-
temic sclerosis (50); serum CEA and neuron-
specific enolase levels were elevated, and
imaging revealed a sharply marginated and
ulcerated tumor.Although esophageal and some

Figure 2.14. Recurrent gastric carcinoma after a Billroth II
resection 6 months previously for antral cancer. Most of the
residual stomach is now infiltrated.
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other cancers developing in a setting of pro-
gressive systemic sclerosis are not uncommon,
gastric cancer is exceedingly rare.

Lymphoma

Clinical

The gastrointestinal tract is the most common
extranodal site for non-Hodgkin’s lymphoma,
with the stomach being most often involved. A
study of adults in a Copenhagen county with
primary gastrointestinal non-Hodgkin’s lym-
phoma found 50% with gastric lymphomas,
25% with lymphomas of the small intestine,
20% with lymphomas of the colon, and 4% with
multifocal involvement (51). A different prog-
nosis and therapy distinguish these lymphomas
from nodal lymphomas. B-cell origin lym-
phomas and MALT lymphomas predomi-
nate among patients with primary gastric 
lymphoma.

A convenient subdivision is into MALT, low-
grade lymphomas, high-grade lymphomas, and
Burkitt’s lymphomas. Various low-grade lym-
phomas can be identified by their different
monoclonal antibodies. Epstein-Barr virus
genomes are detected only in an occasional lym-
phoma. One type of less common T-cell lym-
phoma is associated with celiac disease.

The relation between tumors of B-cell 
origin is not clear-cut. Chronic lymphocytic
leukemia and lymphocytic lymphoma appear
related to different stages of B-cell differ-
entiation; one proposed pathway of B-cell 
differentiation leads to immunoglobulin M
(IgM)-producing plasma cells and manifests as
plasmacytoid lymphocytic lymphoma, whereas
another produces IgG- or IgA-positive plasma
cells and leads to plasmacytoma (and multiple
myeloma).

As the term mucosa-associated lymphoid
tissue (MALT) suggests, it is found in the epithe-
lium. The term MALT lymphoma is a descriptive
one for lymphoid tissue in this location; never-
theless, it has achieved specific therapeutic and
prognostic significance. Current evidence sug-
gests that oncogenesis of MALT lymphomas
involves proliferation of autoreactive B cells in
response to H. pylori–specific T cells, and the
genetic instability of these B cells then induces
chromosomal abnormalities. Especially in a

setting of H. pylori gastritis, gastric lamina
propria undergoes lymphoid infiltration and
lymphoid hyperplasia. Whether this tissue rep-
resents a precursor of lymphoma or is indeed
lymphoma is a matter of degree and often is
controversial. Clinically, most MALT lym-
phomas are more benign than their nodal coun-
terparts. Low-grade ones tend to be indolent
and remain localized for many years. Some
spread to other mucosal sites. H. pylori is
identified in a majority of these patients.

In eradicating H. pylori, antibiotic therapy
also decreases the amount of lymphoid tissue in
most patients, although some continue to be H.
pylori positive/MALT positive, H. pylori nega-
tive/MALT positive, or H. pylori positive/MALT
negative. In an occasional patient, in spite of
antibiotic therapy, transition of low-grade to
high-grade lymphoma still occurs. Staging with
endoscopic US appears useful in predicting
response of low-grade MALT lymphomas to H.
pylori therapy.

Although biopsy is essential for diagnosis,
some intramurally located lymphomas have a
grossly normal-appearing overlying mucosa,
and superficial biopsies are unremarkable.

A number of reports discuss coexisting
malignant gastric lymphoma and adenocar-
cinoma, and this association appears to be 
more common than expected by chance. Most 
of the adenocarcinomas are macroscopically
early and histologically differentiated, but most
lymphomas are advanced and a correct preop-
erative diagnosis is established in only a minor-
ity of these patients. One should also keep in
mind that epithelial signet-ring cells are not
uncommon adjacent to a MALT lymphoma, and
these cells can be confused with a carcinoma;
reports of such double carcinoma-lymphoma
neoplasms should be viewed with caution.

The TNM staging system also applies to
gastric lymphomas.

Pathology

The MALT lymphomas appear to represent a
unique and distinct clinicopathologic entity, yet
a pathologic diagnosis of MALT lymphoma is
not always clear-cut. Pathologists divide these
lymphomas into low grade and high grade, with
an occasional high-grade and adjacent low-
grade lymphoma encountered. With progres-
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sion, they infiltrate extensively and develop into
advanced gastric lymphomas. Histologically,
these tumors are difficult to diagnose, with a
correct initial biopsy diagnosis made in only
about two-thirds of patients; a biopsy diagnosis
can be improved with immunohistochemical
and molecular biology techniques.

Low-grade primary gastric lymphomas
involve Peyer’s patches rather than lymph
nodes. Confusing the issue is that reactive lym-
phoreticular hyperplasia is common in chronic
gastritis, especially if associated with H. pylori
infection, with this lymphoid tissue presumably
having a role in a local immune response. Pre-
viously called pseudolymphoma by pathologists,
extensive lymphocytic infiltration or the pres-
ence of large lymphoid follicles should raise the
suspicion of MALT lymphoma.

Follow-up of patients with gastric lesions
difficult to distinguish between reactive lym-
phoreticular hyperplasia and MALT lymphoma
has led to an eventual diagnosis of MALT lym-
phoma in one half (52); metastases were evident
in several patients.

Imaging

The most common imaging appearance of a
primary non-MALT gastric lymphoma is that of
an ulcerating tumor, an appearance less often
seen with small bowel and colon lymphomas.

Some of these ulcerating tumors consist of a
huge ulcer surrounded by a sparse soft tissue
mass. Less common is intramural infiltration.
Growing intramurally, these lymphomas tend
either to thicken rugae massively or to result in
a linitis plastica appearance. Computed tomog-
raphy in these patients reveals marked circum-
ferential gastric wall thickening (Fig. 2.15).

Lymphoma is more common in the distal half
of the stomach. Some extend through the
pylorus into the duodenum, but gastric outlet
obstruction is not common and helps differen-
tiate lymphoma from an antral adenocarci-
noma. Associated adenopathy is common and
tends to be more extensive than seen with
gastric adenocarcinoma. A rare gastric lym-
phoma results in a fistula to an adjacent 
organ.

Endoscopic and imaging findings of low-
grade MALT gastric lymphoma ranges from a
grossly normal appearance, erosions (flat type),
ulcerations (depressed type), and a nodular 
cobblestone appearance due to lymph follicle
prominence, to thickened rugae (elevated type).
Only a minority of these lymphomas have focal
gastric wall thickening. The appearance thus
mimics that of gastritis, ulcer, early gastric car-
cinoma, or even a metastasis, such as a malig-
nant melanoma or, in an AIDS patient, Kaposi’s
sarcoma. Multiple nodules mimic a polyposis
syndrome. Thickened rugae suggest Ménétrier’s
disease. The presence of disorganized rugae,

Figure 2.15. Gastric lymphoma. A: A barium study reveals a large, ulcerated tumor (arrows) in body of stomach. B: CT shows focal
gastric wall infiltration (arrows). An atypical adenocarcinoma is in the differential diagnosis.

A

B
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poorly defined ulcer margins, and multiple
lesions suggests lymphoma. Low-grade MALT
lymphomas tend toward a nodular, almost
confluent appearance on double-contrast
barium studies, and high-grade ones tend
toward a more polypoid, ulcerated tumor.

A double-contrast gastrointestinal examina-
tion is the preferred imaging test to detect these
tumors. Computed tomography is of limited
help in detecting low-grade MALT lymphoma.
With high-grade lymphoma, CT detects not
only a gross tumor but also any associated
adenopathy. Computed tomography shows poor
enhancement of those tumors with a noticeable
intramural component.

Endoscopic US is of limited value in detect-
ing low-grade MALT lymphomas because in
some of these tumors the gastric wall is not
thickened. Wall thickening, when present, con-
sists predominantly of mucosa alone and/
or submucosa. In those with a thickened 
wall, however, endoscopic US may document 
regression to a normal-thickness wall, keeping
in mind that in some patients the mucosa 
and submucosa remain thickened even in
remission.

After radiation therapy a gastric lymphoma
often regresses to a normal appearance. Occa-
sionally seen are radiating folds to a centrally
located ulcer or scar.

Computed tomography in a 54-year-old man
with primary gastric Burkitt’s lymphoma
showed marked gastric wall thickening but
lymph nodes tend not to be enlarged (53).

Leukemia

Leukemic infiltration of the stomach generally
does not lead to bleeding.

The imaging appearance of leukemia involv-
ing the stomach ranges from normal to the
occasional massive rugal thickening (Fig. 2.16).
A rare gastric leukemia presents with intralu-
minal polyps.

Plasmacytoma

Some plasmacytomas grow rapidly. Weight loss
and upper gastrointestinal bleeding are typical
presentations.

Barium studies of the few reported primary
gastric plasmacytomas reveal a varying appear-

ance ranging from a depressed tumor patholog-
ically representing a plasma cell granuloma; a
nodular, submucosal tumor containing atypical
plasma cells; a sessile polypoid appearance; to
extensive gastric wall infiltration. Plasmacy-
tomas appear similar to carcinomas and lym-
phomas. Aside from confirming intramural
infiltration, CT is noncontributory. Plasmacy-
tomas tend to enhance poorly, similarly to 
lymphomas. Associated adenopathy is not
common.

Sarcoma

Some sarcomas manifest by their bulk, whereas
others result in chronic blood loss. An occa-
sional one presents with an acute bleed, usually
into the stomach but at times intraperitoneally.
Hypoglycemia is an occasional presentation.

Presence of a gastric stromal tumor (or an
autonomic nerve origin tumor), extraadrenal
paraganglioma, and a pulmonary chondroma
signifies Carney’s triad, with at least two of
these findings needed for a presumptive diag-
nosis. Some evidence suggests that Carney’s
triad is a disorder of the autonomic nervous
system rather than a multiple endocrine 
neoplasia syndrome or multiple hamartoma
syndrome.

Figure 2.16. Gastric involvement with chronic lymphocytic
leukemia results in thick, irregular folds (arrows) and ulcerations.
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Gastrointestinal Stromal Tumors (GISTs)

The terms stromal tumors, smooth muscle
tumors, and mesenchymal tumors are often used
interchangeably, although not all mesenchymal
tumors are stromal in origin.Also, some authors
lump all stromal tumors into one category and
simply refer to them as GISTs, others define
GISTs as soft tissue sarcomas originating from
gastrointestinal tract mesenchymal cells, and
still others limit this term primarily to undif-
ferentiated sarcomas. Most sporadic GISTs
contain somatic c-kit gene mutations, believed
to be pathogenetic for stromal tumors origi-
nating from interstitial cells of Cajal, and 
thus GISTs can be defined by the presence of
appropriate immunoreactivity, an approach
preferred by a number of experts in this field.
On the other hand, stromal tumors in neuro-
fibromatosis type 1 patients do not contain
detectable c-kit gene mutations, and in these
patients presumably develop by a different
mechanism (54). The term pure stromal tumor
as a synonym for an undifferentiated tumor
appears inappropriate. The major significance
of GISTs is their particular sensitivity to ima-
tinib mesylate (Gleevec), a selective tyrosine
kinase inhibitor and a cancer therapeutic 
agent. Most stromal tumors contain mutations
in the KIT receptor tyrosine kinase or mutations
in the platelet-derived growth factor receptor a
(55).

Based on immunohistochemical and other
techniques, stromal tumors can be subdivided
into (1) those differentiating toward smooth
muscle, (2) those differentiating toward neural
elements, (3) tumors containing both cell types,
and (4) undifferentiated stromal tumors.

Undifferentiated stromal tumors signify
those undifferentiated or poorly differentiated
tumors of stromal origin, which are difficult to
subclassify further.

Gastrointestinal stromal tumors occur most
commonly in the stomach, followed by small
bowel, then rectum, colon, and least often in the
esophagus. The most common stromal tumor in
the esophagus is a leiomyoma, and for clinical
and prognostic purposes, whenever possible,
it should be classified as such. Most stromal
tumors originate from muscularis propria, with
only a small minority from muscularis mucosa;
most of the latter are in the colon and present
as intraluminal polyps, although current evi-

dence suggests that these colonic tumors are
leiomyomas and not GISTs. Histologically, most
GISTs are spindle cell in appearance, with a
minority being epithelioid. In the past, many of
the latter were classified as leiomyoblastomas 
or epithelioid leiomyosarcomas (these are dis-
cussed in a subsection below). A minority of
stromal tumors contain a prominent myxoid
component and some of these are at the bor-
derland of being considered GISTs.

Gastrointestinal stromal tumors’ malignant
potential is estimated based on their mitoses per
high power field. Patient survival is significantly
related to number of mitoses.

The imaging appearance of GISTs varies
markedly; they range from mostly exophytic,
intramural, intraluminal, to a dumbbell-shaped
appearance (56). They predominate in the
gastric fundus and body. Small tumors have a
sharp margin, tend to be mostly intraluminal
and have a homogeneous density on unen-
hanced and contrast enhanced images (57); with
growth, they become irregular in outline, have a
larger extraluminal component and are more
inhomogeneous in density. Large ones infiltrate
adjacent organs. Presence of metastases estab-
lishes malignancy. When detected with barium
or CT, many appear large, bulky, and ulcerated
(Fig. 2.17). Stromal sarcomas tend to be solitary,
multilobulated and mostly exophytic. Necrosis
and hemorrhage are common. Interestingly,
GISTs rarely obstruct bowel lumen. Ulceration
of overlying mucosa is common with the larger
ones, accounting for their propensity to bleed.
Computed tomography and MRI readily outline
the extraserosal extent of both benign and
malignant varieties. Coronal and sagittal CT
and MRI reconstructions are at times useful in
establishing the organ of origin of large GISTs.
Postcontrast, these tumors have variable
enhancement except in regions of necrosis.
Calcifications are rare. These stromal tumors
rarely metastasize to lymph nodes, and the pres-
ence of enlarged adjacent nodes should suggest
another diagnosis. Except when metastases are
present, imaging cannot differentiate benign
stromal tumors from malignant ones or other
solid tumors such as neuroendocrine ones.
Endoscopic US findings in 35 benign and malig-
nant stromal cell tumors suggest that a tumor
diameter of >4 cm and an irregular extralumi-
nal border, hyperechoic foci, and cystic regions
point toward a malignancy (58).
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Preoperatively, a pathologic diagnosis is often
not made; endoscopic cytology is generally 
negative and even endoscopic biopsy is often
negative.

Leiomyosarcoma

Most gastric leiomyosarcomas discussed in the
older literature would now be classified as
GISTs.

Multiple gastric leiomyosarcomas are rare.
Imaging readily identifies these tumors (Fig.
2.18). In children, some gastric leiomyosarco-
mas reveal regions of necrosis and calcification,
findings less common in adults.

Prognosis depends on tumor size, degree of
mitotic activity, and nuclear grading. A poor
prognosis can be predicted if four or more
mitoses are identified per 20 high power fields
or if severe nuclear atypia is present. Ulceration

Figure 2.17. Stromal tumors (gastrointestinal stromal tumor, GIST). A: One tumor at the gastric cardia mimics an adenocarcinoma.
B: A large ulcerated GIST has replaced most of the gastric fundus (arrows).This appearance would be atypical for an adenocarcinoma.
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Figure 2.18. A: Gastric leiomyosarcoma with both an intraluminal and an extraserosal component. B: Another patient with a mostly
extraserosal gastric leiomyosarcoma. (Courtesy of Harpreet Pannu, M.D., and Elliott Fishman, M.D., Johns Hopkins University.)

A B
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and a diameter greater than 6 cm also imply a
poor prognosis.

Epithelioid GISTs (Leiomyoblastomas)

Most leiomyoblastomas (also called epithelioid
leiomyosarcomas or epithelioid stromal tumors)
tend to be slow growing. About 25% are malig-
nant. Although most are intramural in location,
an occasional one grows primarily intraluminal,
and even prolapsing into the duodenal bulb.
Computed tomography revealed one connected
to the serosal surface by a narrow stalk and
changing its location in the peritoneal cavity
during studies (59).

Their imaging appearance is similar to
leiomyosarcomas (Fig. 2.19). Magnetic reso-
nance imaging of a recurrent gastric leiomyo-
blastoma 14 years after initial presentation
revealed a heterogeneous and moderately hy-
pointense signal on T1-weighted images and a
heterogeneous and moderately hyperintense
signal on T2-weighted images (60); the tumor
enhanced somewhat postgadolinium, with
enhancement increasing on delayed images. The
heterogeneous appearance suggested regions 
of necrosis.

Liposarcoma

Primary gastric liposarcomas are rare. An occa-
sional one contains sufficient fat to be identified

by CT, but in general their imaging appearance
is similar to that of other stromal tumors. One
presented as a large ulcerated submucosal mass
at the incisura (61).

Histiocytoma

A primary gastric malignant fibrous histiocy-
toma is very rare. These solid, intramural
tumors are similar in appearance to other
gastric sarcomas.

Angiosarcoma

A patient on hemodialysis for 21 years was
found to have multicentric gastrointestinal
angiosarcomas (62); autopsy revealed lung,
bone, liver, gallbladder, and lymph node 
metastases.

Kaposi’s Sarcoma

Kaposi’s sarcomas are subdivided into the
Mediterranean (non-AIDS) type and those
associated with AIDS. Patients with Mediter-
ranean Kaposi’s sarcoma also develop gastroin-
testinal tumors.A typical imaging appearance is
that of a sessile polyp (Fig. 2.20).

Carcinosarcoma

Occasionally detected is a tumor containing an
adenocarcinoma and mesenchymal elements
such as a rhabdomyosarcoma or osteosarcoma
and that is labeled carcinosarcoma by patholo-

Figure 2.19. Leiomyoblastoma. CT identifies a soft-tissue
density tumor (arrows) containing a lucent center and focal gas.
It was believed initially to represent an abscess.

Figure 2.20. Kaposi sarcoma seen as a submucosal nodule
(arrow) in an AIDS patient.
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gists (or sarcomatoid carcinoma, although these
two terms are differentiated by pathology
purists). In some cases, an immunocytochemi-
cal study suggests that the carcinomatous cells
have transformed into sarcomatous cells or even
vice versa. A number of these patients have had
a previous partial gastrectomy performed years
earlier.

Metastasis or Direct Invasion

With the exception of breast cancer and malig-
nant melanoma, metastases to the stomach are
not common; more often encountered is direct
invasion from adjacent structures. Typical is
pancreatic carcinoma, which readily invades the
stomach, duodenum, and other adjacent struc-

tures (Fig. 2.21). Peritoneal carcinomatosis also
involves the stomach. A rare metastasis is from
a renal cell carcinoma, at times one resected
years previously. Establishing a primary site 
can be difficult with simultaneous gastric and
ovarian carcinomas (Fig. 2.22). These metasta-
tic carcinomas ulcerate, bleed, obstruct, or even
perforate.

A vast majority of gastric melanomas are
metastatic (Fig. 2.23). Only a rare one is believed
to be a primary gastric melanoma, a diagnosis
to be made with caution.

Not all tumor diagnosis is straightforward;
at times imaging studies and endoscopy with
biopsy suggest an inflammatory condition, such

Figure 2.21. Pancreatic body adenocarcinoma invading
stomach (arrow).

Figure 2.22. Patient with ovarian carcinoma (A, arrows) devel-
oped gastric metastasis (B), seen as a polypoid tumor involving
the greater curvature (arrows). (Courtesy of William Bechtel, M.D.,
M.D. Anderson Hospital, Houston, Texas.)

A

B

Figure 2.23. Gastric melanoma presenting as multiple polyps
(arrows). (Courtesy of Arunas Gasparaitis, M.D., University of
Chicago.)
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as gastric Crohn’s disease, when in fact metasta-
tic breast carcinoma or other metastasis to the
stomach is responsible for an inflammatory
reaction around sparse tumor cells, but this is a
limitation of biopsy, and especially cytology,
rather than an indictment of imaging or
endoscopy.

Neuroendocrine Tumors

Autonomic Nerve Tumor

Gastrointestinal autonomic nerve (GAN)
tumors morphologically resemble an enteric
plexus and were originally called plexomas or
plexosarcomas. They consist of spindle-shaped
cells mimicking a smooth muscle tumor, such as
a GIST, or schwannoma. They also contain
synapse-like structures and contain neurosecre-
tory granules, suggesting a myenteric plexus
origin.

Schwannoma

A schwannoma, also known as neurilemmoma,
neurinoma, and perineural fibroblastoma, orig-
inates from peripheral nerve sheaths (Schwann
cells) and is found at peripheral neural tissue
sites. Most are benign, with about half of the
malignant ones occurring in a setting of
neurofibromatosis type 1 (von Recklinghausen’s
disease). Radiation therapy appears to predis-
pose to schwannoma formation. These are rare
tumors in children and are rare in the stomach.
Clinically, schwannomas present with bleeding
from erosions, obstruction, or, if large enough,
a palpable mass.

The imaging appearance is similar to that of
other stromal (mesenchymal) tumors. Hetero-
geneous tumor CT contrast enhancement is
evident in some. An occasional schwannoma is
partly cystic and shows peripheral contrast
enhancement with CT and MRI.

Endoscopic biopsy is not always straightfor-
ward with these tumors, at times suggesting a
GIST or leiomyoma, with only a resected speci-
men confirming a schwannoma.

Zollinger-Ellison Syndrome

Zollinger-Ellison syndrome develops as a result
of a gastrin-secreting tumor, gastric acid hyper-
secretion, and resultant severe peptic ulcer

disease (gastrinomas are discussed in more
detail in Chapter 9). Primary gastric gastrino-
mas are uncommon; most are in the duo-
denopancreatic region. Clinically, these patients
range from those with atypical peptic ulcer
disease to those with malabsorption. Of note is
that not all patients with an elevated gastrin
level manifest Zollinger-Ellison syndrome.

H. pylori infection is not a risk factor for
ulcers in these patients; in fact, prevalence of H.
pylori infection in patients with Zollinger-
Ellison syndrome is lower than in the general
population and much lower than in patients
with classic peptic ulcer disease.

Carcinoid

Contrary to earlier belief, gastric carcinoids are
common and in fact may be the most common
gastrointestinal location for these tumors.
Gastric carcinoids can be subdivided into
several categories:

1. In association with chronic atrophic gas-
tritis, gastric enterochromaffin-like cell
hyperplasia and pernicious anemia

2. In association with Zollinger-Ellison 
syndrome

3. In association with multiple endocrine
neoplasia type 1

4. Sporadic carcinoids 

Pathogenesis of all except the last type is
influenced by promoting agents, such as hyper-
gastrinemia and transforming agents, and 
carcinoids develop through a hyperplasia–
dysplasia–neoplasia sequence. In general, these
are associated with a good prognosis. Patho-
genesis of the sporadic carcinoids is unknown;
these patients have a poor prognosis.

A majority of gastric carcinoids are associ-
ated with chronic atrophic gastritis, and about
half of these patients have multiple tumors.
Gastric enterochromaffin-like cell hyperplasia is
common in autoimmune gastritis, and presum-
ably carcinoids found in some of these patients
are related to hyperplasia. Evidence suggests
that gastric enterochromaffin-like cell carci-
noids constitute an independent tumor in mul-
tiple endocrine neoplasia type I (MEN-I)
syndrome and develop with enteropancreatic
and parathyroid MEN-I tumors via inactivation
of the MEN-I gene.
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The prevalence of gastric carcinoids is
increased in a setting of hypergastrinemia. The
drug omeprazole leads to an increase in serum
gastrin levels and in laboratory animals induces
gastric carcinoids. An achlorhydria–hypergas-
trinemia–carcinoid sequence appears to exist.
Hypergastrinemia-associated carcinoids tend to
have a benign course and some are managed by
endoscopic excision. Sporadic carcinoids occur
throughout the stomach and are not related to
gastrin levels. They are more likely to be malig-
nant than the other types.

Contrast-enhanced imaging studies are nec-
essary to detect these hypervascular tumors.
Carcinoids tend to enhance more than normal
gastric wall on contrast-enhanced MR.

Glomus Tumor

Computed tomography of two gastric glomus
tumors revealed peripheral nodular or homoge-
neous arterial phase contrast enhancement, fol-
lowed by prolonged late phase enhancement
(63).

Gastric Dilation
Gastric Emptying Studies
Gastric emptying is influenced by the presence
of duodenal acid or fat. Acid in the duodenum
induces tonic duodenal constrictions and
increases gastric emptying, but bile and fat
delay gastric emptying by decreasing duodenal
contractility. Animal and vegetable fats have
similar effects on gastric emptying (64). Accel-
erated gastric emptying is found in several 
conditions, namely non–insulin-dependent dia-
betes, increased body mass index, hypertension,
hyperthyroidism, and after some medications,
such as erythromycin. Gastric motility in dia-
betes mellitus, however, is a complex issue (see
Gastroparesis, below). Gastric liquid emptying
is accelerated after truncal vagotomy; emptying
of solids is also usually increased, but results are
inconstant.

Gastric emptying and gastric motility studies
are feasible with MRI. Adding gadolinium con-
trast to a liquid meal results in a bright gastric
lumen. Serial 3-D T1-weighted gradient-echo
MRI every 5 minutes or so assesses gastric

volumes and detects delayed gastric emptying
(65). A T1/2 value can be calculated from a plot
of gastric emptying. Whether such MR tech-
niques have a role in clinical practice remains to
be established.

Similar to MR, gastric emptying scintigraphy
using various Tc-99m–labeled solids and liquids
generate gastric radioisotope time-activity
curves from which a gastric emptying rate and
half-times are calculated. A two-point method
(at 0 and 120 minutes) correlates well with a
multiple point conventional method and saves
substantial technologist and camera times (66).
An emptying half-time implies exponential
emptying, which is not necessarily true and thus
introduces a variable; nevertheless, an emptying
half-time is often used as a standard. To be
reproducible, several corrections are incorpo-
rated, including radioisotope decay during test
time and variation in tissue attenuation
between patients. Men have a faster gastric 
emptying rate, shorter half-emptying time,
and lower residual radioactivity than women.
Patient positioning and meal composition 
and size need be standardized by each labora-
tory performing these studies and normal
ranges established. Also, mechanical gastric
outlet obstruction should be excluded prior to
the test.

A solid test meal is more reliable and is
employed more often than a liquid meal. The
radioisotope should not disassociate from the
test meal used, otherwise results will approach
those of a liquid meal. Initially Tc-99m–sulfur
colloid–labeled chicken liver was the test meal
used, having been supplanted in most institu-
tions by an egg meal. The half-times obtained
with a solid liver meal differ from those of an
egg meal; the latter is more of a semisolid 
consistency.

Other methods of measuring gastric empty-
ing include oral ingestion of acetaminophen in
a test meal followed by serial blood sampling for
plasma acetaminophen. Breath sampling for
13CO2 after a liquid test meal containing 13C-
acetate provides a gross estimate of gastric emp-
tying time. Also, in experienced hands a barium
upper gastrointestinal study is often adequate to
evaluate gastric emptying.

In children, a Tc-99m–sulfur colloid milk
scan is useful in evaluating both gastroe-
sophageal reflux and gastric emptying. In-111-
DTPA in water is a liquid marker. One
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refinement is a dual-phase solid-liquid combi-
nation, although the added complexity is not
necessary in many patients. Serial imaging
allows calculation of activity as a percent of
original; the gastric emptying half-time is then
calculated.

The sulfamethizole absorption test evaluates
gastric motility and gastric emptying. This test
relies on a rapid absorption of sulfamethizole
from proximal small bowel.

Gastric Outlet Obstruction
Infant Hypertrophic Pyloric Stenosis

Clinical

Etiology of infantile hypertrophic pyloric steno-
sis (IHPS) is not known. Hypergastrinemia
appears to have a pathogenetic role. Genetic
factors also are involved; IHPS is encountered
more often if a parent or sibling has had the
condition. It is more common in boys. A possi-
ble connection exists between IHPS and allergic
gastroenteropathy; both entities narrow the
pyloric region. In some infants IHPS is associ-
ated with eosinophilic gastroenteritis; histolog-
ically, these infants have pyloric circular mus-
cle hypertrophy and hyperplasia. Jaundice in
several infants with IHPS was believed to repre-
sent an early manifestation of Gilbert’s syn-
drome (67).

A surprising number of other bowel obstruc-
tions have been reported in a setting of IHPS,
including a duodenal web, coexisting hyper-
trophic antral polyp, pyloric mucosal hypertro-
phy, an adjacent cyst or duplication, and a solid
tumor. An occasional infant develops IHPS
during the postoperative period after repair of
some other congenital condition.

Some infants with cyanotic congenital heart
disease undergo prostaglandin infusion therapy
and some then develop gastric outlet obstruc-
tion. Persistent but asymptomatic gastric dis-
tention develops in some infants within 48
hours of initial prostaglandin therapy and in a
minority evolves into feeding intolerance with
continued prostaglandin therapy; gastric dis-
tention resolves in most when prostaglandin
therapy is stopped. Although superficially
similar to IHPS, these infants have mostly distal
antral mucosal involvement. Barium studies
reveal antral narrowing; US detects increased
gastric mucosal thickening and distal antral and

pyloric elongation but no muscular wall thick-
ening. The lobular mucosal thickening consists
of alternating hyper- and hypoechoic structures
and in these infants lumen narrowing appears
to be secondary to mucosal rather than muscle
thickening.

Imaging

Whether a surgeon is able to palpate a pyloric
“olive” depends on pyloric muscle volume,
which can be obtained from US. Whether such
pyloric volume calculations are of clinical value
is debatable.

If a typical pyloric “olive” is palpable, a 
strong argument can be made for no preopera-
tive imaging studies. On the other hand, US in
experienced hands achieves a high sensitivity
and specificity in detecting pyloric stenosis. A
major limitation of US is its inability to detect
alternative diagnoses in an infant with non-
bilious vomiting due to some other cause. Thus
in an infant with projectile vomiting, if US
excludes pyloric stenosis, a second imaging
study, such as a barium examination, is often
necessary to identify an esophageal, gastric, or
duodenal abnormality to account for the infant’s
symptomatology. In clinical practice a reason-
able compromise seems to be to perform US in
those infants with strong suspicion for pyloric
stenosis whereas others undergo a barium
study.

A number of authors have proposed normal
and abnormal ranges of pyloric length, muscle
thickness, and muscle volume (Fig. 2.24). Ultra-
sonography measurement of pyloric muscle
thickness and pyloric length is easier if the
muscle is enlarged. In healthy infants, pyloric
muscle thickness measures about 2 mm and
pyloric length about 10 mm; in infants with sur-
gically confirmed IHPS, muscle thickness is
about double and pyloric length increased by
about 40%. Unfortunately, in actual practice
results are not so clear; infants with an initial
suspicion of IHPS but a final diagnosis of no
IHPS have intermediate measurements. Also,
overlap exists between normal and IHPS, and a
diagnosis based solely on US measurement 
of pyloric muscle thickness is not straightfor-
ward. In particular, a contracted pylorus imaged
tangentially will appear thickened. Some inves-
tigators prefer to rely primarily on pyloric
length, yet critical analysis reveals diagnostic
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problems similar to those when relying on
pyloric width.

The commonly used US term pyloric muscle
thickness appears to be anatomically incorrect.
Closer study of the pyloric wall reveals that
hypertrophied mucosa makes up about one
third of the pyloric cross-sectional diameter
and tends to fill the pyloric lumen (68). To add
confusion, the term pylorospasm is applied to an
apparently thickened pyloric muscle without
evidence of IHPS. A time-varying pyloric
muscle thickness and an incomplete obstruc-
tion to flow should differentiate pylorospasm
from IHPS, which is fixed in outline, yet here
also a borderline zone exists.

Infants with suspected IHPS and borderline
US values for pyloric volume have been treated
with an antispasmodic drug (metoclopramide)
with inconstant results; obstruction has cleared
in some, while others have progressed to IHPS.

IHPS is a rare cause of transient portal venous
gas.

Delayed gastric emptying is encountered in
some infants with few if any symptoms. Such
“pylorospasm” is controversial and of dubious
significance.

Therapy

Laparoscopic pyloromyotomy is being per-
formed for IHPS and may result in a shorter
hospital stay.

Both US and a barium study remain abnor-
mal for some time after a pyloromyotomy for
IHPS. However, no significant delay in gastric
emptying should be evident.

In infants with IHPS treated medically, US
identifies an initial pyloric channel shortening
followed by muscular thinning as symptoms
improved (69).

Other Causes in Infants

A congenital antral membrane is a rare cause of
gastric outlet obstruction. Partial obstruction is
more common than complete and some patients
present later in life (Fig. 2.25). A barium study
differentiates an antral web from IHPS; with a
web a more distally located pylorus can be 
identified. Difficulty of differentiation exists,
however, with complete obstruction.

A rare ectopic pancreas in the distal antrum
causes gastric outlet obstruction. Ultrasonogra-

Figure 2.24. Pyloric stenosis. A: Ultrasonography (US) reveals marked pyloric muscle hypertrophy and an elongated pylorus to 
24 mm in a 1–year-old boy. B: Ultrasonography in a 2–week-old full-term girl identifies pyloric shouldering and a hypoechoic pyloric
muscle layer (arrow). (Courtesy of Luann Teschmacher, M.D., University of Rochester.)

A B
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phy in a 1-month-old infant with familial hyper-
lipidemia suspected of IHPS revealed an intense
hyperechoic thickened pyloric muscle (70);
surgery found a necrotic and inflamed pyloric
muscle infiltrated by fat.

Gastric volvulus in infants tends to be part of
a complex congenital visceral attachment ano-
maly, often involving the left hemidiaphragm.

Causes in Adults

In adults, gastric outlet obstruction was more
common in the past. Prior to H2 blockers, peptic
ulcer disease was the most common cause of
gastric outlet obstruction; currently a malig-
nancy is more common. A pedunculated antral
polyp prolapsing intermittently through the
pylorus into the duodenum is a cause of gastric
outlet obstruction. Skill in differentiating
between a prolapsing polyp and prolapsed
gastric mucosa (which is a normal variant)
should be acquired in a radiology residency.

An uncommon cause of gastric outlet
obstruction is a cholecystogastric or a chole-
cystoduodenal fistula and resultant gallstone
obstruction (Bouveret’s syndrome). This condi-
tion is discussed in Chapter 3.

Gastric outlet obstruction secondary to an
enlarged gallbladder is rare; based on the few
reported patients, a gallbladdder neoplasm or
other infiltrative disease should be suspected.

Antral diaphragms occur in both children
and adults. Some are congenital, but an antral
web in an adult is usually an acquired condition,
presumably secondary to prior inflammation.
Histologically, these webs consist of normal
mucosa without significant inflammation. If
sufficiently prominent, these webs and dia-
phragms result in obstruction.

Hypertrophic pyloric stenosis in adults is
rare. In one elderly woman a barium study
simply revealed markedly reduced gastric emp-
tying (71). From a clinical and imaging view-
point, adult hypertrophic pyloric stenosis
should be considered only after more common
etiologies of gastric outlet obstruction are
excluded.

Balloon dilation of peptic ulcer–induced
gastric outlet strictures is performed using
endoscopic, fluoroscopic, or both modalities 
for guidance. Older children with delayed
gastric emptying refractory to medical therapy
have been treated with balloon pyloroplasty
using fluoroscopic guidance (72); the full role 
of such therapy both in children and adults is
yet to be established.

Volvulus

In the gastrointestinal tract torsion signifies a
twist of the organ in question, whereas volvulus
implies superimposed lumen obstruction. This
is not a universally accepted definition; for
instance, urologists use the term torsion for con-
ditions most gastroenterologists would label as
volvulus.

Gastric torsion occurs with hiatal hernias,
especially larger ones, even to the point of
volvulus. Similarly, volvulus occurs if the
stomach herniates through some other point of
weakness, such as foramen of Morgagni.

Gastric volvulus is encountered both in the
very young and very old. Volvulus occurs either
along the gastric longitudinal axis (organoaxial)
or transverse axis (mesenteroaxial). The latter 
is more common; it is occasionally associated
with recent trauma. An organoaxial volvulus
obstructs either at the proximal point of twist,
generally close to the esophagogastric junction,
at the distal point, generally in the distal
antrum, or at both. The site of greatest obstruc-
tion determines which organ is most dilated,
and thus the resultant imaging appearance
varies (Fig. 2.26).

Figure 2.25. Antral web (arrow) in an adult. A peristaltic wave
is thicker and changes with time.
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In spite of the normally rich gastric blood
supply, a sufficiently severe twist results in vas-
cular compromise. If untreated, volvulus pro-
gresses to gastric necrosis, with conventional
radiography identifying gas in the stomach wall
(emphysematous gastritis).

Occasionally passage of a nasogastric tube
relieves an acute volvulus. Acute gastric volvu-
lus has been reduced endoscopically, although it
tends to recur, and many of these patients
require eventual surgical correction. In most
patients acute gastric volvulus requires emer-
gent surgical correction. Chronic gastric volvu-
lus, in reality representing either gastric torsion
or intermittent acute volvulus (or both), can
often be temporized.

Intussusception

Both gastroduodenal and duodenogastric intus-
susceptions are rare in a nonoperated stomach.
Some degree of antral mucosal prolapse into the
duodenum, however, is quite common and is a
normal variant. At times the lead point of gas-
troduodenal prolapse is an antral polyp, such as
a lipoma, adenoma, or other. Ectopic antral pan-
creatic tissue also occasionally acts as a lead
point for prolapse.

Jejunogastric intussusception is one of the
complications of a hemigastrectomy and gas-
trojejunostomy (Billroth II operation).

Gastroparesis

Gastroparesis is evaluated either with scintigra-
phy or a barium study. Experienced gastroin-
testinal radiologists are quite adept at detecting
delayed gastric emptying during a barium
study. Ultrasonography can evaluate antral
motility but is little used for this purpose.

Diabetes Mellitus

Recently diagnosed non–insulin-dependent
diabetes mellitus patients have gastric emptying
similar to controls. Many long-term diabetics,
however, even without obvious gastroparesis,
have disordered gastric emptying and delayed
gastric emptying, but a minority develop accel-
erated gastric emptying. Etiology of gastropare-
sis in diabetic patients is not completely
understood, but both an underlying irreversible
autonomic neuropathy and a hyperglycemia-
associated reversible motility impairment are
probably involved. In general, poor correlation
exists in diabetics between solid and liquid
gastric emptying phases and test results should
be interpreted with caution due to individual
idiosyncratic variation. Blood glucose concen-
tration at the time of study may account for
some of the variations.

Diabetics with severe refractory gastroparesis
have a high morbidity. Some of them benefit
from jejunostomy tube placement. A rare 
complication of diabetic coma is gastric 
necrosis.

Median Arcuate Ligament Syndrome

The median arcuate ligament syndrome is
believed to result from celiac axis compression
by the fibrous median arcuate ligament, which
is part of the diaphragmatic crura.A neural, vas-
cular, or other factor may also be involved. Sur-
gical decompression of the celiac axis leads to
resolution of abdominal pain, improved gastric
emptying, and restoration of a normal gastric
electrical rhythm.

Clinically these patients have symptoms
mimicking gastric outlet obstruction, but

Figure 2.26. Organoaxial gastric volvulus. The stomach is dis-
tended (arrows),but some barium does pass into the duodenum
and thus neither the proximal nor distal twists are obstructed
completely.
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imaging detects no obstruction; rather, gas-
troparesis is suggested.

Other

Patients with chronic liver disease and portal
hypertension have delayed gastric emptying of
both solid and liquid emptying phases. A
number of neoplasms are associated with gas-
troparesis, presumably representing a paraneo-
plastic process.

Patients with moderate to severe neurologic
trauma tend not to tolerate gastric tube feed-
ings. Using radionuclide imaging to measure
gastric solid and liquid emptying, men with
either spinal cord or head injury had
significantly prolonged gastric emptying com-
pared to controls (73); gastric emptying was
more prolonged in those with a high-level
injury compared to a low-level lesion. Gastric
emptying is impaired in quadriplegics.

In some nondiabetic patients with dys-
pepsia symptoms and no obvious cause,
scintigraphy and barium studies suggest gastro-
paresis and poor antral motor activity; often a
barium study reveals retention of food in the
stomach.

Systemic Sclerosis

Most scintigraphy and barium studies show
little if any abnormality in gastric peristalsis or
emptying in patients with systemic sclerosis. In
symptomatic patients with diffuse disease,
however, scintigraphic gastric emptying studies
using solid food often reveal delayed gastric
emptying.

While esophageal and some other cancers are
not uncommon in a setting of progressive sys-
temic sclerosis, gastric cancer is exceedingly
rare.

Bulimia/Anorexia Nervosa

Acute gastric dilation is a complication of
anorexia nervosa during a bulimic attack.A rare
sequela is gastric necrosis and perforation. A
conventional radiograph should detect gastric
dilation and suggest a need for close follow-up.
More complex imaging is superfluous but is
often obtained when evaluating abdominal
symptoms in these patients, often girls or young
women.

Swallowed Foreign Bodies

Most swallowed foreign bodies pass through the
gastrointestinal tract. Sharp objects and objects
retained in the stomach for over a day or so 
are generally removed endoscopically. Larger
objects, including some coins, remaining in the
stomach for prolonged time tend to become
attached to the gastric wall and are then difficult
to remove endoscopically. Some actually appear
to embed in the gastric wall (Fig. 2.27).

Metal objects can corrode. In vitro studies
show that radiolucent corrosion develops within
24 hours in post-1982 United States zinc alloy
pennies when retained in the stomach (74); no
such changes were evident in copper-based 
pre-1982 pennies.

Gastric Hernia
A large hiatal hernia is almost always associated
with organoaxial torsion, with the degree of
torsion having a direct relationship to the size
of the hernia (Fig. 2.28). Up to a 180-degree twist

Figure 2.27. Gastric foreign body. This 3–year-old had swal-
lowed a battery months ago; it was encased by dense fibrosis.
(Courtesy of Bevin Bastian, M.D., Memorial Hospital, Rock
Springs, Wyoming.)



93

STOMACH

is present if most of the stomach is in the 
chest. In spite of the torsion, gastric volvulus
develops only in a minority of these patients; a
more common problem is obstruction at the 
hiatus.

One of the less common causes of a diaphrag-
matic hernia is prior surgery. As one example,
transdiaphragmatic gastric herniation devel-
oped after coronary artery bypass using a right
gastroepiploic artery (75).

Occasionally Tc-99m-pertechnetate scinti-
graphy, performed for other indications, will
demonstrate an unsuspected diaphragmatic
hernia.

An ulcer is not uncommon in a hiatal hernia;
these ulcers are notoriously difficult to detect
with a barium study (Fig. 2.29). A perforating
ulcer in a hernia involves any adjacent structure,
including pericardium and left ventricle.
Cancers also develop in hiatal hernias (Fig.
2.30).

Diverticula
Practically the only location where gastric
diverticula occur is at the gastric cardia. Some
authors label these fundic diverticula. Most so-
called antral diverticula represent sequelae of
prior peptic ulcer disease, and the use of this
term here is inappropriate.

A carcinoma has developed in a fundal diver-
ticulum.

These diverticula are easier to identify with
barium than CT or MRI; they have been
misidentified as a left adrenal tumor on CT and
MRI (76).

Figure 2.28. Intrathoracic stomach. With herniation, the
stomach tends to rotate and, as in this patient, the greater cur-
vature has rotated 180 degrees and is superior to the lesser cur-
vature. Such a twist predisposes to gastric volvulus.

Figure 2.29. A sliding hiatal hernia and ulcer (arrow) at the
hiatus.

Figure 2.30. Adenocarcinoma (arrows) in a large hiatal hernia.
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Perforation/Fistula
A gastric fistula with communication to another
organ is less common than in the small bowel
or colon. Part of the reason is the relatively thick
gastric wall and its relatively rich blood supply,
making gastric ischemia uncommon. Never-
theless, numerous abnormal communications
involving the stomach have been reported
(Table 2.5).

Vascular Lesions (Bleeding)
Clinical
Prophylactic aspirin use is recommended for a
number of medical conditions, yet at times even
low doses result in gastrointestinal bleeding.

Hematemesis implies bleeding proximal to
the ligament of Treitz. Melena, or black tarry
stool, usually is from an upper gastrointestinal
site but occasionally is secondary to small bowel
or even right colonic bleeding (incidentally,
black tarry stool is melenic stool; melanotic
stool implies the presence of melanin pigment).
Common causes of hematochezia and melena 
in adults include a duodenal or gastric ulcer.
Common etiologies of upper gastrointestinal
bleeding in pediatrics range from gastritis and

esophagitis to peptic ulcers and varices in older
children.

An occasional patient with diabetic ketoaci-
dosis develops upper gastrointestinal hemor-
rhage; bleeding generally is not severe and is
self-limited. The most common cause of such
bleeding is erosive esophagitis, less often 
gastritis and duodenitis.

Although ascariasis is usually associated with
small bowel and biliary disorders, upper gas-
trointestinal ascariasis is a rare cause of gastric
bleeding.

Diffuse gastric angiomatosis manifests with
bleeding, at times life-threatening. Angiography
should be diagnostic. Some of these patients
require a total gastrectomy.

Imaging
Several available scintigraphic techniques iden-
tify gastrointestinal bleeding. Provided active
bleeding occurs at time of scanning, Tc-
99m–sulfur colloid detects bleeding rates as low
as 0.1 mL/min. Intermittent bleeding tends to be
missed because of rapid clearance of the sulfur
colloid from circulation.

Tc-99m–red blood cell scintigraphy provides
a prolonged blood pool and is more useful with
intermittent bleeding. Only several milliliters of
extravasated blood is needed for detection.
Serial images up to 24 hours are obtained. One
cause of false-positive results is secretion of free
Tc-99m-pertechnetate into the gastrointestinal
tract.

Angiographic detection of bleeding has been
largely replaced by contrast-enhanced CT,
except when performed as part of therapeutic
embolization.

Tumors
Chronic bleeding and resultant iron-deficiency
anemia are one of the clinical presentations of
gastric carcinomas. Mesenchymal tumors and
lymphoma also tend to ulcerate and bleed.

Some hemangiomas also bleed. Multiple
gastric hemangiomas are occasionally found in
Osler-Weber-Rendu syndrome.

Dieulafoy Lesions
Over a century ago a Parisian surgeon, G.
Dieulafoy, described massive gastric bleeding

Table 2.5. Causes of abnormal gastric communications

To peritoneal cavity:
Acute trauma
Peptic ulcer disease
Neoplasm
Ischemia

To bowel:
Surgical anastomosis
Peptic ulcer disease
Neoplasm

Primary gastric
Primary colonic

Crohn’s disease

To biliary tree:
Gallstone disease
Peptic ulcer disease
Neoplasm

To urinary tract:
Staghorn calculus
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from an artery close to the mucosa and the term
gastric Dieulafoy’s erosion entered the French
medical literature. Over the years this condition
has acquired a myriad of names (Table 2.6), with
current usage mostly settled on Dieulafoy
lesion. Although some authors refer to these
lesions as gastric vascular malformation, this
terminology is sufficiently similar to arteriove-
nous malformation to create confusion; Dieu-
lafoy lesions are not related to arteriovenous
malformations. Little evidence suggests that
these lesions represent a separate disease or
syndrome.

Initially these bleeding submucosal arteries
were believed to be limited to the stomach, but
over the last several decades similar lesions have
also been described in the small bowel and
colon. It usually consists of a wide-caliber sub-
mucosal artery without histologic evidence of a
true aneurysm. Etiology and pathogenesis are
unknown. A vascular dysplasia, or thrombosis
and necrosis of an abnormal submucosal artery
are considerations, but the lack of an inflamma-
tory reaction around many of these lesions is
puzzling. Bleeding is usually through a small
overlying mucosal defect. The surrounding
mucosa is normal.

These lesions are found throughout the
stomach, although the posterior wall lesser cur-
vature near the cardia is a common site. They
are more prevalent in elderly men. Although
previously believed to be rare, these lesions
come to medical attention mostly when investi-
gating massive, often life-threatening upper gas-
trointestinal bleeding.

The diagnosis is made from a resected speci-
men. Lately, however, endoscopists have become
enamored with this entity, often making the
diagnosis on visual inspection only and then
initiating endoscopic therapy. Typical diagnos-
tic criteria used by endoscopists are presence of

arterial bleeding or a visible nonbleeding
superficial vessel without surrounding ulcera-
tion or erosion.

Endoscopic US aids in detecting subtle Dieu-
lafoy lesions; a vessel several millimeters in
diameter is detected penetrating through the
muscularis propria and extending into submu-
cosa. Partly filling the stomach with water helps
identify these vessels.

Arteriography, if performed while the lesion
is bleeding, should identify a feeding vessel and
site of bleeding. The appearance is different
from that seen with angiodysplasia or arteri-
ovenous malformations; neither a tuft of abnor-
mal vessels nor an early draining vein is seen
with a Dieulafoy lesion.

Initially these lesions were managed by wedge
resection or oversewing, although currently
many are managed by endoscopic hemostasis.
Focal acute ischemia is a potential complication
after sclerotherapy agent injection. Endoscopic
lesion localization followed by laparoscopic
gastric wedge resection is an option in some
patients.

Ectasia
Gastric vascular ectasia is found in two condi-
tions: so-called watermelon stomach and portal
hypertensive gastropathy. Both are rare causes
of chronic gastric bleeding and iron-deficiency
anemia. Whether the underlying pathogenesis
differs in a watermelon stomach from portal
hypertensive gastropathy is conjecture.

Watermelon Stomach

Gastric vascular ectasia, also called watermelon
stomach, is a gastropathy of uncertain patho-
genesis, often associated with autoimmune 
gastritis and connective tissue disorders. An

Table 2.6. Terminology used to describe Dieulafoy-like lesions

Dieulafoy-related terms Other terminology

Dieulafoy lesion Gastric submucosal aneurysm
Gastric Dieulafoy’s erosion Solitary large submucosal artery
Dieulafoy-like erosion Ulceratio simplex
Morbus Dieulafoy—Dieulafoy’s disease Exulceratio simplex
Dieulafoy’s syndrome Solitary exulceratio simplex
Ulcer of Dieulafoy Submucosal arterial malformation
Dieulafoy vascular malformation Caliber-persistent artery anomaly
Solitary gastric erosion of Dieulafoy Cirsoid aneurysm
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association appears to exist between water-
melon stomach and scleroderma-like diseases
(77). Many of these patients also have cirrhosis,
portal hypertension, and hypergastrinemia.
Antral vascular ectasia is associated with cir-
rhosis and bone marrow transplantation. Of
interest is that histology reveals thicker than
normal gastric mucosal capillary walls in these
patients (78); gastric mucosal capillary dilation
is not a reliable criterion. These capillaries often
contain fibrin thrombi. Presence of neuroen-
docrine cells showing immunoreactivity for
serotonin suggest a role for neuroendocrine
mediators in this condition.

Clinically these often elderly patients present
with anemia and unrelenting chronic blood
loss. An occasional one develops a massive
bleed.

The diagnosis cannot be made with barium
studies. A characteristic endoscopic appearance
consists of diffuse erythema and ectatic, tortu-
ous capillaries. Endoscopic US reveals preserva-
tion of muscularis propria; these changes
regress after laser ablation.

Tc-99m–labeled red cell imaging is useful to
localize any bleeding site.

Endoscopic electrocoagulation or laser pho-
tocoagulation are often therapeutic; at times
antrectomy is necessary. A-interferon therapy
may have a role.

Portal Hypertensive Gastropathy

Portal hypertensive gastropathy and gastric vas-
cular ectasia appear similar but probably are
separate conditions, although little clear-cut
pathologic differentiation exists between these
two conditions. Usually ectasia in a watermelon
stomach is limited to the antrum, whereas in
portal hypertensive gastropathy the proximal
stomach is more often involved.

Portal hypertensive gastropathy describes a
spectrum of gross findings developing in gastric
mucosa in patients with portal hypertension.
Cirrhosis is not a prerequisite because non-
cirrhotic patients with portal hypertension 
also develop this condition. Gastric intramural
vessels dilate, presumably secondary to both
portal venous congestion and increased gastric
blood flow. Arterial intimal hyperplasia is
evident in some patients. Endogenous vasodila-
tor overproduction and decreased vascular sen-
sitivity to vasoconstrictors appear to play a role.
The mucosa is atrophied and contains a mosaic

pattern and hemorrhagic spots. Varices may or
may not be present, although portal hyperten-
sive gastropathy is more severe in those with
prominent esophageal varices. Endoscopists
classify the condition as mild when either a
mosaic pattern or superficial reddening is seen
and severe when diffuse cherry red spots are
identified. These changes are flat and not
detected with imaging, although some patients
have thickened and nodular gastric fundal folds
(79), a nonspecific finding.

Chronic blood loss is more common than
acute massive bleeding. Gastric acid output is
decreased and the mucosal barrier becomes
impaired.

Endoscopic esophageal variceal sclerother-
apy accentuates portal hypertensive gastropa-
thy and gastric varices, and in some patients
becomes evident only after sclerotherapy. Some
patients bleed from portal hypertensive gas-
tropathy and gastric varices after sclerotherapy.

In patients with portal hypertension and
hypersplenism, portal hypertensive gastropathy
tends to improve after splenic arterial emboliza-
tion. Portal hypertensive gastropathy is reversed
in most by portosystemic shunting, such as a
central splenorenal decompressive shunt and
presumably in this subgroup of patients venous
congestion is the cause of gastropathy.

Varices
Detection

Isolated splenic vein thrombosis, regardless of
etiology, leads to gastric varices without con-
comitant esophageal varices. Endoscopic US
appears superior to endoscopy in detecting
gastric varices. Endoscopic Doppler US also
quantitates these varices; color Doppler US
detects slow, steady flow in gastric varices
located in a thickened gastric wall.

A double-contrast upper gastrointestinal
tract examination readily detects gastric varices
(Fig. 2.31). Most are located close to the gastric
cardia and most have a typical verrucoid
appearance. A minority of these varices,
however, have a conglomerate mass-like appear-
ance (80); in profile, these varices appear as
smooth intramural masses having distinct
borders, whereas en face they appear as thick,
tortuous folds.

Contrast-enhanced CT also detects gastric
varices. In particular, 3D CT portography
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readily identifies gastric fundic varices. Portog-
raphy is the gold standard (Fig. 2.32).

Therapy

In distinction to esophageal varices, gastric
varices tend to have an extensive network of
feeding vessels. Thus control of gastric variceal
bleeding by endoscopic sclerotherapy is con-
siderably more difficult. A combination of

decreasing the blood flow with band ligation
followed by injection of a sclerosing agent is
successful in some. At times a combination of
sclerotherapy with percutaneous transhepatic
variceal obliteration in patients with large
gastric varices results in gastric variceal eradi-
cation. Transjugular intrahepatic portosystemic
shunting (TIPS) does control bleeding from
gastric varices but in some patients sclerother-
apy achieves better long-term results. In one
study the cumulative survival rates at 1 and 5
years were 81% and 40%, respectively, in the
TIPS group and 96% and 76% in the sclerother-
apy group (p < 0.01) (81); subdividing these
patients, survival was higher for those in Child-
Pugh class A undergoing sclerotherapy rather
than TIPS (p < 0.01), but no significant differ-
ences were found for those in Child-Pugh
classes B and C.

Emergency TIPS in patients with variceal
bleeding is equally effective in controlling
gastric fundal variceal bleeding and esophageal
variceal bleeding (82). In some patients splenic
artery embolization reduces blood flow suffi-
ciently to stop bleeding. An occasional patient
requires a splenectomy to control bleeding.

Retrograde transvenous obliteration of
gastric varices is feasible in presence of gas-
trorenal or gastrocaval collaterals. Using a
balloon occlusion catheter, sclerosing agents
injected into gastric varices led to variceal oblit-
erated (83); gastric varices recur in a minority

Figure 2.31. A,B: Two examples of fundal varices (arrows).

A B

Figure 2.32. Fundal varices (arrows). The study was performed
via percutaneous portal vein puncture. (Courtesy of David
Waldman, M.D., University of Rochester.)
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of these patients and can be treated with repeat
transvenous variceal obliteration. Esophageal
varices also developed in some patients treated
with endoscopic injection sclerotherapy.

In patients with hepatic schistosomiasis and
bleeding gastric varices, emergency endoscopic
sclerotherapy achieved hemostasis in 85% (84);
patients who did not respond to sclerotherapy
underwent emergency surgery.

Immunosuppression/AIDS
Unusual gastric infections develop in AIDS
patients, and, in fact, occasionally an initial
manifestation of AIDS is a cytomegaloviral or
other rare gastric infection. Gastroduodenal
involvement with Mycobacterium avium is a
cause for hemorrhage (85).

Gastric toxoplasmosis is rare even in AIDS,
presenting with gastric wall thickening; thick-
ened rugae, and at times even an ulcer.

A barium study in AIDS patients with cryp-
tosporidium gastropathy reveals antral narrow-
ing resembling a carcinoma or Crohn’s gastritis;
these patients tend to develop varying degrees
of gastric obstruction, with the narrowing pre-
sumably related to underlying cryptosporidio-
sis; obstruction clears following therapy.

Emphysematous gastritis, gastric wall necro-
sis, and gastric perforation are rare conditions
reported in HIV-infected patients. Gastric
necrosis in one HIV-positive patient was
believed to be secondary to a vasculitis (86).

Human herpesvirus type 8 (HHV-8 virus),
belonging to the lymphotropic herpes family,
is associated with lymphoid neoplasms in
immunodeficient patients and with Kaposi’s
sarcomas (87). This unusual virus contains
genes encoding oncoproteins and is believed 
to also have a role in multiple myeloma,
Waldenström’s macroglobulinemia and possi-
bly in sarcoidosis.

Non-Hodgkin’s lymphoma is considerably
more prevalent in AIDS patients than in the
general population. Lymphoma tends to be gen-
eralized, often involving the gastrointestinal
tract. Most are B-cell lymphomas.

AIDS-related Kaposi’s sarcomas occur pri-
marily in homosexual patients. Endoscopic US
identifies a hypoechoic and nonhomogeneous
lesion involving either the submucosa or both
the mucosa and submucosa (88).

Postoperative Stomach
Cancer
After a hemigastrectomy, such as for peptic
ulcer disease, mucosal dysplasia develops and
these patients are at increased risk of develop-
ing a carcinoma, often called gastric stump or
remnant cancer. These cancers start developing
more than 10 years after hemigastrectomy.
Biopsy detection of severe dysplasia is a worri-
some sign and in this subgroup about half even-
tually develop an adenocarcinoma, at times at
multiple sites. These gastric remnant cancers
behave similarly to other gastric cancers.

After Fundoplication
Lumen obstruction after a fundoplication is due
to either surrounding edema or too tight of a
wrap. The former clears as edema subsides.

Rarely, the stomach herniates proximally
through a fundoplication wrap. A gastric perfo-
ration can develop within the thoracic cavity,
presumably on an ischemic basis.

Afferent Loop Syndrome
Afferent loop obstruction (syndrome) is a com-
plication of a hemigastrectomy and gastroje-
junostomy (Billroth II operation) (Fig. 2.33).
Most of these obstructions manifest early after
surgery, but an occasional stricture develops
years later. Obstructive jaundice is a common
presentation in these patients, although some
have sudden onset of abdominal pain. Afferent
loop obstruction is also a cause of recurrent
acute pancreatitis.

Adhesions, kinking, internal herniation, or
intussusception are causes of early obstruction,
whereas stenosis and neoplasm lead to obstruc-
tion years later. Some patients do not have
actual mechanical obstruction but preferential
gastric emptying into the afferent loop leads to
chronic distension, a condition more common
in a left-to-right rather than a right-to-left gas-
trojejunostomy. In these latter patients an effer-
ent loop obstruction is also in the differential
diagnosis.

Computed tomography reveals a dilated,
fluid-filled afferent loop. High-quality conven-
tional radiographs also identify a fluid-filled
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afferent loop, suggesting the diagnosis. An occa-
sional afferent loop syndrome is detected on a
postoperative cholangiogram. A barium study
should be diagnostic.

A patient developed a large duodenal
enterolith in a dilated afferent loop 24 years
after a Billroth II anastomosis (89).

Intussusception
An infrequent complication after a Billroth II
anastomosis is jejunogastric intussusception
(Fig. 2.34). Most often the intussusceptum con-
sists of the efferent loop; less often the afferent
loop is involved. Some of these intussusceptions
are associated with gastric outlet obstruction,
whereas with others the patients are relatively
asymptomatic due to partial obstruction. Occa-
sionally this complication develops late after
surgery.

Postpancreaticoenteric Anastomosis
A pancreaticoduodenectomy as therapy for car-
cinoma of the ampulla of Vater, first described
by Whipple, currently consists of a hepaticoje-
junostomy, a gastro- or duodenojejunostomy
and a pancreaticoenteric anastomosis (usually a
pancreaticojejunostomy). One complication of

this operation is breakdown of the pancreatico-
jejunostomy anastomosis, a region not directly
accessible to imaging. Occasionally, a resultant
fistula is first detected by contrast injected into

Figure 2.33. A: Blown afferent loop stump (arrow) after a Billroth II resection. The afferent loop is obstructed. B: Another patient
with an obstructed afferent loop after a Billroth II resection. Contrast-enhanced CT reveals a dilated, fluid-filled small bowel loop
having an enhancing wall (arrows). (Courtesy of Patrick Fultz, M.D., University of Rochester.)

A B

Figure 2.34. Jejunogastric intussusception in a patient with a
Billroth II anastomosis. The intragastric valvulae conniventes
have a coil spring appearance (arrows). A jejunal feeding tube is
in place.
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adjacently placed drains. Surgeons attempt to
decrease breakdown of the pancreaticoenteric
anastomosis by modifying the above techni-
que and performing a pancreaticogastrostomy,
where the residual portion of the pancreas
drains into the stomach. Radiographically, the
anastomosis presents as a broad-based intra-
luminal mass that should not be confused with
a neoplasm.

Morbid Obesity Surgery
Over the years a number of surgical procedures
have been designed to control morbid obesity.
Because of complications, often metabolic in
nature, a jejunoileal bypass is no longer per-
formed. A number of patients with a jejunoileal
bypass have had reversal of their bypass, at
times with weight gain to previous levels.

A common indication for a barium study is
failure to lose weight postoperatively. Not
uncommonly these postoperative patients com-
plain of nausea, vomiting, and an inability to
eat. A barium study reveals typical postopera-
tive findings with no complications, yet the
patients are gradually losing weight and cannot
understand why they are unable to eat almost
constantly.

Helical CT not only identifies normal postop-
erative anatomy but is also very useful in detect-
ing complications in these patients (90). Some
loculated fluid collections are unrelated to a
leak. One should also keep in mind that the
residual fundus tends to mimic a loculated fluid
collection.

Gastric Bypass

Gastric bypass results in a small proximal
gastric pouch that drains via a gastrojejunos-
tomy. The jejunostomy portion consists of a
jejunal loop, a more distant jejunojejunostomy,
or a Roux-en-Y (Fig. 2.35). The latter two are
designed to prevent bile reflux into the gastric
pouch. In most patients a gastric bypass leads to
significantly more weight loss than with gastro-
plasty, and currently many surgeons favor
gastric bypass. These patients have a high
prevalence of gallstones, and some surgeons
perform a cholecystectomy at the time of initial
surgery.

The major early complication is a leak result-
ing in an abscess or even peritonitis. A contrast

study should be diagnostic. A temptation to
simply instill contrast via a nasogastric tube and
obtain one or two radiographs without fluoro-
scopic guidance should be avoided; invariably
such an approach leads to a suboptimal and a
missed diagnosis in these obese, often critically-
ill patients.

Radiographic study of afferent limb obstruc-
tion (the bypassed segment) shows a dilated
distal gastric segment and a dilated duodenoje-
junal loop. The proximal jejunal limb tends to
be narrowed as it passes through the transverse
mesocolon (91), but actual obstruction at this
site is not common.

Late complications encountered with a
gastric bypass include anastomotic stenosis and
marginal ulcer.

Gastroplasty

Gastroplasty consists of gastric stapling to
produce a small pouch at the gastric cardia, with
a small opening left into the distal gastric
segment. Initially transverse gastric stapling
(partitioning) was in vogue, but subsequently

Figure 2.35. Appearance of a side-to-side gastric bypass com-
bined with a Roux-en-Y. A double row of staples divides the
stomach into a smaller proximal pouch and a larger excluded
segment.
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vertical stapling (Mason’s vertical banded gas-
troplasty) became more popular. A silicone ring
or polypropylene mesh surrounds the gastric
opening.

Laparoscopic gastroplasty leads to about 4%
of patients developing early complications (per-
foration, early slippage, and respiratory prob-
lems) and 6% late complications (late slippage,
incisional hernia, and port problems) (92).
Other complications include gastroesophageal
reflux, mesh erosion into the stomach lumen,
and staple-line disruption with resultant weight
gain.

Reflux esophagitis tends to be more severe
with a gastroplasty, although some surgeons
believe that gastric restriction operations do 
not increase the risk of reflux if a functioning
antireflux barrier is also performed.

An upper gastrointestinal examination with
barium detects both early and late postoperative
complications.

Gastric Banding

Gastric banding is an alternative procedure to
gastric bypass and gastroplasty (Fig. 2.36). Ini-
tially more popular in Europe, it is gaining
acceptance in the United States. Adjustable

laparoscopic gastric banding around the fundus
with an inflatable band connected by a thin tube
to an access port permits port puncture and
stomal adjustment between the pouch and the
stomach for optimal weight loss. Postoperative
fluoroscopy confirms the band position and is
used for stomal adjustment.

Unsatisfactory weight loss occurred in 20% of
98 consecutive postbanding patients (93); late
complications, developing in about one third of
patients, consist of pouch dilation, herniation,
intragastric band penetration (94), disconnec-
tion or leaking port (95), and port infection. An
unusual complication is a decrease in stoma
caliber due to gastritis, found in 3% of patients
in one study (96). Marked gastric pouch dilation
is a less common complication.

Most complications are readily detected with
a contrast study. Computed tomography detects
port infection.

Biliopancreatic Diversion

Currently biliopancreatic diversion is gaining in
popularity and preliminary results are promis-
ing. It consists of a distal gastrectomy and 
formation of a long Roux-en-Y loop. The bilio-
pancreatic loop from the duodenum inserts at
an enteroenterostomy about 200 cm distal to the
gastroenterostomy and about 50 cm proximal 
to the ileocecal valve. Because the biliopancre-
atic loop is not in direct continuity with the
stomach, it does not contain gas. Obstruction 
of this loop thus leads to CT and US simply
showing a markedly dilated, fluid-filled loop of
bowel. Obstruction of the gastroenterostomy
loop, on the other hand, has the typical radio-
logic findings of obstruction.

Retained Gastric Antrum
One of the indications for a Billroth II gastroje-
junostomy is intractable peptic ulcer disease.
If antral mucosa is left behind or if ectopic
gastrin-producing cells are present in the
retained duodenum, the resultant gastrin output
tends to reactivate the patient’s peptic ulcer
symptoms. The blind afferent loop tip cannot be
studied because it is not accessible either to a
barium study or endoscopy.

A Tc-99m-pertechnetate scan (Meckel’s scan)
is worthwhile in this setting. Tracer uptake is

Figure 2.36. Vertical banded gastroplasty. A mesh is wrapped
around the stoma located close to the lesser curvature.



102

ADVANCED IMAGING OF THE ABDOMEN

evident both in the residual gastric pouch and
in any retained antral remnant. The latter is
identified as a focus of radioactivity in the
region of the duodenal stump. The reason for
such antral uptake, which normally does not
contain hydrochloric acid secreting parietal
cells, is that pertechnetate uptake is primarily 
by mucin-secreting cells, which are located
throughout the stomach.

After a simple gastrojejunostomy, ulcers tend
to occur in the jejunum, opposite the anasto-
mosis (Fig. 2.37).

Gastrostomy
A basic question concerning percutaneous gas-
trostomies is whether the initial decision to
insert a gastrostomy is appropriate. Some of
these patients have a poor subsequent clinical
course. In a retrospective review, 33% of the sur-
rogates interviewed were uncertain whether a
decision to proceed to gastrostomy feedings was
correct (97).

Whether a gastrojejunostomy feeding tube
with its reduced risk of gastroesophageal reflux
is preferred over a gastrostomy should be indi-
vidualized. Most gastrostomies are permanent,
although indications exist for a temporary one:
during recovery of swallowing, preparation for
surgery with a more proximal obstruction, and

for drainage of some fistulas. Gastrostomies are
performed surgically, endoscopically assisted,
or by using a percutaneous approach with imag-
ing guidance. Among surgeons, a laparoscopic-
assisted gastrostomy is becoming popular. A
higher tube placement success rate is achieved
when using an imaging technique rather than
endoscopy (98); at times a hybrid percutaneous-
oral approach is easiest. Procedure related mor-
tality rates are highest for surgically placed
gastrostomies and lowest with an imaging
approach.

Instead of fluoroscopy, at times US is used to
guide gastric puncture. Computed tomogra-
phy–guided gastrostomy or gastroenterostomy
is also feasible and often is technically success-
ful when an endoscopic approach is not possi-
ble or had failed. Some believe that gastropexy
is not necessary, but gastropexy does prevent
tube displacement resulting in leakage.

Percutaneous retrograde insertion of gastros-
tomy or gastrojejunostomy tubes can be per-
formed safely in children. Similar to adults,
complications include an extragastric tube loca-
tion and small bowel or colon transgression.
Marked hepatosplenomegaly in children occa-
sionally denies adequate access.

Percutaneous gastrostomy tubes are readily
inserted under fluoroscopic guidance using a
modified Seldinger technique and without
general sedation. Initially this technique was
used mostly for patients with an obstructed
esophagus where percutaneous endoscopic gas-
trostomy was not feasible, yet the ease of fluoro-
scopic gastrostomy tube insertion has led to its
wider acceptance. Few contraindications exist
for this technique; it has a high success rate and
is associated with few serious complications
(99).

One option is a pull-type gastrostomy tube,
consisting of retrograde esophageal catheteriza-
tion through the stomach and a gastrostomy
tube then pulled through from the mouth into
the stomach. This technique, performed either
by endoscopists or interventionalists, has a 
high success rate and few complications.

Ascites is often considered a relative con-
traindication to a percutaneous gastrostomy,
although gastropexy overcomes some of the
problems encountered in this subset of patients.
Initial paracentesis and prevention of fluid reac-
cumulation, together with gastropexy, aid in
preventing pericatheter leakage. A gastrostomy

Figure 2.37. A stomal ulcer (arrow) has developed after a 
previous gastroduodenostomy.
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or gastrojejunostomy with gastropexy in 45 con-
secutive patients with ascites was associated
with a 7% rate of major complications and one
procedure-related death (100); of note is that
half of the complications occurred in a setting
of peritoneal spread by ovarian carcinoma.

Out of 643 patients referred for fluoroscopi-
cally assisted percutaneous gastrostomy or gas-
trojejunostomy, a catheter could not be placed
in 4% of patients due to overlying viscera or
prior gastric surgery (101); catheter revision
was necessary in 14%, mostly due to tube 
dislodgment.

Complications associated with percutane-
ous gastrostomy insertion include bleeding,
obstruction, gastric perforation, and peritonitis.
Minor leaks and a postinsertion pneumoperi-
toneum are not uncommon. Catheter dislodg-
ment occurred in 68% of 25 balloon-retained
catheters (102), 11% of 75 pigtail-retained
catheters (103), and in none of 55 mushroom-
retained gastrostomy catheters, and the authors
concluded that mushroom catheters are more
durable and preferred whenever possible.

Gastrostomy tube insertion through the
transverse colon results in a cologastrocuta-
neous fistula or a colocutaneous fistula. Ne-
crotizing fasciitis is a rare complication.
Inserted through the gastrocolic ligament, a 
gastrostomy tube can end up in the lesser 
sac, superficially mimicking a correctly inserted
tube. Occasional gastric pneumatosis develops
after tube gastrostomy. Gastric wall dissection
occurred during percutaneous gastrostomy,
believed to be due to a tangential puncture of
the stomach wall (104).

Several perforations have been associated
with a Wills-Oglesby-type gastrostomy tube.
Perforations in five patients were related to the
distal catheter limb (105); these perforations
occurred several months after tube placement,
did not lead to peritonitis, and were managed
medically.

A gastrostomy catheter can migrate distally,
with the catheter tip lodging in the ileum. Occa-
sionally a gastrostomy tube is cut and the inner
tube button allowed to pass through the gas-
trointestinal tract. This procedure has been
questioned, as the button has led to bowel
obstruction.

In a setting of a malignancy, tumor seeding
can occur after insertion of a percutaneous 
gastrostomy. This complication is more often

encountered after endoscopic rather than
imaging percutaneous tube insertion (106),
probably due  to direct tumor implantation
during the endoscopic procedure. CT identifies
a stomal implant as a lobulated soft tissue tumor
in the abdominal wall, less so at the entry or exit
sites.

Examination Complications
Rather than use the term complications to
describe misadventures during endoscopy, the
term negative outcomes has been proposed
(107); this latter system defines, classifies, and
grades negative outcomes using a scoring
system based on several measures:

Immediate negative outcome (O): effect of
complication on completion of endoscopy,
change in level of care, change in length of
hospitalization, necessity for new invasive
procedures

Disability (D): a residual or chronic negative
outcome caused by a complication

Death (D): a value varying with 
circumstances 

A quantitative measure is obtained by using
an overall ODD score.

Positive blood cultures were detected in 25%
of patients undergoing gastroscopy (108);
Staphylococcus species and Streptococcus
species were most common.
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Congenital Abnormalities
Duplication
As in the rest of the gastrointestinal tract, a 
duodenal duplication may or may not commu-
nicate with the true lumen. Most duplications
are located along the first and second parts of
the duodenum. An occasional one is discovered
incidentally, but most descending duodenal
duplications coming to medical attention are
associated with pancreaticobiliary abnormali-
ties. An occasional one obstructs the common
bile duct; at times a bizarre biliary communica-
tion is identified. A duplication can appear as a
cystic tumor in the periampullary region. Some
are associated with duodenal compression and
obstruction or recurrent acute pancreatitis, a
presentation more common in children. Rare
complications of noncommunicating duodenal
duplications include necrosis and perforation
resulting in an acute abdomen, becoming
infected or even causing an intussusception.

Ultrasonography (US) reveals a hyperechoic
inner layer and a hypoechoic outer muscular
layer; these layers are better defined with 
endoscopic US. At times peristaltic activity is
identified.

Cholangiopancreatography is helpful in
defining any associated ductal anomalies. Often
endoscopic retrograde cholangiopancreato-
graphy (ERCP) is not successful due to peri-
ampullary distortion and magnetic resonance
cholangiopancreatography (MRCP) is neces-

sary. A barium study aids in detecting duodenal
communication and in narrowing the differen-
tial diagnosis considerably. With duodenal 
communication, the differential includes a 
duodenal diverticulum and a necrotic tumor.
Without duodenal communication, other intra-
mural or extrinsic tumors are in the differential.
The presence of stones suggests communication
with pancreaticobiliary ducts. With some of
these duplications, computed tomography (CT),
US, and magnetic resonance (MR) do not estab-
lish a site of origin, although imaging should
differentiate a duodenal duplication from a
choledochal cyst and pancreatic pseudocyst.
Also, the clinical presentation is different with
the latter two entities. In either case, the under-
lying pancreaticobiliary ductal anatomy is often
atypical and should be defined prior to resec-
tion or anastomosis.

Atresia/Stenosis/Web
Duodenal atresia, believed to be due to failure of
duodenal recanalization early in gestation, is the
most common cause of a high bowel obstruc-
tion in a neonate. The most common site for
atresia is just distal to the papilla of Vater, and
these neonates present with bilious vomiting,
whereas the less common atresia proximal to
the papilla mimics gastric outlet obstruction.
Atresias range from partial to complete; the
atretic segment is either string-like or appears
as a web.

3
Duodenum
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Not all neonatal duodenal obstruction is due
to duodenal atresia or stenosis (Table 3.1).
Midgut malrotation with volvulus in the
newborn presents with complete duodenal
obstruction and has a similar presentation.

Patients with duodenal atresia are prone to
having other anomalies, including an annular
pancreas and other pancreaticobiliary anom-
alies. A rare patient has an anomalous portal
vein anterior to the duodenum. The prevalence
of duodenal atresia is increased in Down syn-
drome, in a setting of congenital heart disease,
and in those with a tracheoesophageal fistula.
Esophageal atresia and duodenal atresia may
coexist; in such a setting, unless a tracheoe-
sophageal fistula is present, the stomach fills
with fluid and distends. The large bowel is
normal in these patients. A microcolon implies
an additional, more distal obstruction.

A rare congenital duodenal obstruction in an
infant leads to gastric emphysema (1).

An occasional adult develops a partial duo-
denal obstruction secondary to a web. Duode-
nal webs are associated with aspirin ingestion
(2) and long-term use of nonsteroidal anti-
inflammatory drugs (3).

Radiographs reveal no gas distal to the
atresia. An exception is with a rare bifid
common bile duct anomaly where the bile duct
communicates both with proximal and distal
duodenal segments.

After repair of duodenal atresia, the duodenal
bulb continues to be larger in volume than
usual.

Trauma
Blunt trauma is a common cause for a duodenal
hematoma (Fig. 3.1). Imaging reveals duodenal

wall thickening, at times to the point of ob-
struction. In its retroperitoneal position close 
to other major structures, duodenal trauma is
commonly associated with injury to the adja-
cent pancreas and liver. An endoscopic biopsy is
a cause of an intramural duodenal hematoma
(4). An intramural duodenal hematoma can
develop secondary to pancreatitis. An abused
child had both a duodenal hematoma and 
contained duodenal and proximal jejunal per-
forations (5); duodenal obstruction ensued and
exploratory laparotomy found a calcified,
fibrotic mesentery and both duodenal and
jejunal strictures.

Full-thickness duodenal rupture does occur
in patients sustaining blunt duodenal injury;
the second duodenal segment is most often
involved. Most of these ruptures are associated
with other intraabdominal injuries, but one
should keep in mind that traumatic retroperi-
toneal duodenal perforation initially reveals 
few clinical sign and symptoms. Blunt abdo-
minal trauma can also result in diverticular 
perforation.

Imaging detection of an early duodenal per-
foration is difficult. For instance, among trau-
matic duodenal perforations studied with CT,
extravasation of contrast is identified only in a
small minority.

Table 3.1. Duodenal obstruction in the neonate

Midgut malrotation with volvulus
Duodenal atresia
Duodenal stenosis
Duodenal web
Ladd’s bands
Duodenal duplication
Annular pancreas
Anomalous portal vein anterior to duodenum
Tumor or distention in an adjacent structure

Figure 3.1. Duodenal hematoma (arrow) resulting in a high-
grade obstruction. The obstruction resolved spontaneously.
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A veiled right kidney is a US finding of a
retroperitoneal duodenal perforation (6).

A bullet causes not only duodenal but also
adjacent organ damage. Fistulas are one
sequela, at times to unusual sites such as a
pyeloduodenal fistula, if damage is not recog-
nized initially.

Wall Thickening
Infection/Inflammation
Some infections manifest primarily in the prox-
imal small bowel, whereas others are detected
distally. For convenience, most small bowel
infections are discussed in Chapter 4.

Duodenitis

The term duodenitis implies duodenal
inflammation and is a histologic diagnosis,
although endoscopists often apply this term to
a gross reddened mucosa believed to represent 
inflammation.

Myriad conditions thicken duodenal valvulae
conniventes: infections, eosinophilic gastroen-
teritis, amyloidosis, mastocytosis, lymphangiec-
tasia, infiltrating neoplasms, Crohn’s disease,
and other entities. Ischemic duodenitis in the
absence of prior surgery should suggest a small
vessel vasculitis. Using thickened folds as a 
criterion for duodenitis, an upper gastrointesti-
nal examination in children achieved a 46% 
sensitivity and 98% specificity for detecting
duodenitis, compared to 54% sensitivity and
92% specificity for endoscopy (7); the low sen-
sitivities were due mostly to normal findings for
both radiology and endoscopy in children with
mild duodenitis.

Peptic Ulcer Disease

The discovery of Helicobacter pylori has
modified our understanding of peptic ulcer
disease pathogenesis. Thus antral infection with
H. pylori promotes antral gastritis, increased
gastrin release, and increased acid production.
Duodenal bulb H. pylori colonization promotes
bulbar gastric metaplasia, leading to further 
H. pylori infection, more inflammation, and
further inability to neutralize gastric acid load.
In some patients this cycle persists until an ulcer

develops. Probably both bulbar gastric metapla-
sia and bulbar H. pylori colonization are 
necessary to develop a duodenal ulcer. Both the
prevalence and the extent of gastric metaplasia
and the amount of H. pylori in the duodenal
bulb in patients with a duodenal ulcer are 
much higher than in those with a gastric ulcer
or chronic gastritis. Eradication of H. pylori
decreases the amount of acid entering the 
duodenum, and duodenal inflammation 
subsides.

Peptic ulcer disease is more prevalent in cir-
rhotic patients and those in chronic renal failure
than in the general population. In cirrhotics,
antral H. pylori colonization does not appear 
to play a major role in duodenal peptic ulcer
disease.

Postbulbar duodenal peptic duodenitis is
uncommon. At times a barium study reveals
postbulbar ulcerations, thickened folds, or even
a stenosis, and an endoscopic biopsy identifies
inflammation; because peptic duodenitis here is
uncommon, focal pancreatitis in an annular
pancreas or celiac disease should be suspected
and an endomysial antibody test obtained. In
some patients an endoscopic biopsy revealed
villous atrophy.

A barium study of peptic ulcer disease is
usually straightforward. Ulcers in unusual loca-
tions and recurrent ulcers are more problem-
atic. Peptic ulcer disease in younger children,
although uncommon, does result in an unusual
presentation and radiologic appearance. Ultra-
sonography reveals focal duodenal wall thick-
ening, at times even an echogenic line adjacent
to the ulcer, but US is rarely employed to detect
duodenal ulcers.

Occasionally encountered is a giant duodenal
ulcer; cocaine and methamphetamine use is
associated with some of these giant ulcers,
although many are idiopathic.

Some perforated duodenal ulcers result in 
a pneumoperitoneum and peritonitis. Other
ulcers perforate into an adjacent structure,
including pancreas, liver, bile ducts, and adja-
cent colon. Duodenocolic and duodenochole-
dochal fistulas secondary to peptic ulcer disease
are rare. At times such a perforation clinically
mimics myocardial ischemia; conventional
radiographs should suggest a correct diagnosis.

Contrast-enhanced CT of a perforating ulcer
reveals focal bowel wall thickening, enhance-
ment, and inflammatory changes in surround-
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ing tissues. A wall defect at the site of per-
foration is rarely detected. On the other hand,
extraluminal gas bubbles, at times in Morison’s
pouch, should be sought. A water-soluble upper
gastrointestinal contrast study, although out of
vogue in a number of institutions, remains a
viable alternative.

Crohn’s Disease

Duodenal Crohn’s disease is notoriously diffi-
cult to diagnose. A biopsy is often of little help,
most often revealing nonspecific inflammation
and only occasionally containing granulomas.
Imaging findings include aphtha, a peptic 
ulcer-like appearance, fistula, a stenotic segment
varying in length, or complete obstruction 
(Fig. 3.2). Presence of thickened folds may be the
only clue to Crohn’s disease. Fistulas are less
common than with ileal involvement. Most 
duodenocolic fistulas are secondary to colonic
Crohn’s disease rather than duodenal Crohn’s.
Occasionally duodenal deformity is secondary
to Crohn’s disease in an adjacent loop of bowel.
A double-contrast barium study should differ-
entiate between primary and secondary duode-
nal involvement.

A number of patients with duodenal Crohn’s
have undergone a Billroth I operation in the

mistaken belief that their underlying deformity
was secondary to peptic ulcer disease. Invari-
ably inflammation and strictures progress.

Diverticulitis

Diverticula are more common in the duodenum
than in the rest of the small bowel, yet duodenal
diverticulitis is sufficiently rare to be a curios-
ity. Clinically, duodenal diverticulitis mimics
peptic ulcer disease, cholecystitis, or pan-
creatitis. A number of patients have unsus-
pected duodenal diverticulitis first detected at
exploratory laparotomy for an acute abdomen,
an understandable event given the rarity of this
condition.

A barium study should detect thickened 
duodenal folds secondary to duodenal inflam-
mation. Computed tomography identifies any
associated inflammation and abscess. Inflam-
mation medial to the duodenal sweep suggests
focal pancreatitis (and indeed adjacent portions
of the pancreas tend to be inflamed). Perfora-
tions lead either to a focal walled-off cavity or
peritoneal spill. Extraluminal gas can range
from focal bubbles to pneumoperitoneum.

Most duodenal diverticula are peri-Vaterian
in location and, when infected, surrounding
inflammation thus is centered around the duo-
denopancreatic interface. Imaging differential
diagnosis includes focal pancreatitis (at times
suggesting an inflamed annular pancreas) or
postbulbar ulcer disease.

Associated with Dialysis and Pancreatitis

Thickened duodenal folds are common in
patients on dialysis. Although patients in renal
failure have an increased prevalence of peptic
ulcer disease, not all dialysis patients with thick-
ened folds have clinical peptic ulcer disease.

Duodenal involvement is common in acute
pancreatitis, even to the point of obstruction.
Thickened folds are seen in a setting of chronic
pancreatitis.

Tuberculosis

Even in endemic regions duodenal tuberculosis
is rare, and this diagnosis is thus often not 
suspected.

Duodenal stenosis was discovered in a 69-
year-old man who also had common bile duct

Figure 3.2. Duodenal Crohn’s disease in a patient with known
ileal disease. A duodenal stricture and effaced valvulae con-
niventes are evident (arrow).(Courtesy of Daniel Wopperer, M.D.,
Rochester, New York.)



111

DUODENUM

obstruction due to stones (8); Crohn’s disease
was initially suspected, and therapy with corti-
costeroids was instituted until tuberculosis was
identified.

Sarcoidosis
The liver followed by the stomach are the 
most common abdominal organs involved.
Small bowel sarcoidosis, including duodenal, is
uncommon. Gastrointestinal tract sarcoidosis is
one cause for a protein-losing enteropathy.
Sarcoidosis involving the papilla can obstruct
the common bile duct.

Radiographically, sarcoidosis mimics Crohn’s
disease.

Amyloidosis
Duodenal amyloidosis is uncommon. Clinically,
diffuse amyloid infiltration leads to lumen 
narrowing and, with extensive involvement,
obstruction. Occasionally infiltration is poly-
poid in appearance.

Cystic Dystrophy
An unusual condition, duodenal cystic dystro-
phy is associated with chronic pancreatitis and
presents as focal duodenal wall thickening. At
times associated with heterotopic pancreatic
tissue, and with about half the affected patients
having chronic pancreatitis, the relationship of
duodenal cystic dystrophy to duplication cysts
is speculation. Most cystic dystrophy foci
contain cysts, but an occasional one is solid.
Some of these cystic structures suggest dilated
ducts lined with exocrine pancreatic epithe-
lium. A rare one evolves into an abscess. Occa-
sionally a thickened duodenal wall progresses to
a stricture. Whether this entity is simply
inflammation of heterotopic tissue is conjec-
ture. In either case, the spectrum consists of
cysts, fibrosis, and possible stricture.

Imaging in patients with duodenal cystic dys-
trophy reveals a thickened duodenal wall and
intramural cysts varying in size. Some of these
cysts are >1 cm in diameter, the thickened duo-
denal wall is isodense on precontrast CT and
varies from hypovascular to exhibiting strong
contrast enhancement (9). Duodenal cystic dys-
trophy appears mostly hypoechoic with US.

Necrosis
Caustic ingestion generally results in eso-
phageal and, less often, gastric injury. Occasion-
ally, however, it is associated duodenal injury,
even necrosis. In general, contrast imaging is
safe in these individuals.

Tumors
Nonneoplastic

Hyperplastic/Metaplastic

Hyperplastic or metaplastic duodenal polyps
are uncommon. A rare metaplastic polyp occurs
in the duodenal bulb and is associated with 
H. pylori, regressing after anti–H. pylori therapy.

Heterotopic Tissue

Heterotopic pancreatic tissue is common in the
duodenal wall. This tissue contains acini and
ducts, but not islet cells. Occasionally localized
inflammation within such heterotopic tissue
results in valvulae conniventes thickening and
eventually evolves into a duodenal stricture.

Less often encountered in the duodenum is
heterotopic gastric tissue. Both chief cells and
parietal cells are present.

Hamartoma

Brunner gland hamartomas are most common
in the first portion of the duodenum and most
occur in middle-aged individuals. Although
submucosal in origin, an occasional one
becomes pedunculated. Some are several cen-
timeters in size. They consist of proliferating
Brunner gland tissue surrounded by fibrosis, fat,
and lymphoid tissue. These hamartomas bleed,
obstruct if they are large enough, or are simply
an incidental finding.

Patients with untreated sprue develop multi-
ple small polyps scattered throughout the 
duodenal bulb. These polyps probably represent
Brunner’s gland hyperplasia, although they may
represent an intrinsic abnormality of sprue.

An isolated myoepithelial hamartoma is rare
in the duodenum; most of these occur in a
setting of one of the polyposis syndromes. An
isolated duodenal hamartomatous polyp occa-
sionally also contains an adenocarcinoma.
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Polyposis Syndromes

Polyposis syndromes are discussed in more
detail in Chapter 5. Covered here are only those
aspects pertinent to the duodenum.

Patients with familial adenomatous polyposis
develop polyps in the stomach, duodenum,
small bowel, and colon. True prevalence of
duodenal polyposis in these patients is not
known, because small adenomas are often not
visualized either by imaging or endoscopy.
Also, part of the confusion involves a defini-
tion of the term polyp; not all adenomas in
familial polyposis protrude into the lumen.
An endoscopic duodenal search of patients 
with familial adenomatous polyposis detects
adenomas in 30% to 60% of patients; these
tumors tend to be either flat or flat-topped ele-
vations with a central depression. The most
common duodenal location is periampullary.
An occasional duodenal polyp is a villous
adenoma.

These patients are at increased risk of devel-
oping a papilla of Vater carcinoma, and a duo-
denal adenocarcinoma is a not uncommon
cause of death in familial polyposis patients
who have had a previous colectomy. They 
are also prone to developing mesenteric 
fibromatosis.

Periampullary adenomas have been removed
endoscopically, although the long-term results
of such therapy are not known. Prophylactic
pancreaticoduodenal resection has been per-
formed for severe duodenal polyposis (10).

Bulbar Tumors

Primary duodenal bulb neoplasms are so rare
that an average physician will not encounter one
in a lifetime of practice. They are probably
reportable. Only occasional descriptions exist of
bulbar villous adenomas and adenocarcinomas.

An early bulbar cancer (well-differentiated
papillary adenocarcinoma) was detected on a
barium study as a smooth, sessile polyp (11). A
very rare one develops in a setting of a chronic
or refractory bulbar ulcer, but bulbar ulcers are
not considered to be premalignant.

More common duodenal bulb neoplasms are
benign mesenchymal tumors such as leiomy-
oma or lipoma. A rare metastatic melanoma
mimics a benign ulcer; in some parts of the
world resected skin tumors are not examined by

a pathologist and thus a patient may not be
aware of a prior melanoma resection.

Periampullary Tumors

Clinical

Discussed here are tumors originating from 
the papilla of Vater and adjacent duodenum.
Bile duct tumors are covered in Chapter 8, and 
pancreatic origin tumors are discussed in
Chapter 9.

Linguistic purists argue about correct usage,
but the terms periampullary, papillary, and 
peri-Vaterian tumor are synonymously used in
the literature and are descriptive terms for
tumors of the mid-descending duodenum,
papilla of Vater, pancreas adjacent to the papilla,
sphincter of Oddi, and even distal common bile
duct. Some malignant tumors infiltrate sur-
rounding structures to the point that a specific
site of origin cannot be identified. Nevertheless,
the site of origin should be sought because of
prognostic differences. Thus a carcinoma of the
papilla of Vater is associated with a better 
prognosis than a carcinoma originating from
adjacent pancreas.

The two most common periampullary
tumors are adenoma and adenocarcinoma.
An adenoma, quite often villous, can be quite 
large and not cause biliary obstruction (Fig.
3.3). These adenomas are premalignant. Once
jaundice ensues in a patient with a known 
peri-Vaterian adenoma, however, malignant
degeneration and invasion is likely. An occa-
sional peri-Vaterian carcinoma first manifests
as pancreatitis. In general, a cancer originating
at the papilla that has not spread through the
sphincter of Oddi invades locally; on the other
hand, a tumor penetrating through the sphinc-
ter tends to metastasize to regional lymph
nodes. Also, a malignancy penetrating the duo-
denal muscularis propria generally has a poor
prognosis.

Other papillary tumors are uncommon 
and an occasional one is difficult to classify.
A papilla of Vater adenomyoma produced
obstructive jaundice (12). A rare carcinosar-
coma and a primary carcinoma containing both
glandular and neuroendocrine differentiation
have been reported at the papilla.

Patients with von Recklinghausen’s disease
are prone to developing peri-Vaterian tumors,
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some being rather uncommon, such as a
somatostatinoma (13).A very rare peri-Vaterian
tumor acts as a lead point for common bile duct
prolapse (14).

Imaging

Even when small, some papilla cancers obstruct
the bile ducts, yet neither endoscopy nor
imaging is able to detect them. With further
growth these tumors are readily identified with
an imaging study or endoscopic cholangiopan-
creatography. An occasional periampullary 
carcinoma is not detected initially at ERCP but
becomes evident as a protruding mass only after
a papillotomy.

Peri-Vaterian carcinomas range in appear-
ance from primarily polypoid and intraluminal,
primarily intramural and infiltrating the 
duodenal wall, growing mostly into the pancre-
atic head, to those with a mixed growth pattern.
Those growing into the pancreas are often 
indistinguishable from a cholangiocarcinoma
or primary pancreatic carcinoma both by
imaging and histology (Fig. 3.4).

Transabdominal US has a limited role in
detecting these tumors.

A mostly intramural neoplasm has to be 
>1 cm or so to be identified by endoscopic US.
Nevertheless, of periampullary tumors requir-

Figure 3.3. Peri-Vaterian villous adenoma (arrows). A focus of
carcinoma can readily be present and thus a biopsy showing no
cancer is of limited help with these tumors. (Courtesy of Arunas
Gasparaitis, M.D., University of Chicago.)

Figure 3.4. A: Carcinoma of papilla. Contrast-enhanced CT reveals a nonenhancing tumor involving descending duodenum and 
pancreatic head (arrows). A distended gallbladder is evident. (Courtesy of Patrick Fultz, M.D., University of Rochester.) B: Carcinoma
originating close to the papilla of Vater. Extensive bile duct and pancreatic invasion is present. Exact site of tumor origin could not
be determined.

A B
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ing surgery, endoscopic US can correctly stage
75% to 85% of these tumors; although regional
adenopathy is detected, more distant metastases
cannot be evaluated. Similar to other imaging,
endoscopic US cannot differentiate between
benign and malignant adenopathy.

Intraductal US using high-frequency 
sonographic catheters appears useful in staging 
papillary cancers. This technique can confirm
whether a tumor extends into duodenal submu-
cosa, is limited to Oddi’s muscle, or whether it
invades pancreas; intraductal US is less sensitive
in detecting lymph node metastases.

High-spatial-resolution MRI should identify
most periVaterian tumors, in one study achiev-
ing a sensitivity of 88% and specificity of
100% in assessing of tumor invasion (15). Peri-
Vaterian carcinomas are hypointense on pre-
contrast T1-weighted images and enhance less
than normal pancreas on immediate post-
gadolinium SGE images. Tumor conspicuity is
greatest on immediate postcontrast images.
Magnetic resonance cholangiopancreatography
in some of these patients shows varying degrees
of common bile duct and pancreatic duct 
dilation.

At most sites biopsy is necessary to establish
a histologic diagnosis. In spite of this advice,
some surgeons do not obtain a percutaneous
biopsy or even retrograde cholangiopancreatog-
raphy if an imaging study defines the tumor and
its proximal extent, arguing that such preopera-
tive studies do not alter a decision for surgical
exploration and, in fact, may cause complica-
tions. They believe that visualization by non-
invasive imaging should suffice.

Tumor, node, metastasis (TNM) staging for
papilla of Vater tumors is outlined in Table 3.2.

Therapy

An ampullectomy has been performed for small
benign tumors and T1 carcinomas originating
in the papilla of Vater.

Initially performed early in the 20th century,
pancreaticoduodenectomy for a periampullary
carcinoma was advocated by Whipple in the
1930s, and since then this operation continues
to bear his name. Over the years a number of
modifications have been introduced, and cur-
rently many surgeons opt for a pylorus-
preserving variant. The indications for a
Whipple procedure have also expanded and

now include a potentially curable carcinoma in
the pancreatic head (complications and imaging
of the postoperative Whipple procedure are dis-
cussed in Chapter 9). If a Whipple procedure is
contraindicated because of metastatic disease or
poor patient condition, insertion of a palliative
biliary drainage prosthesis is an option.

Potentially, resection of a peri-Vaterian car-
cinoma should have a high cure rate. Neverthe-
less, a number of these patients do not undergo 
curative resection due to age, poor health, or
advanced disease. Catheter stenting in poor 
surgical risk patients is a viable option.
Evidence suggests that preoperative biliary
drainage in these patients results in de-
creased morbidity and shorter postoperative
hospitalization (16).

Table 3.2. Tumor, node, metastasis (TNM) staging of papilla of
Vater tumors

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma-in-situ
T1 Tumor limited to ampulla of Vater or sphincter 

of Oddi
T2 Tumor invades duodenal wall
T3 Tumor invades pancreas
T4 Tumor invades peripancreatic soft tissues or 

adjacent organs

Lymph nodes:
Nx Regional nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis to regional nodes

Distant metastasis:
Mx Distant metastases cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Tumor stages:
Stage 0 Tis N0 M0
Stage IA T1 N0 M0
Stage IB T2 N0 M0
Stage IIA T3 N0 M0
Stage IIB T1 N1 M0

T2 N1 M0
T3 N1 M0

Stage III T4 any N M0
Stage IV any T any N M1

Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.
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After a Whipple procedure for a peri-Vaterian
carcinoma, resection margin tumor involve-
ment is the major prognostic factor for survival.
Among consecutive patients who underwent
pancreaticoduodenectomy with radical lym-
phadenectomy for papillary carcinoma, 54%
had positive lymph nodes (17); the most
common tumor spread was to the posterior
pancreaticoduodenal nodes, followed by the
inferior pancreaticoduodenal artery nodes and
then the paraaortic nodes. Distal metastasis is
uncommon for these tumors, at least initially.

Adenoma/Adenocarcinoma

Excepting the periampullary region (discussed
above), duodenal adenomas are uncommon.
They are considered premalignant. Some
contain predominantly a villous component
(Fig. 3.5).

About half of small bowel adenocarcinomas
occur in the duodenum; their appearance is
similar to that of the rest of the small bowel (Fig.
3.6). Patients with celiac disease have a slightly
increased prevalence of duodenal carcinoma
than the general population. A duodenal 
carcinoma developing years after a Billroth 
gastroduodenostomy is probably unrelated to
the original surgery. Patients with hereditary
nonpolyposis colorectal cancer are probably not
at increased risk for developing a duodenal
adenoma or carcinoma.

A retrospective multiinstitution review of
patients with duodenal adenocarcinomas found
a detection accuracy of 82% for duodenography
and 88% for endoscopy (18); almost two thirds
of these tumors were in the periampullary
region. Detecting an adenocarcinoma in the
distal duodenum is beyond endoscopic reach,
but it can also be difficult with both barium
studies and CT (Fig. 3.7).

Figure 3.5. Duodenal villous adenoma (arrow).

Figure 3.6. Descending duodenal adenocarcinoma (arrow).
(Courtesy of Arunas Gasparaitis, M.D., University of Chicago.)

Figure 3.7. Primary necrotic duodenal adenocarcinoma in
distal duodenum (arrows). A sarcoma or lymphoma can have a
similar ulcerated appearance.
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The duodenum shares its blood supply with
the pancreas. As a result, depending on tumor
location and the extent of infiltration, adequate
resection often requires a pancreaticoduo-
denectomy, although occasionally a pancreas-
sparing duodenectomy is feasible.

Endoscopic resection of some duodenal 
adenomas and carcinomas is practiced in Japan.
Saline is injected into the submucosa near the
tumor, which is resected using electrocoagula-
tion. Elevated tumors less than 50 mm in diam-
eter have been removed using this technique
(19). Larger tumors and depressed ones with 
or without marginal elevation are resected 
surgically.

Lymphoma/Leukemia

Mucosa-associated lymphoid tissue (MALT)
lymphoma rarely affects the duodenum. At
times multiple small erosions are detected. One
MALT low-grade B-cell lymphoma in the duo-
denal bulb was detected by a barium study and
endoscopy as multiple elevated, irregularly con-
toured nodules (20).Adult T-cell leukemia led to
varioliform polypoid infiltration in the duode-
num (21). Sufficient involvement of adjacent
lymph nodes will result in duodenal obstruction
(Fig. 3.8).

Mesenchymal Tumors

Some duodenal stromal tumors are sufficiently
undifferentiated to be difficult to characterize.
At times even mitotic activity does not dis-
tinguish between benign and malignant
tumors. Similar to other mesenchymal tumors,
a duodenal leiomyoma may bleed or, if large
enough, result in obstruction. Presumably some
benign tumors eventually undergo sarcomatous
degeneration.

A thallium-201 single photon emission 
computed tomography (SPECT) myocardial
perfusion study revealed prominent uptake in a
duodenal leiomyosarcoma (22).

The occasional duodenal lipoma is often an
incidental finding (Fig. 3.9). Some are huge.
Some become pedunculated and even act as a
lead point for an intussusception. A rare one
erodes and bleeds.

A barium study reveals a lipoma either as an
intramural or intraluminal polyp. The primarily
fat composition of a lipoma is identified by CT
(assuming that the tumor is detected by CT).

Metastasis or Direct Invasion

A malignancy in any adjacent structure readily
invades the duodenum and, similar to a metas-
tasis, readily bleeds or obstructs the duodenal
lumen (Fig. 3.10). Thus an advanced right renal
cell carcinoma and some pancreatic malignan-

Figure 3.8. Lymphoma obstructing duodenum. Duodenal 
invasion by an adjacent pancreatic carcinoma or a metastasis 
to paraaortic nodes has a similar appearance.

Figure 3.9. Duodenal lipoma (arrow). (Courtesy of Arunas 
Gasparaitis, M.D., University of Chicago.)
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cies readily invade the duodenum. A hepatocel-
lular carcinoma spreading to portal lymph
nodes will also invade the first or second 
duodenal segment. Most common metastases
involve the pancreaticoduodenal nodes or 
adjacent paraaortic nodes (Fig. 3.11).

A “bull’s-eye” lesion distal to the bulb rarely
represents a benign ulcer; more likely it is a
metastatic melanoma (Fig. 3.12) or breast 
carcinoma. Larger melanomas tend to mimic
necrotic mesenchymal tumors.

An inoperable cancer patient presenting with
gastric outlet or duodenal obstruction should
be considered for palliation with a perorally
implanted self-expanding endoprosthesis.
Occasionally combined biliary and duodenal
obstructions can be bypassed with double stents
introduced percutaneously.

Neuroendocrine

Carcinoid

Carcinoid tumors are not uncommon in the
duodenum. Most are <1 cm in size and benign,
and are detected incidentally. Some carcinoids
adjacent to the ampulla of Vater are associated
with pancreatitis.

Endoscopic US appears to aid in duodenal
carcinoid detection and in evaluating the depth
of tumor invasion.

High-resolution breath-hold contrast-
enhanced magnetic resonance imaging (MRI)
detected a 10-mm primary duodenal carcinoid
(23).

Endoscopic resection is feasible with some
superficial carcinoids.

Gastrinoma

Gastrinomas are discussed in more detail in
Chapter 9. Duodenal gastrinomas range from
single to multiple and some are associated with
synchronous pancreatic tumors. They are 
somewhat prevalent in patients with multiple
endocrine neoplasia (MEN) type I syndrome,
and among these patients a majority of
carcinoids consist of gastrointestinal sub-
mucosal nodules; only a minority of patients
with sporadic Zollinger-Ellison syndrome have
similar submucosal nodules. Clinically, these
patients develop hypergastrinemia and gastric
acid hypersecretion.

Duodenal gastrinomas are considerably more
malignant than those originating in the pan-
creas; it is not uncommon to find lymph node
metastasis at initial presentation even with a

Figure 3.10. Pancreatic carcinoma invading duodenum
(arrows).The symmetrical circumferential invasion is somewhat
atypical.

Figure 3.11. Metastatic Merkel cell tumor to third duodenal
segment produces partial obstruction (arrow). More common
metastases to this location are colon and breast carcinomas.
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small primary tumor. Especially among the
small ones located submucosally in the first or
second part of the duodenum only a minority
are identified by preoperative imaging. A 
15-mm submucosal gastrinoma palpated at
surgery in the posterior duodenal wall had an
enlarged peripancreatic lymph node close to the
pancreas head as the only positive preoperative
imaging finding, although surgery revealed
regional lymph node metastases (24).

Clinically these patients develop hypergas-
trinemia and gastric acid hypersecretion.

At times selective arterial secretin injection
aids in localizing these tumors. Fine-needle
aspiration cytology has been performed with
some of these tumors.

Paraganglioma

Duodenal paragangliomas are rare, usually
benign tumors having a predilection for the
periampullary region. An occasional one 
presents with gastrointestinal bleeding. An
occasional periampullary paraganglioma is
pedunculated, results in obstructive jaundice, or
is simply detected as an incidental duodenal
polyp on a barium study.

Paragangliomas appear solid and homoge-
neous on CT, US, and MRI, and enhance 
homogeneously postcontrast; they contain a
prominent vascular network.

Other

Only a rare schwannoma is reported in the 
duodenum. Use of water as oral contrast during
contrast-enhanced CT aids in identifying these
hypervascular bleeding schwannoma.

An occasional small superficial insulinoma
can be resected endoscopically.

Dilation/Obstruction
Obstruction by an annular pancreas is dis-
cussed in Chapter 9. Paraduodenal hernias are
covered in Chapter 14.

Gallstone Ileus
A biliary-enteric fistula caused by an eroding
gallstone develops to the stomach, duodenum,
or even transverse colon. A majority are to the

Figure 3.12. Metastatic melanoma. A: A “bull’s-eye” appearance (arrow) is typical in the small bowel. (Courtesy of William Bechtel,
M.D., M. D. Anderson Hospital, Houston, Texas.) B: A necrotic tumor (arrows) has replaced the fourth duodenal segment. (Courtesy of
Arunas Gasparaitis, M.D., University of Chicago.)

A B
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duodenum. Rarely, multiple fistulas ensue. Most
originate from the gallbladder, with an occa-
sional one evolving from the common bile duct.
Once the presence of a fistula is established,
the surgeon is interested in whether it com-
municates with the gallbladder or bile duct, but
a surrounding inflammation can make this 
differentiation difficult at surgery, and often 
an imaging study will suggest the path of a
fistulous communication. An upper gastroin-
testinal study is generally most helpful with this
differentiation, although indirect CT signs, such
as whether the gallbladder is contracted and the
location of bile duct versus gallbladder gas, can
occasionally point toward a correct diagnosis.

Although a gallstone can obstruct anywhere
in the gastrointestinal tract, most impact in the
distal ileum (but not the terminal ileum); the
second most common location is in the duode-
num (Bouveret’s syndrome), and the patient
then presents with gastric outlet obstruction.
In addition to duodenal lumen obstruction, at
times a stone also leads to bile duct obstruction,
and the patient presents with jaundice.
Bouveret’s syndrome is sufficiently rare that no
large series have been published, but common
enough that numerous single reports exist. It is
unfortunate that some of these patients have
died without a simple radiologic study being
obtained; a barium study or CT should be 
diagnostic.

A gallstone does not necessarily need to pass
into the duodenal lumen to obstruct. Thus a
stone eroding into the duodenal wall but not 
yet forming a fistulous tract to the lumen will
obstruct. An analogy can be made to Mirizzi’s
syndrome, where an eroding stone leads to bile
duct obstruction. A gallstone impacting in an
intraluminal duodenal diverticulum is a rare
cause of duodenal lumen obstruction. In 
addition to lumen obstruction, hemorrhage is a
common consequence of a stone eroding into
the stomach or duodenum.

Most of these stones are approached surgi-
cally. Duodenal obstruction by a gallstone has
been treated by endoscopic lithotripsy (25).

Superior Mesenteric 
Artery Syndrome
Duodenal obstruction secondary to compres-
sion by the adjacent anteriorly located superior

mesenteric artery (SMA) is currently rarely
encountered. This condition, called SMA syn-
drome, cast syndrome, and Wilkie’s syndrome,
generally develops in thin patients or those 
suddenly bedridden. A number of patients
developed acute SMA syndrome after surgery
for severe spinal deformity. It has developed
after rapid weight loss due to bowel resection.
When fully developed, this syndrome presents a
serious management problem; as an extreme,
gastric necrosis has ensued.

Although CT and magnetic resonance
angiography (MRA) will detect this condition,
the diagnosis is generally straightforward with
a barium study (Fig. 3.13).

In most patients, subsequent mobility or
weight gain is generally curative. An occasional
patient requires a duodenojejunostomy, al-
though SMA syndrome has recurred in a rare
patient.

Occasionally, a suddenly bedridden patient
develops a similar obstruction more distally in
the small bowel.

Intussusception
Normally the extraperitoneal duodenal location
should prevent intussusception, although large

Figure 3.13. Severe superior mesenteric artery syndrome. Oral
and intravenous contrast-enhanced CT reveals marked dilation
of the descending duodenum and an abrupt cut-off in the 
third portion (arrow). The superior mesenteric artery and vein
had a normal relationship.The patient underwent a duodenoje-
junostomy. (Courtesy of Patrick Fultz, M.D., University of
Rochester.)
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polyps do predispose to an intussusception.
Thus patients with Peutz-Jeghers syndrome,
who tend to have large duodenal polyps,
are prone to this complication, and it is often
recurrent. Intermittent abdominal pain is
common.

A barium study or CT in Peutz-Jeghers
patients often detects recurrent duodenojejunal
intussusception. Eventual almost complete 
duodenal obstruction requires surgical
polypectomy. At times associated bile duct and
pancreatic duct obstruction are sequelae of
a duodenojejunal intussusception and on a
chronic basis have led to pancreatic atrophy.

Extrinsic Causes
Ileocolic intussusception in the very young is a
common occurrence. Occasionally such an
intussusception and resultant bowel dilation
obstruct the adjacently located duodenum.

Other Obstructions
Duodenal obstruction has been caused by a 
shiitake mushroom (26).

Chronic adynamic ileus (intestinal pseudo-
obstruction) also affects the duodenum. A
hereditary autosomal-dominant form is charac-
terized by visceral myopathy manifesting as 
a megaduodenum (27); histology identified 
longitudinal muscle vacuolar degeneration and
fibrosis.

Diverticula
Peri-Vaterian
Duodenal diverticula are most common in the
papilla of Vater region and most are detected
incidentally during barium imaging or ERCP.
Their CT and MR appearance can be somewhat
confusing (Fig. 3.14). For instance, in one study
of patients with periVaterian diverticula, MR
cholangiography missed 18% and clearly
detected only 35% (28). Their content varies
considerably. In an occasional patient such a
peri-Vaterian diverticulum becomes infected,
bleeds, obstructs adjacent duodenal lumen, or
even harbors a malignancy. At times bleeding is
massive.Adjacent infection or tumor predispose

to perforation and fistula formation from a
diverticulum to adjacent structures. Ulcers and
even an eroding enterolith within a diverticu-
lum have led to duodenal diverticular perfora-
tion (29). These perforations are either into the
peritoneal cavity or into an adjacent organ.

Patients with a peri-Vaterian diverticulum
probably have impaired sphincter of Oddi 
function, presumably secondary to compression
of the adjacent distal bile duct, and many case
reports have suggested an increased risk for
choledocholithiasis, cholangitis, and pancreati-
tis in the presence of a peri-Vaterian diverticu-
lum. Yet a retrospective study of 1115 patients
undergoing ERCP detected only a moderate,
but not statistically significant, relationship
between presence of a peri-Vaterian diverticu-
lum and common bile duct stones (30). Several
other studies have reached similar conclusions,
and if there is an increased risk of choledo-
cholithiasis in patients with a peri-Vaterian
diverticulum, it is small.

Some patients with Ehlers-Danlos syndrome
develop a large duodenal diverticulum. A 
peri-Vaterian diverticulum filled with a food
bezoar occasionally results in common bile duct
obstruction.

Ultrasonography reveals a peri-Vaterian
diverticulum as a collection of persistent bright
linear or concave echoes close to the pancreatic
head.

Figure 3.14. Duodenal diverticulum. CT identifies gas in the
pancreatic head (arrow). Initially this gas was believed to be in
an abscess in this patient with pancreatitis. (Courtesy of Patrick
Fultz, M.D., University of Rochester.)
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Intraluminal
Most intraluminal diverticula (also described as
a wind-sock sign) develop in the second part of
the duodenum and most manifest in young
adults. Whether all of these diverticula are 
congenital in origin is conjecture, although
some are associated with other duodenal con-
genital anomalies, including ampulla of Vater
malposition. In an occasional patient the
ampulla is located in the diverticulum or on its
rim. Small ones tend to be incidental findings,
but duodenal obstruction, stasis, bleeding, and
pancreatitis are occasional sequelae of larger
ones.

Whether all of these diverticula are congeni-
tal in origin is conjecture, although some are
associated with other duodenal congenital
anomalies, including ampulla of Vater malposi-
tion. At times the ampulla is located on the
diverticular rim.

The diagnosis is straightforward with a
barium study. Other imaging modalities detect
these diverticula if an intraluminal collection of
contrast can be identified surrounded by a thin
radiolucent line. Their connection to the main
lumen ranges from a focal neck to an almost 
circumferential opening. Their classic wind-
sock appearance is pathognomonic, although
diagnostic problems occur if the diverticulum is
already filled with secretions and little contrast
enters its lumen.

Locating the ampulla is obviously important
if diverticular excision is contemplated.

Other Diverticula
Most diverticula in the third and fourth por-
tions of the duodenum are incidental findings
(Fig. 3.15). Although stasis within such a diver-
ticulum is common, the volume involved is
sufficiently small that clinical malabsorption
rarely develops.

Bleeding, at times massive, is occasionally
encountered from distal duodenal diverticula.
Most endoscopy does not reach much beyond
the second duodenal segment and simply
detects intraluminal blood without identifying
a site of bleeding. With active bleeding either a
technetium-99m (Tc-99m) red blood cell study
or arteriography is the study of choice.

Melanosis
Occasionally endoscopy reveals melanin-like
black or brown spots within the duodenum,
usually within the first and second parts.
Although such a finding can be secondary to a
melanoma, more often no tumor is found. These
melanin-like spots represent iron deposition
within macrophages. This condition, also
known as pseudomelanosis duodeni, is more
common in the elderly and those with chronic
illnesses, and in some appears related to hyper-
tension or antihypertensive medications.

Perforation/Fistula
Although considerably less common than in
years past, the most common cause of duodenal
perforation in adults continues to be peptic
ulcer disease. An acute perforated ulcer is one 
of the causes of an acute abdomen and usually
requires surgical correction. An occasional
impacted fish bone results in duodenal perfora-
tion, a rare event.

A laparoscopic approach is feasible to treat
duodenal perforations. A retrospective study 
of laparoscopic repair of perforated duodenal
ulcers in 35 patients found that conversion to

Figure 3.15. Giant diverticulum (arrows) at ligament of Treitz
region. (Courtesy of Thomas Miller, M.D., San Louis Obispo,
California.)
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laparotomy was necessary in 23%, with the
causes being a fragile perforation edge, a perfo-
ration that could not be identified, and extensive
intraabdominal adhesions (31).

Vascular Lesions (Bleeding)
Vascular fistulas are discussed in Chapter 17.

Dieulafoy Lesion
Dieulafoy lesions are rarely described in the
duodenum. Their endoscopic appearance is
similar to those seen in the stomach.

Varices
Duodenal varices are less common than in the
esophagus or stomach. Most of these varices are
part of an esophagogastric variceal complex,
but an occasional patient develops only isolated
duodenal varices. Isolated portal vein thrombo-
sis appears to predispose to duodenal varices
that are part of a retroperitoneal portosystemic
shunt system. They have been reported
throughout the duodenum. The feeding vessel is
either the superior or inferior pancreaticoduo-
denal vein or superior mesenteric vein. Efferent
veins drain into the inferior vena cava.

Although most duodenal varices are 
secondary to portal hypertension, occasionally

a mesenteric arteriovenous fistula results in iso-
lated duodenal varices and portal hypertension.
A bleeding duodenal varix developed in a
setting of splenic vein thrombosis and chronic
pancreatitis (32).

Fluoroscopy shows that duodenal varices
tend to decrease in size with inspiration.

Devascularization or percutaneous transhep-
atic obliteration of the varix in question is 
often the treatment of choice for these varices.
Other options for controlling bleeding from
these bleeding varices include endoscopic liga-
tion, endoscopic injection sclerotherapy, and
transjugular intrahepatic portosystemic shunt
(TIPS).

Angiodysplasia/ Telangiectasia
A duodenal angiodysplasia bleeding site is least
common in the gastrointestinal tract. An occa-
sional duodenal site is found in patients with
hereditary hemorrhagic telangiectasia. Some of
these angiodysplasias are related either to the
major or minor papilla.

Therapy
Endoscopy is often the initial examination per-
formed in patients with upper gastrointestinal
bleeding. In some patients, however, endoscopic
therapy is not successful in stopping bleeding
from a duodenal site, and in these patients arte-

Figure 3.16. Gastroduodenal artery embolization for bleeding duodenal ulcer. Pretherapy arteriogram (A) and coil obstructing 
gastroduodenal artery (B, arrow). (Courtesy of Oscar Gutierrez, M.D., University of Chile, Santiago, Chile.)
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riography and subsequent transcatheter arterial
embolization should be considered. Emboliza-
tion successfully achieves hemostasis in most
patients, although the success rate is less than
with lower gastrointestinal bleeding (Fig. 3.16).
Occasionally single-vessel embolization will not
arrest bleeding, and embolization of both gas-
troduodenal and inferior pancreaticoduodenal
arteries is necessary. In spite of the rich duode-
nal blood supply, such synchronous emboliza-
tion should be undertaken with caution because
of the possible induction of duodenal or pan-
creatic ischemia.

References
1. Alvarez C, Rueda O,Vicente JM, Fraile E. Gastric emphy-

sema in a child with congenital duodenal diaphragm.
Pediatr Radiol 1997;27:915–917.

2. Thiefin G, Barraya R, Ramaholimihaso F, Diebold MD.
[Duodenal diaphragm induced by aspirin.] [French]
Presse Med 2000;29:1351–1352.

3. Rha SE, Lee JH, Lee SY, Park SM. Duodenal diaphragm
associated with long-term use of nonsteroidal anti-
inflammatory drugs: a rare cause of duodenal obstruc-
tion in an adult. AJR 2000;175:920–921.

4. Sollfrank M, Koch W, Waldner H, Rudisser K. [Intra-
mural duodenal hematoma after endoscopic biopsy.]
[German] Rofo Fortschr Geb Rontgenstr Neuen Bildgeb
Verfahr 2001;173:157–159.

5. Shah P, Applegate KE, Buonomo C. Stricture of the duo-
denum and jejunum in an abused child. Pediatr Radiol
1997;27:281–283.

6. McWilliams RG, Blakeborough A, Johnson MI, Weston
M. Case report: the “veiled right kidney sign”—an 
ultrasound finding in retroperitoneal perforation of the
duodenum. Br J Radiol 1996;69:1061–1063.

7. Long FR, Kramer SS, Markowitz RI, Liacouras CA.
Duodenitis in children: correlation of radiologic
findings with endoscopic and pathologic findings. Radi-
ology 1998;206:103–108.

8. Naouri C, Menecier P, Naouri A, Levenq P. [Duodenal
tuberculosis: a difficult diagnosis.] [French] Presse Med
1997;26:805–806.

9. Vullierme MP, Vilgrain V, Flejou JF, et al. Cystic dystro-
phy of the duodenal wall in the heterotopic pancreas:
radiopathological correlations. J Comput Assist Tomogr
2000;24:635–643.

10. Causeret S, Francois Y, Griot JB, Flourie B, Gilly FN,
Vignal J. Prophylactic pancreaticoduodenectomy for
premalignant duodenal polyposis in familial adenoma-
tous polyposis. Int J Colorectal Dis 1998;13:39–42.

11. Bradford D, Levine MS, Hoang D, Sachdeva RM, Einhorn
E. Early duodenal cancer: detection on double-contrast
upper gastrointestinal radiography. AJR 2000;174:1564–
1566.

12. Ligorred L, Morollon MJ, Aragon J, et al. [Obstructive
jaundice from an adenomyoma of the ampulla of Vater.]
[Spanish] Rev Esp Enferm Dig 1997;89:411–412.

13. Hamissa S, Rahmouni A, Coffin C, Wolkenstein P. CT
detection of an ampullary somatostatinoma in a patient
with von Recklinghausen’s disease. AJR 1999;173:
503–504.

14. Smith TR, Berkowitz D, Frost A. Prolapse of the
common bile duct with small ampullary villous adeno-
carcinoma into third part of the duodenum. AJR 2003;
181:599–600.

15. Sugita R, Furuta A, Ito K, Fujita N, Ichinohasama R,
Takahashi S. Periampullary tumors: High-spatial-
resolution MR imaging and histopathologic findings 
in ampullary region specimens. Radiology 2004;
231:767–774.

16. Marcus SG, Dobryansky M, Shamamian P, et al.
Endoscopic biliary drainage before pancreatico-
duodenectomy for periampullary malignancies. J Clin
Gastroenterol 1998;26:125–129.

17. Shirai Y, Ohtani T, Tsukada K, Hatakeyama K. Patterns
of lymphatic spread of carcinoma of the ampulla of
Vater. Br J Surg 1997;84:1012–1016.

18. Santoro E, Sacchi M, Scutari F, Carboni F, Graziano F.
Primary adenocarcinoma of the duodenum: treatment
and survival in 89 patients. Hepatogastroenterology
1997;44:1157–1163.

19. Hirasawa R, Iishi H, Tatsuta M, Ishiguro S.
Clinicopathologic features and endoscopic resection of
duodenal adenocarcinomas and adenomas with the
submucosal saline injection technique. Gastrointest
Endosc 1997;46:507–513.

20. Kawai T, Tada T, Yokoyama, Joh T, Itoh M. Lymphoma
arising in mucosa-associated lymphoid tissue of the
duodenal bulb. J Gastroenterol 1998;33:97–101.

21. Gakiya I, Kugai Y, Hayashi S, et al. Varioliform mucosal
polypoid lesions in intestinal tract in a patient with
adult T-cell leukemia. J Gastroenterol 1997;32:553–
557.

22. Shuke N, Tonami N, Takahashi I, et al. Prominent uptake
of Ti-201 by duodenal leiomyosarcoma after exercise
myocardial perfusion study. Clin Nucl Med 1995;20:
299–301.

23. Whitfill CH, Siegelman ES, Rosato EF, Furth EE. Primary
carcinoid of the duodenum: detection and characteri-
zation by magnetic resonance imaging. J Magn Reson
Imaging 1998;8:1175–1176.

24. Takasu A, Shimosegawa T, Fukudo S, et al. Duodenal gas-
trinoma—clinical features and usefulness of selective
arterial secretin injection test. J Gastroenterol 1998;33:
728–733.

25. Dumonceau JM, Delhaye M, Deviere J, Baize M, Cremer
M. Endoscopic treatment of gastric outlet obstruction
caused by a gallstone (Bouveret’s syndrome) after extra-
corporeal shock-wave lithotripsy. [Review] Endoscopy
1997;29:319–321.

26. Hitosugi M, Kitamura O, Takatsu A, Yoshino Y. Autopsy
case of duodenal obstruction from impacted mush-
room. [Review] J Gastroenterol 1998;33:562–565.

27. Basilisco G. Hereditary megaduodenum. [Review] Am J
Gastroenterol 1997;92:150–153.

28. Tsitouridis I, Emmanouilidou M, Goutsaridou F, et al.
MR cholangiography in the evaluation of patients with
duodenal periampullary diverticulum. Eur J Radiol
2003; 47:154–160.

29. Tsukamoto T, Hasegawa I, Ohta Y, et al. [Perforated 
duodenal diverticulum caused by enterolith.] [Review]



124

ADVANCED IMAGING OF THE ABDOMEN

[Japanese] Nippon Shokakibyo Gakkai Zasshi 1998;95:
895–899.

30. Novacek G,Walgram M, Bauer P, Schofl R, Gangl A, Potzi
R. The relationship between juxtapapillary duodenal
diverticula and biliary stone disease. Eur J Gastroenterol
Hepatol 1997;9:375–379.

31. L’Helgouarc’h JL, Peschaud F, Benoit L, Goudet P,
Cougard P. [Treatment of perforated duodenal ulcer by

laparoscopy. 35 cases.] [French] Presse Med 2000;29:
1504–1506.

32. Dhadphale S, Sawant P, Rathi P, et al. Bleeding duodenal
varix in splenic vein thrombosis and chronic pancreati-
tis. Indian J Gastroenterol 1998;17:29–30.



Technique
Contrast Studies
Barium Sulfate

Accepted clinical indications for a barium small
bowel study include (1) unexplained gastroin-
testinal bleeding, (2) suspected small bowel
tumor, (3) suspected small bowel obstruction,
(4) Crohn’s disease, and (5) malabsorption.
Computed tomography (CT) has made inroads
in some of these indications, especially with
suspected obstruction, and whether a barium
study or CT is performed varies considerably
between institutions. The role of a swallowed
capsule is still being established. Nevertheless, a
majority of American radiologists both in aca-
demia and private practice continue to perform
small bowel follow through examinations (1).

This is not the place to discuss relative 
merits of a conventional small bowel study
versus enteroclysis and other more specialized
examinations.

The limitations of a conventional small bowel
study are well known. Enteroclysis has achieved
a sensitivity and specificity of over 90% in
detecting abnormalities responsible for a
patient’s symptoms, and some experts are
adamant that the conventional small bowel
follow-through examination should be aban-
doned; still, this examination continues to be
performed throughout most of the world.

The small bowel is studied using a barium
sulfate suspension in water (including various

additives). One novel approach is to substitute a
methylcellulose solution instead of water as the
suspending agent. Use of a 40% barium suspen-
sion in methylcellulose improved small bowel
image quality (compared to a water suspension)
(2). Whether such a modification is overall
advantageous remains to be established.

The peroral pneumocolon and gas-enhanced
double-contrast study have carved a very
limited niche in the study of suspected small
bowel disease. Retrograde ileography using an
endoscopically introduced occluding balloon is
an option (3); its complexity argues against
wide use.

Enteroscopy visualizes the proximal small
bowel. Some authors believe that a combination
of enteroscopy and enteroclysis via a catheter
inserted on enteroscope withdrawal offers the
advantages of both studies.

Water-Soluble Agents

Ionic water soluble contrast agents beloved by
some surgeons have a very limited role in small
bowel studies. They are hyperosmolar and draw
fluid into the small bowel lumen, resulting in
distention and dilution. Especially in neonates
they tend to damage mucosa and induce hypo-
volemia. Considerably more harm is produced
if these agents are aspirated into the lungs than
with barium.

Most nonionic agents are still hyperosmolar,
but are associated with fewer side effects and
complications than ionic agents. They lead to

4
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less dilution and are better visualized in the
small bowel than are ionic agents. Nevertheless,
for optimal visualization with conventional
radiography barium sulfate is preferred in most
patients.

Normally ionic water-soluble contrast agents
are minimally absorbed after oral use, al-
though idiosyncratic absorption exists. An
occasional patient without underlying small
bowel disease has sufficient absorption to
opacify renal collecting systems, but, in general,
such absorption should be viewed with suspi-
cion. Common causes of visualizing the renal
collecting systems after oral administration are
bowel perforation and impaired bowel mucosal
integrity.

Prevalence of contrast sensitivity secondary
to oral contrast ingestion is much less than with
intravenous (IV) injection, although contrast
reactions occur even with dilute solutions, such
as used to opacify the gut for CT studies.

Computed Tomography
Conventional

Oral contrast is necessary for adequate evalua-
tion of most small bowel abnormalities. Intra-
luminal contrast not only identifies small bowel
loops, but also reveals any bowel wall thicken-
ing, an exception being in patients with sus-
pected high-grade obstruction who are studied
without oral contrast. For most examinations,
whether a dilute iodine solution or a barium
sulfate suspension is used is generally a personal
preference.With slower CT units an iodine solu-
tion tends to produce fewer streak artifacts than
a barium suspension, a problem of little con-
sequence with multislice CT. Commercial
barium suspensions tend to taste better than
iodine solutions, a factor in examining nausea-
prone cancer patients. Iodine taste is often
masked by adding sugar and various fruit
extracts; although essentially sugar-free iodine
contrast agents are available, in general the
barium products contain less sugar than corre-
sponding iodine suspensions.

One cannot take commercial barium sulfate
preparations designed for fluoroscopic study
and dilute them for CT use; such an attempt
leads to a very low barium sulfate suspension in
water, and within minutes this barium simply
settles out of suspension on dependent bowel
mucosa, resulting in incomplete lumen visuali-

zation and gross artifacts. Commercial CT
barium manufacturers overcome this settling
tendency, in part, by using rather small barium
sulfate crystal particles and various high vis-
cosity antisettling additives.

A concentration of 1.5% to 2.0% small parti-
cle barium sulfate preparations is suitable for
oral small bowel opacification during abdomi-
nal CT; as a further refinement, a 2.0% concen-
tration provided better jejunal contrast, whereas
a slightly lower concentration is better suitable
for pelvic structures.

Other CT oral contrast agents are feasible and
at times preferred. Among whole milk, 2% milk,
water, barium suspension, and no oral contrast,
whole milk was superior to the others (4).

The term double-contrast abdominal CT is
used in the trauma literature to specify use of
both intravenous and per oral contrast; this is a
misuse of the traditional connotation of “double
contrast” in radiology and is best avoided to
prevent confusion.

Computed Tomography Enteroclysis

Computed tomography enteroclysis consists of
bowel intubation with an enteroclysis catheter
and instilling a water-soluble contrast agent, a
dilute barium suspension, or a methylcellulose
suspension followed immediately by CT scan-
ning. Whether a positive contrast agent or a
water-density agent together with an intra-
venous contrast agent to opacify bowel mucosa
is superior is not clear. Negative oral contrast
agents designed specifically for CT-enteroclysis
are also becoming available. Multislice CT 
performed during a single breath-hold allows
three-dimensional (3D) reconstruction.

Computed tomography enteroclysis is a
viable alternate in a setting of small bowel
obstruction or inflammatory bowel disease and
in a search for polyps. It is superior to 
conventional CT, especially with low-grade
bowel obstruction. Whether CT enteroclysis 
is preferred over conventional enteroclysis is 
debatable.

Ultrasonography
Conventional ultrasonography (US) does detect
small bowel wall thickening. The major limita-
tion of US is in a setting of increased bowel gas,
a finding usually present in many small bowel
abnormalities.
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Magnetic Resonance
Technique

Currently magnetic resonance (MR) has a
limited role in small bowel disease, although
potential applications exist. After CT entero-
clysis, it was only a question of time before 
MR enteroclysis was also performed. Single
breath-hold magnetic resonance imaging (MRI)
after enteroclysis with oral iron particles in
Crohn’s patients detected most stenoses,
fistulas, and marked bowel wall thickening with
prominent contrast enhancement (5). Magnetic
resonance enteroclysis using methylcellulose in
patients with suspected inflammatory bowel
disease or small bowel obstruction achieves
similar results to those obtained with conven-
tional enteroclysis or surgery (6). Another 
MR enteroclysis study using oral and IV
gadolinium–diethylene triamine pentaacetic
acid (DTPA) reached similar conclusions,
noting that a prerequisite for an excellent study
is good bowel distention and a homogeneous
appearance (7). Although one study of CT ente-
roclysis immediately followed by MR found CT
sensitivity higher than MR in detecting small
bowel wall thickening, wall enhancement and
detection of adenopathy (8), the relative merits
of CT enteroclysis versus MR enteroclysis
remain to be explored.

Although techniques vary, precontrast T1-
weighted spoiled gradient echo (SGE) images,
T2-weighted images, and early and late post-
contrast SGE images are commonly obtained.
Single breath-hold MR sequences minimize
peristaltic artifacts and aid in evaluating dilated
bowel.

Contrast Agents

The primary objective of oral MR bowel con-
trast agents is to identify bowel lumen and dif-
ferentiate normal bowel wall from an abnormal
process. For most MR enteroclysis, contrast is
injected via a nasojejunal catheter.

Oral MR contrast agents are subdivided into
positive contrast agents, which predominantly
shorten T1 and increase MR signal intensity on
T1-weighted images, and negative contrast
agents, which either shorten T2 and decrease
signal intensity or simply lack hydrogen
protons. Positive contrast agents include various
iron, manganese, and gadolinium paramagnetic
compounds. Their hyperintense signal is useful

in detecting a sinus tract; on the other hand,
they mask intraluminal contents and make
bowel wall visualization difficult.

A distinction between positive and negative
contrast agents is not absolute, and MR proper-
ties of some contrast agents change both with
dilution and MR sequence used. For example, in
vivo ferric ammonium citrate is hyperintense
on both T1- and T2-weighted turbo spin echo
(TSE) and fat-suppression images 20 minutes
after contrast administration at concentrations
<45 mg/mL (9); on the other hand, at higher
concentrations and at 10 to 20 mg/mL, bowel
loops are hypointense on T2-weighted TSE and
short-time inversion recovery (STIR) images
both at 20 minutes and 2 hours. A more relevant
issue is whether this contrast improves sensitiv-
ity and specificity for detecting abnormalities;
the current results are not clear (10). Gadolin-
ium is a positive contrast agent and shortens T1
in the small bowel, but when concentrated in the
colon acts as a negative contrast agent.

A dilute barium sulfate suspension is a 
useful negative agent. Air and water are also MR
contrast agents. The perfluorocarbons lack
hydrogen protons and do not produce a MR
signal on either T1- or T2-weighted images.
Their role in the gastrointestinal tract is not
established.

Positive contrast agents accentuate motion
artifacts, which are reduced by choosing short
scanning times. On the other hand, contrast
artifacts are more common with negative
agents, yet bowel wall detail is accentuated with
negative agents. Use of antiperistaltic pharma-
cologic agents is not common.

Scintigraphy
Technetium-99 m (Tc-99 m)–hexamethylpropy-
leneamine oxime (HMPAO)–labeled leukocyte
scintigraphy is useful in detecting inflamma-
tion. Its major application is with a suspected
abscess, in Crohn’s disease, and other inflamma-
tory processes.

Capsule Endoscopy/Biopsy
Capsule endoscopy is an endoscopic procedure
and is not covered in this work, but mentioned
must be its relevance to small bowel imaging
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studies. The most common abnormal capsule
finding is angioectasia and similar submucosal
malformations, lesions not detected by imaging
studies (11); also, more ulcers are detected with
a capsule than with barium or CT.

Percutaneous 18-gauge core biopsies or 21-
gauge aspiration of bowel wall tumors using CT
and US guidance are performed similarly to
other abdominal site biopsies.

Percutaneous Jejunostomy
A percutaneous jejunostomy is believed to be
difficult to perform due to inconstant small
bowel position and mobility. Yet one study
achieved a 95% success rate for new feeding
jejunostomies and an 81% success rate for
replacement jejunostomies (12); these jejunos-
tomies aid drainage, dilation, stone extraction,
and bile duct or intestinal recanalization.
Leakage is a possible complication.

During esophagectomy, a loop of jejunum can
be surgically fixed to the anterior abdominal
wall and marked with metal clips; later these
clips can be used as guides for percutaneous
access for a feeding jejunostomy in those requir-
ing additional nutritional support.

Congenital Abnormalities
Rotation Anomalies
Midgut malrotation implies an arrest in the
usual rotation at any one position, with portions
of bowel being not in their usual place, that is,
they are malpositioned. Such malposition is
usually accompanied by lack of fixation and it is
usually this fixation anomaly that allows the
bowel to twist and form a volvulus.

Patients with congenital diaphragmatic
hernias have a high prevalence of midgut 
rotational abnormalities, and those with right-
sided hernias have a more obvious anomaly
than those with left-sided ones. Yet mid-gut
volvulus is uncommon among patients operated
upon for a congenital diaphragmatic hernia,
probably related to postoperative adhesions
limiting development of a volvulus in these
patients with rotational abnormalities.

Malrotation does occur in each of a pair of
identical twins. Midgut malrotation is common

in patients with asplenia and polysplenia, and a
barium study to detect malrotation is suggested
in these patients (situs inversus and heterotaxy
syndrome are discussed in Chapter 14).

Presenting symptoms in a setting of malrota-
tion reflect the degree of obstruction and are
age dependent. In neonates, bilious vomiting
predominates. In older children, pain, bilious
vomiting, and failure to thrive are common.
Teenagers and young adults tend to have
chronic nonspecific pain. Obstruction due to
malrotation is accentuated in pregnancy.

With incomplete rotation the cecum is
located more medial than usual. Fibrous bands
extending diagonally from a malpositioned
cecum to the right upper quadrant (Ladd bands)
tend to compress adjacent small bowel and
result in duodenal or jejunal obstruction of
varying severity.

In many of these individuals a diagnosis of
malrotation is made either by an upper gas-
trointestinal examination or a barium enema;
the former is more sensitive and is preferred
(Fig. 4.1). Subtle rotational anomalies are not
uncommon, and the diagnosis is not as straight-
forward as generally taught. Some children have
an unusual duodenal redundancy or a duode-
nojejunal junction located somewhat more
medial than usual. In fact, in some of these chil-
dren an upper gastrointestinal examination is
believed to be grossly “normal.” The status of
duodenal redundancy with a normal duodeno-
jejunal junction as a marker for subtle intestinal
malrotation is not known. The reverse is 
also true—false-positive diagnoses result from
failure to recognize normal variants in jejunum
position. Manual epigastric compression during
an upper gastrointestinal examination is useful
to detect some neonate intestinal malrotations.
For instance, manual compression of a near-
normal duodenojejunal junction can detect ab-
normal mobility, suggesting malrotation; in
some infants with malrotation and volvulus,
manual compression induces contrast to pass
beyond the point of obstruction and identifies a
twist.

A reversed relationship between the superior
mesenteric artery and vein, a sign of midgut
volvulus, is not always present with malrotation,
and this sign cannot be relied on to detect 
malrotation. A deep ileocolic intussusception
also distorts normal superior mesenteric vessel
anatomy.
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Occasionally a malrotation is suspected with
radionuclide gastric emptying studies per-
formed for other reasons.

Duplication
A small bowel duplication is lined with intes-
tinal mucosa and is usually intramural in loca-
tion. It may or may not communicate with the
true lumen. Ileal duplications are more common
than jejunal. Multiple duplications are rare.

Some patients with a duplication are asymp-
tomatic, whereas others present with a palpable
mass or even obstruction. In general, most
larger duplications manifest early in life. A com-
municating ileal duplication is an occasional
cause of massive hemorrhage.

Imaging typically shows a duplication as an
oval or elongated cystic structure adjacent to
bowel lumen. It generally has a thick wall, thus
distinguishing it from a mesenteric cyst,
which is thin-walled. Ultrasonography reveals
the cystic nature of a duplication; in addition,
US shows a characteristic inner hyperechoic
mucosa and an outer hypoechoic muscle layer.

Many duplications contain ectopic gastric
mucosa, and thus scintigraphy (Meckel’s scan)

detects some. An occasional one contains
ectopic pancreatic tissue.

Obstruction
Atresia

Small bowel atresia, believed to be secondary to
intrauterine ischemia, ranges from complete to
partial and involves the jejunum, the ileum, or
both. It is associated with midgut malrotation
and is more prevalent in a setting of cystic
fibrosis. Autosomal dominance is evident in
some families with bowel atresia. Not all atresias 
are detected in early life; a rare infant develops
an ileocolonic fistula to bypass an atretic
segment.

Some authors subdivide jejunoileal atresia
into four types:

Type I: a short, web-like narrowing
Type II: blind-ending proximal and distal

tracts with a fibrous connection
Type III: a short, atretic segment in the prox-

imal jejunum
Type IV: multiple atretic segments

Figure 4.1. A: Midgut malrotation in a newborn. B: Midgut malrotation in a 27–year-old with chronic abdominal pain. Although
uncommon, patients this age can develop midgut volvulus as an acute presentation.

A B
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In the rare apple-peel type of atresia the distal
duodenum or proximal jejunum ends blindly,
the distal superior mesenteric artery is absent,
and the distal small bowel is foreshortened and
spirals around its rudimentary blood supply,
appearing similar to an apple peel. This condi-
tion presumably is due to a distal superior
mesenteric artery occlusion or failure to
develop.

Meconium Ileus

Meconium ileus is in the differential diagnosis
with a suspected low intestinal obstruction.
Almost all neonates developing meconium ileus
have cystic fibrosis. Some have an underlying
atresia, stenosis, or volvulus. Untreated, meco-
nium ileus may progress to bowel necrosis and
perforation (meconium peritonitis is discussed
in Chapter 14).

Conventional radiographs reveal a low
obstruction. Other findings, such as a bubbly
appearance in the right lower quadrant, lack
sufficient sensitivity and specificity to be 
diagnostic.

A water-soluble contrast enema is not only
diagnostic but also often therapeutic. It identi-
fies a small-caliber colon (microcolon), but keep
in mind that both a meconium ileus and distal
small bowel atresia result in a small caliber
colon. With a distal ileal obstruction, however,
the entire colon has a small caliber; otherwise a
colonic abnormality should be sought Meco-
nium ileus results in intraluminal content at the
site of obstruction.

Ultrasonography in six neonates with a
meconium ileus revealed multiple loops of
bowel filled with hyperechoic material (13); this
is in distinction to neonates with ileal atresia
who have dilated loops of bowel filled with fluid
and gas but not hyperechoic content.

A distinction between a meconium ileus 
and ileal atresia is more than academic,
because the former is usually relieved by a con-
trast enema but the latter requires surgical 
intervention.

Cystic Fibrosis
Cystic fibrosis, with a recessive-autosomal
inheritance pattern, involves multiple organs,

with the lungs and pancreas most often affected.
A number of affected patients eventually
develop chronic liver disease. The sweat test
should initially be performed when cystic diag-
nosis is suspected.

In patients eventually shown to have cystic
fibrosis, newborn meconium ileus occurs as an
initial presentation only in a minority. On the
other hand, those with a meconium ileus almost
all have cystic fibrosis.

The bowel wall becomes thickened in these
children; histology reveals extensive intramural
fibrosis and fatty infiltration, but unlike Crohn’s
disease, acute inflammation is not a prominent
feature.

Distal ileal obstruction due to inspissated
intestinal content developing after the neonatal
period is called meconium ileus equivalent.
The prevalence of such obstruction increases
with age. Especially during the first such
obstructive episode, acute appendicitis is often
in the differential diagnosis. A contrast enema 
is generally diagnostic. Often contrast does 
not reflux into the terminal ileum. Computed
tomography is occasionally used to monitor
these patients. The diagnosis can be suspected
with US.

Other causes of bowel obstruction in these
patients include intussusception and colonic
strictures. One child with cystic fibrosis 
developed partial ascending colon obstruction
secondary to diverticulitis (14), a very rare 
complication indeed.

A number of cystic fibrosis patients now
reach adulthood and they are developing new
complications, such as cancer, which is not
common in the pediatric age group.

A barium enema reveals an irregular and
spiculated colon outline, nodules, and loss of
haustra. Irreversible and progressive colonic
strictures tend to develop, at times to the point
of almost complete obstruction.

Thickened small bowel folds and nodu-
larity are familiar to most radiologists.
Conventional abdominal radiographs reveal
calcifications only in a minority ranging 
from small specks of calcium to extensive 
curvilinear calcifications; most calcifications 
are intramural in location, with a minority
being intraluminal or serosal. An occas-
ional newborn with cystic fibrosis has 
multiple atresias and calcified intraluminal
meconium.
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Celiac Disease (Sprue)
Clinical

Celiac disease, or gluten-sensitive enteropathy,
is a familial genetically determined disease
associated with human leukocyte antigen
(HLA)-B8-DR3 and manifesting by a digestive
tract cytotoxic T-lymphocyte reaction. Affected
individuals have a lifelong intolerance to 
dietary gluten. Certain foods, such as wheat,
barley, rye, and others, exacerbate the symptoms
of this protein-losing enteropathy. A strict
gluten-free diet protects against known 
complications.

Considerable variability exists in presenta-
tion. A latent form of celiac disease appears to
exist; affected individuals have subtle small
intestine abnormalities consisting of increased
intraepithelial lymphocyte levels, abnormal
mucosal permeability, and elevated levels of
secretory immunoglobulin A (IgA) and IgM
antibody to gliadin. Occasionally celiac disease
is first diagnosed even in elderly patients, pre-
sumably as an expression of silent disease that
has been present since childhood. At times
unrelated abdominal surgery unmasks latent
celiac disease. It does present in the puer-
perium. It is a complex disease; variants such as
celiac disease with immunologic activation of
normal small bowel mucosa have been sug-
gested. Some patients have liver disease,
detected as a hypertransaminasemia and often
labeled a nonspecific reactive hepatitis, which
reverts to normal on a gluten-free diet. In an
occasional patient an immunologic basis is 
suggested by finding associated primary biliary
cirrhosis, primary sclerosing cholangitis, or
autoimmune hepatitis.

Worldwide prevalence of celiac disease 
varies considerably. An interesting postulate is
that the introduction of a high gluten content
diet at an early age increases the risk and 
affects the symptomatology of celiac disease 
in a specific population. A study involv-
ing roughly half of the French pediatric popu-
lation found an annual incidence of one per
2419 (15); the diagnosis was made before 
age 2 years in 77% of affected individuals,
with the symptoms being failure to thrive, diar-
rhea, anorexia, abdominal distention, weight
under two standard deviations, and short
stature.

Orocecal transit time is delayed, and small
bowel villous atrophy develops in untreated
patients.

Highly sensitive and specific noninvasive
blood tests for celiac disease are available, and
imaging is relegated to a study of complications.
A small bowel biopsy appears superfluous to
confirming the diagnosis in symptomatic adults
with antibodies to IgA antiendomysial.

Imaging

Patients with celiac disease have fasting or 
postprandial bowel motor abnormalities, which
in most affected individuals are similar to those
found in neuropathic disorders (Fig. 4.2).
Dilated distal small bowel containing excessive
fluid is a late but characteristic finding, at times
mimicking partial distal small bowel obstruc-
tion. These abnormalities decrease on a gluten-
free diet.

Enteroclysis achieves an almost 100%
specificity but only about 80% sensitivity in
detecting celiac disease in adults (16).

Ultrasonography of infants with known celiac
disease detects abdominal fluid and hyperperi-
stalsis in most. The US findings in adults 
include fluid-filled, dilated small bowel.
Disordered motility is common. Bowel wall
thickening is mild; marked thickening suggests
hypoproteinemia, and asymmetric thickening
raises suspicion for a neoplasm. Abdominal
fluid is found in a minority. None of these
findings are pathognomonic, but detection of
several findings should raise suspicion for this
disease.

Mild-to-moderate mesenteric adenopathy is
common. If an untreated patient is placed on a
gluten-free diet, serial CT should show a reduc-
tion in node size. Mesenteric lymph node necro-
sis develops in a rare patient.

Superior mesenteric artery Doppler US in
untreated patients reveals significantly higher
fasting peak systolic velocity, end diastolic
velocity, mean velocity, and flow volume than in
controls, and a resistive index that is
significantly lower (17). Of interest is that the
superior mesenteric artery and portal vein tend
to dilate. The effect of therapy on the superior
mesenteric artery resistive index is illustrated in
Table 4.1.
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Protein-losing enteropathy can be studied
with several scintigraphic agents, including Tc-
99 m human serum albumin (HSA), Tc-99 m
human immunoglobulin, indium 111 transfer-
rin, and Tc-99 m-dextran.

Comparing pretreatment and follow-up ente-
roclysis in adults with celiac disease, clinical
response to a gluten-free diet correlated better
with enteroclysis findings than with repeat
biopsy (19).

Figure 4.2. Celiac disease. A: Transverse sonogram in a 35–year-old woman reveals dilated, fluid-filled small bowel loops contain-
ing prominent folds (arrows). (b) An intussusception is evident in another US image. C,D: Transverse CT after oral and IV contrast also
identified dilated fluid-filled small bowel loops (SB). D: An intussusception is evident in the left lower quadrant (i) (Courtesy of Martin
E. O’Malley, M.D. Source: Wilson SR. Evaluation of the small intestine by ultrasonography. In: Gourtsoyiannis NC, ed. Radiological
Imaging of the Small Intestine. Heidelberg, Germany: Springer-Verlag, 2002 with permission.)

A B

C D

Table 4.1. Superior mesenteric artery resistive indices (RI) in celiac disease

Number of patients Overnight fasting After meal RI change

Controls 10 0.81 ± 0.02 0.67 ± 0.03 0.14 ± 0.2

Celiac disease
Untreated 10 0.78 ± 0.05 0.74 ± 0.01 0.04 ± 0.01
Treated 10 0.79 ± 0.03 0.70 ± 0.02 0.09 ± 0.02

Crohn’s disease
Inactive 10 0.82 ± 0.03 0.69 ± 0.04 0.13 ± 0.3
Active 10 0.78 ± 0.03 0.70 ± 0.02 0.08 ± 0.03

Source: Adapted from Giovagnorio (18).
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Associated Conditions/Complications

Lymphocytic gastritis develops in a minority of
patients with celiac disease. Of interest is 
that gastric mucosa-associated lymphoid tissue
(MALT) regresses in Helicobacter pylori–
negative celiac patients when treated with a
gluten-free diet.

Patients with long-standing celiac disease are
at increased risk for malignancies, with small
bowel high-grade T-cell lymphoma being most
common and tending to involve the proximal
small bowel. This is in distinction to lymphoma
in normal small bowel, which is usually B cell in
origin. Celiac disease and lymphoma have been
diagnosed during the same presentation. A
common appearance is that of small, discrete
nodules varying in size or localized fold thick-
ening. Nodules are not found in uncomplicated
celiac disease, and such a finding should suggest
superimposed lymphoma. A CT finding of
marked adenopathy also suggests lymphoma.At
times a barium study outlines a shaggy, ulcer-
ated bowel segment, mimicking inflammatory
bowel disease. Complicating the issue is that
these lymphomas are often associated with con-
siderable inflammation, and a biopsy may sug-
gest inflammatory bowel disease. Enteropathy-
associated lymphoma has a poor prognosis,
with malignant ulcers not uncommonly result-
ing in bowel perforation.

Small bowel adenocarcinomas also occur in
these patients. In fact, an occasional patient
presents with small bowel adenocarcinoma, and
celiac disease is diagnosed only after cancer
resection. The prevalence of pharyngeal and
esophageal carcinomas is also increased in these
patients.

An occasional patient develops intestinal
ulcerations, loss of valvulae conniventes, and a
thickened, tube-like bowel wall; the overall
imaging appearance mimics chronic ischemia.

Type 1 diabetes mellitus is found in an occa-
sional patient with celiac disease diagnosed 
in adulthood. An anecdotal association exists
with primary sclerosing cholangitis, lupus, and
antiphospholipid syndrome. Some evidence
suggests an increased prevalence of celiac
disease in patients with primary biliary cir-
rhosis. An autoimmune linkage is suggested
with idiopathic thrombocytopenic purpura and
hepatic granulomatous disease.

Splenic atrophy is common in these individ-
uals. Whether splenic infarction and splenic

venous thrombosis in one patient was fortuitous
is conjecture (20).

Bone scintigraphy is positive for sacroiliitis in
some adults with celiac disease.

Some patients with unresponsive celiac
disease are treated with immunosuppressive
therapy. A lack of response to therapy should
raise the possibility of lymphoma, a setting con-
traindicating immunosuppressive therapy.

Agammaglobulinemia
An arrest in B-lymphocyte development leads
to agammaglobulinemia. The primary defect
involves mutations consisting of missense, non-
sense, and splice mutations as well as deletion
and insertion mutations in the gene encoding
Btk (Bruton tyrosine kinase) (21).

Because maternal IgG passes through the 
placenta, affected newborns initially have
normal serum IgG levels, but then these levels
decrease and hypogammaglobulinemia ensues.
Affected patients are prone to mostly bacterial
infections. They have normal resistance to 
viral infections, except for enteroviral infec-
tions, leading to vaccine-related paralytic
poliomyelitis and a dermatomyositis-
meningoencephalitis syndrome (21). Intestinal
giardiasis is common in these patients.

A barium small bowel study often is diagnos-
tic in affected patients; marked lymphonodular
hyperplasia is evident throughout the small
bowel, especially the jejunum, a site where even
in pediatric patients lymphonodular hyperpla-
sia is uncommon (Fig. 4.3).

Figure 4.3. Agammaglobulinemia. Small nodules are scattered
in the jejunum (arrows).
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Omphalomesenteric Anomalies
Failure of the omphalomesenteric duct to
regress results in a residual umbilical sinus,
omphalomesenteric cyst, enterocutaneous
fistula, or a Meckel’s diverticulum.

Cysts and Fistulas

An omphalocele is the presence of midgut
structures in the umbilical cord remnant (Fig.
4.4). A variety of intestinal content may be
present within the defect. The midgut is mal-
rotated. Some patients have other anomalies.

An omphalomesenteric cyst is formed when
both omphalomesenteric duct ends involute,
leaving a persistent central cavity. Most are inci-
dental findings, with an occasional one becom-
ing infected or compressing and obstructing 
an adjacent structure. A persistent fibrous
omphalomesenteric remnant between the um-
bilicus and midgut is a potential source for
small bowel volvulus around the fibrous band.

Meckel’s Diverticulum

Clinical

A Meckel’s diverticulum is the most common
congenital gastrointestinal tract abnormality
(Fig. 4.5). It results from persistence of the
embryonic yolk sac. Most Meckel’s diverticula
are asymptomatic but they can be involved in
two clinical scenarios: More common is the
patient presenting with bleeding suspected

from gastric mucosa in a Meckel’s diverticulum,
with bleeding usually being gradual rather than
massive. Less often encountered is the patient
with sequelae to inflammation or intussuscep-
tion. Obstruction is more common in patients
under the age of 10 years, and perforation is
more common in young adults. A rare Meckel’s
diverticulum first manifests in the elderly.

Figure 4.4. A: Diagram of a Meckel’s diverticulum arising from the antimesenteric small bowel border (arrows) and connected to
the abdominal wall by a fibrous tract. B: Instead of a fibrous tract, an omphalomesenteric duct connects bowel to skin.

A B

Figure 4.5. Meckel’s diverticulum (arrow), detected on a retro-
grade small bowel examination.
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Meckel’s diverticula vary in size and shape,
with an occasional one being very large. A rare
one even has a second outpouching, or daugh-
ter diverticulum, connected to the main diver-
ticulum. Ultrasonography reveals an uncom-
plicated, fluid-filled Meckel’s diverticulum as a
cyst-like structure. Some of these diverticula
mimic an appendiceal mucocele, mesenteric
cyst, enteric duplication, or even a cystic ovarian
tumor if a separate ovary cannot be identified
by imaging.

Complications

Ectopic gastric mucosa is found in 20% to 50%
of patients with Meckel’s diverticula and “gas-
tritis” is common in those with gastric mucosa;
only an occasional one contains H. pylori.
Similar to the stomach, gastric secretions by this
ectopic mucosa are stimulated by hormonal
factors. As expected, hemorrhage and perfora-
tion develop in a setting of ectopic gastric
mucosal tissue.

Incidentally, ectopic gastric mucosa is also
found at other sites. As already mentioned,
ectopic gastric mucosa is not uncommon in 
gastrointestinal duplications. In some patients,
islands of heterotopic gastric mucosa in the
jejunum and ileum account for recurrent small
bowel bleeding and accumulation of Tc-99 m-
pertechnetate at these sites. The Tc-99 m-
pertechnetate concentrates in gastric mucosal
mucin secreting cells, and scintigraphy reveals
persistent focal activity only if such gastric
mucosa is present within the diverticulum.
Cimetidine or ranitidine premedication inhibits
gastric secretion and helps diminish back-
ground activity. Still, both false-positive and
false-negative results occur. At times abnormal
Tc-99 m-pertechnetate uptake is shown with
single photon emission computed tomography
(SPECT) but not with planar imaging (22).
It should be emphasized that a Meckel’s 
scan detects only the presence of gastric
mucosa, rather than hemorrhage or other 
complications.

Gastric mucosa enhances more than any
other bowel mucosa on postcontrast MRI, and
any gastric mucosa in a Meckel’s diverticulum
reveals marked enhancement.

Calculi are not common in a Meckel’s diver-
ticulum. An enterolith consists mostly of
calcified food residue (phytobezoar). Some

stones are multiple, calcified in their periphery,
or even faceted. Rarely, a milk of calcium sus-
pension forms in a Meckel’s diverticulum (23).
Most stones contain enough calcium to be
visible with conventional radiography. Com-
puted tomography and US also detect most of
these stones.

A stone (or bezoar) passing into the ileal
lumen can cause bowel obstruction and mimic
gallstone ileus. A rare enterolith within a
Meckel’s diverticulum obstructs the diverticular
communication with bowel lumen and leads to
diverticulitis. Imaging should identify such a
calcified enterolith; superficially an appendicol-
ith is in the differential.

Perforation of a Meckel’s diverticulum is
commonly ascribed to ulcerated heterotopic
gastric mucosa. An 8-day-old boy perforated a
Meckel’s diverticulum (24), a highly unusual age
for this to occur; no ectopic gastric tissue was
found in the resected specimen, and a narrow
diverticular neck was believed to have led to
poor emptying, subsequent inflammation, and
perforation.

Inflammation does result in Meckel’s diverti-
culitis. A CT scan showing a fluid-filled cavity
surrounded by a thickened, contrast-enhancing
wall suggests diverticulitis.

There is no reason why a Meckel’s diverticu-
lum should not be involved by Crohn’s disease.
Differentiating terminal ileal Crohn’s disease
(and possibly involving a Meckel’s diverticu-
lum) from an inflamed and ulcerated Meckel’s
diverticulum is another matter; resultant dis-
tortion is similar with both.

A Meckel’s diverticulum is a potential point
for small bowel fixation. Torsion initially
involves only the diverticulum, but a sufficient
twist leads to ileal volvulus. Adhesions second-
ary to an inflamed diverticulum form a site for
an internal hernia.

An inverted Meckel’s diverticulum is a poten-
tial lead point for a small bowel intussusception,
and in the distal ileum most intussusceptions
are due to either a polyp or a Meckel’s divertic-
ulum. An inverted Meckel’s diverticulum
appears as an intraluminal polyp. A barium
study reveals an inverted diverticulum as a soli-
tary, elongated, smoothly marginated, often
club-shaped intraluminal tumor. This inverted
diverticulum often contains fat along its serosal
surface, detected by CT as an intraluminal elon-
gated mass containing central fat surrounded by
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soft tissue. Ultrasonography shows a target-
like structure with a hyperechoic center and
identifies a blind-ending, thick-walled bowel
loop. An intussuscepting inverted Meckel’s
diverticulum is difficult to reduce with a barium
or air enema.

Conventional radiography detects a perfora-
tion or suggests an obstruction; CT and US
identify the site of obstruction and any
abscesses and often suggest the underlying 
etiology.

Tumors similar to those found throughout
the gastrointestinal tract also develop in
Meckel’s diverticula. A number of these are
detected incidentally when a diverticulum is
resected for unrelated reasons. These tumors
range from adenomas and carcinomas to sarco-
mas, and originate from either ileal or gastric
epithelium. A leiomyosarcoma originating in a
Meckel’s diverticulum contained a 4-L cystic
component, presumably secondary to necrosis
(25). A rare neuroendocrine tumor has devel-
oped in a Meckel’s diverticulum.

Therapy

If an incidental Meckel’s diverticulum is discov-
ered, some surgeons recommend that a diver-
ticulectomy be performed; others argue that the
risk of complications, although low, does not
justify a prophylactic resection. A morbidity of
2% and zero mortality was found in a retro-
spective study of 90 patients who had an inci-
dental diverticulectomy (26); using decision
analysis the authors concluded that an inciden-
tal diverticulectomy in adults should be 
abandoned.

Bleeding and obstruction are the primary
presentations in patients requiring surgery 
for symptomatic Meckel’s diverticula. Less fre-
quent indications for surgery are an acute
abdomen due to perforation, diverticulitis, or
intussusception.

Trauma
Most radiologists administer both oral and IV
contrast prior to a CT trauma study. Oral con-
trast is generally started early on, often in the
emergency department. Its use has been ques-
tioned by emergency physicians, who point out

the additional time incurred, the extra need to
insert a nasogastric tube in some patients, and
the alleged lack of efficacy, yet most radiologists
involved in trauma care find oral contrast 
very beneficial and administer it almost 
routinely.

Bowel distention is common with significant
bowel trauma, yet this finding is nonspecific; it
occurs with bowel obstruction and peritoneal
irritation due to a number of etiologies.

A review of almost 20,000 blunt trauma
patients found that hollow-viscus injury
occurred with a similar frequency in both 
children and adults (27); duodenal injuries,
however, were more common in pediatric
patients.

Shock Bowel
Shock bowel represents a diffuse bowel abnor-
mality developing in hypotensive patients, often
in a setting of blunt abdominal trauma. The CT
findings of shock bowel consist of diffuse small
bowel wall thickening, with increased and pro-
longed contrast enhancement. Often fluid-filled,
dilated small bowel is also identified. The colon
generally is less affected than small bowel. These
bowel CT findings are secondary to hypoperfu-
sion and, at least initially, are reversible.

Bleeding/Hematoma
Intramural hemorrhage manifests as a region of
bowel wall thickening. It ranges from focal to
diffuse. Hematomas also develop adjacent to
injured bowel, either intra- or retroperitoneal in
location. Because of its intraperitoneal location,
small bowel trauma often also results in hemo-
peritoneum rather than a discrete hematoma.
Combined bowel wall and mesenteric injury 
is often present and fluid (blood) between 
loops of small bowel is a result of trauma to
either one.

Intramural hemorrhage is identified as a
homogeneous, focal hyperdense bowel wall
thickening that does not enhance postcontrast.
Unenhanced CT is often helpful in this setting.
Generally a bowel wall thicker than 3 or 4 mm
(as detected with CT) is assumed to be abnor-
mal, although little evidence in the literature
provides quantitative guidance. Some authors
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believe that circumferential wall involvement is
necessary for bowel to be considered abnormal
(28).

A hyperechoic submucosal layer thicker than
2.5 mm, detected by US, implies either submu-
cosal edema or hemorrhage (29).

Most bowel wall hematomas resolve without
sequelae; some produce transient small bowel
obstruction, but in a few bleeding leads to a
stricture requiring surgery.

Perforation
Isolated small bowel perforation due to acute
blunt abdominal trauma is uncommon; a
number of these are due to seat belt trauma.
More serious injury to adjacent solid organs is
often more evident. Small bowel perforation
tends to be more common on the antimesen-
teric border.

A pneumoperitoneum and extraperitoneal
gas are specific but insensitive findings of a
small bowel perforation. The small bowel nor-
mally contains little gas, and a number of these
perforations manifest later as an intraabdomi-
nal abscess rather than as an immediate 
pneumoperitoneum.

Direct CT evidence of bowel rupture is
uncommon. An indirect postcontrast CT sign 
of small bowel rupture consists of a streaky
density within the related mesentery due to
blood and other infiltration along the mesen-
teric vasculature.

Small bowel perforation after blast injury is
not common. Anecdotal evidence in three men
injured by the explosion of a terrorist bomb
suggests that an eventually proven perforation
does occur after a finite time delay rather 
than being a manifestation of delayed diagnosis
(30); the authors suggest that patients exposed
to a blast injury be observed for at least 48
hours.

Stricture
In an occasional patient ischemia of a crushed
bowel segment leads to an infarct. A less severe
insult evolves into an eventual fibrosis and stric-
ture with the patient presenting with small
bowel obstruction weeks or even months after
trauma.

Wall Thickening
Infection/Inflammation
Clinical presentation in a setting of small bowel
infection or inflammation varies considerably.
Likewise, imaging findings range from minor
thickening of valvulae conniventes to marked
intramural infiltration. Submucosal edema and
hemorrhage, if severe enough, may lead to small
bowel obstruction.

Crohn’s Disease

Clinical

Epidemiologic data for Crohn’s disease patients
suggest the presence of a recessive gene having
high penetrance, in distinction to ulcerative
colitis where a dominant or additive gene
having low penetrance is more likely. Numerous
investigators have searched for an infective eti-
ology. Although a superimposed infection is not
uncommon, identification of an infective etiol-
ogy for Crohn’s disease has not been fruitful 
and currently no convincing infective etiologic
agent is established.

Crohn’s disease in two or more members of a
family is found in about 10% of patients; simi-
larly, the prevalence among first-degree relatives
is about 10 times that of the general population.
Conflicting data exist on whether patients with
a familial pattern have an earlier age at onset
and more extensive disease than those with spo-
radic disease.

Prevalence of Crohn’s disease has increased
during the last several decades in several popu-
lations. Considerable variation in relative preva-
lence of Crohn’s disease still exists. Crohn’s
disease is rare in Central and South America.
Although rare among the Chinese, prevalence is
increasing, at least in Singapore; in 1993, at Sin-
gapore General Hospital the prevalence was 27
per 100,000 patients compared with 3.5 per
100,000 patients in 1986 (31). In the United
States, distal ileal involvement is most common.
In parts of Europe colorectal involvement pre-
dominates at the time of diagnosis. In general,
colonic involvement is more prevalent in
patients with disease manifesting at a later age.
The disease is not limited to the bowel, and even
extraintestinal sites can be involved.
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Crohn’s disease has two age peaks of onset. At
the more common younger age, Crohn’s disease
tends to develop after puberty, with only an
occasional younger child being affected. Almost
all present with abdominal pain, with most chil-
dren also having weight loss and diarrhea. The
second age peak is in the elderly. Here one has
to exclude bowel ischemia, which in some
patients has a similar clinical presentation and
imaging appearance. Nevertheless, enough evi-
dence has accrued to establish that a second
peak of onset does indeed occur in the elderly.
In general, those having an initial diagnosis
made before the age of 20 years have a greater
prevalence of family history of Crohn’s disease,
more small bowel involvement, and they require
more frequent surgery than those diagnosed
after age 40 years; the older group had more
colonic involvement.

Standardized clinical estimates of severity
and activity of Crohn’s disease have been devel-
oped and these allow comparison of published
studies.

Chronic abdominal pain is common, often
being insidious in onset and progression. Some
children present with growth retardation or
simply delayed puberty. In a small minority of
patients hepatobiliary or joint abnormalities
manifest first. Especially in children, a blood
count and erythrocyte sedimentation rate are
almost always abnormal, and these tests appear
reasonable with suspected Crohn’s disease.

The literature tends to emphasize gradual
disease progression, but in reality two patterns
predominate: In a minority, Crohn’s disease 
is unrelenting, progresses rapidly, perforates
readily, and relapses after surgery; in a majority
a chronic, indolent course marked by periods of
exacerbation and quiescence is more common.
Clinical evidence suggests that Crohn’s disease
patients tend to fall into specific categories such
as those primarily with inflammation and
fibrosis-stenosis and those forming fistulas.
Within families, patients tend to have concor-
dance of sites and types of involvement.

Pregnancy appears to have a mild favorable
influence; prevalence of disease relapse after
pregnancy is somewhat less than before 
pregnancy.

Five patients with Crohn’s disease and
leukemia received allogeneic bone marrow
transplantation (32); four showed no signs or

symptoms of Crohn’s disease after transplanta-
tion; Crohn’s disease relapsed after transplanta-
tion in one patient with mixed donor–host
hematopoietic chimerism.

Four patients with long-standing Crohn’s
disease had a spontaneous clinical improvement
after becoming HIV infected, suggesting that
immune response integrity has a role in Crohn’s
disease (33). These findings are countered,
however, by an HIV-infected patient who devel-
oped a new onset of Crohn’s disease (34).

Anti–goblet cell autoantibodies are detected
in some patients with Crohn’s disease and in
their first-degree relatives, suggesting that this
marker is of possible use in detecting patients
susceptible to inflammatory bowel disease.

Intussusception is rare with Crohn’s disease;
presumably the commonly associated fibrosis
prevents it. Nevertheless, occasional enteroen-
teric intussusception has been reported.

Associated Conditions

A family with both familial polyposis and
Crohn’s disease, probably a fortuitous associa-
tion, has been described (35). Several patients
have developed synchronous Crohn’s dis-
ease and myelodysplastic syndrome, and this
association appears to be more than chance.
Myelodysplastic syndrome probably should be
considered in older patients with Crohn’s
disease and peripheral blood cytopenia, and
Crohn’s disease should be considered in
myelodysplastic syndrome patients developing
gastrointestinal symptoms. Isolated associa-
tions have been reported with multiple sclero-
sis, glycogen storage disease, sarcoidosis,
rheumatoid purpura, ankylosing spondylitis,
Charcot-Marie-Tooth disease, deuteranopia,
pachydermoperiostosis, multiple exostosis, and
familial ichthyosis.

Remission was induced by chemotherapy in a
patient with non-Hodgkin’s lymphoma (36);
abdominal pain, diarrhea, and bloody stools 1
year later were found to be secondary to Crohn’s
disease.

An occasional pancreatitis is difficult to place
in proper perspective; in some patients it
appears related to sclerosing cholangitis, in
others to azathioprine therapy, and in still
others it appears to be fortuitous. Nevertheless,
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pancreatic autoantibodies are detected in some
Crohn’s patients, and some have impaired 
pancreatic function.

Differential Diagnosis

On an acute basis, some infections are indistin-
guishable both clinically and radiographically
from Crohn’s disease (these are discussed
below; see Acute Enteritis). On a more chronic
basis, other infections, radiation enteritis,
ischemia, Behçet’s syndrome, and some neo-
plasms have a similar appearance. Major venous
thrombosis in a young patient or an ischemic
stenosis suggests Crohn’s disease.

Close clinical and imaging similarity between
Crohn’s disease and Behçet’s syndrome war-
rants mention (Behçet’s syndrome is further
discussed in Chapter 17). Behçet’s syndrome is
often not considered in the differential diagno-
sis in regions of low prevalence, and undoubt-
edly some patients have been misclassified.
Bowel involvement in Behçet’s syndrome mani-
fests as bowel wall thickening enhancing post-
contrast, inflammatory polyps, aphthae, or deep
ulcers. Deep distal ileal or right colonic ulcers or
a frank perforation should suggest Behçet’s 
syndrome.

A primary ileocecal region lymphoma can
mimic Crohn’s disease. A problem exists for the
radiologist who detects typical imaging findings
of ileal Crohn’s disease in a patient without 
an established diagnosis. Should lymphoma 
be mentioned in the differential diagnosis?
Although rare in this imaging setting, some
radiologists encounter lymphoma mimicking
Crohn’s disease in their practice.

Another entity bedeviling radiologists who
detect ileal wall thickening on CT and suggest
Crohn’s disease is that a minority of right 
colon cancers result in similar findings (37); in
some patients this thickening is due to direct
tumor extension, but in others lymphatic
obstruction, congestion, and edema are 
responsible.

The poorly understood chronic granulo-
matosis syndrome probably is distinct from
Crohn’s disease. Whether orofacial granulo-
matosis is a manifestation of underlying gas-
trointestinal Crohn’s disease is speculative.

The clinical findings and imaging appearance
of diffuse intestinal ganglioneuromatosis, espe-

cially if involving the distal small bowel, mimic
Crohn’s disease (38).

Pathologic Findings

Measured intraoperatively, the small bowel in
Crohn’s patients is significantly shorter than in
controls.

Increased intestinal permeability and pres-
ence of antineutrophil leukocyte antibodies are
two of several theories proposed to explain the
findings in Crohn’s disease; no definitive proof
exists for either one.

One of the hallmarks of Crohn’s disease is the
presence of noncaseating granulomas. Why
these granulomas develop is not clear. Almost
half of these granulomas are adjacent to lym-
phatic vessel. Mucus-secreting cells are found at
sites of ulceration and presumably are sequelae
of ileal crypt stem cell differentiation.

Ileal ulcers in Crohn’s disease tend to have a
longitudinal orientation and predominate along
the mesenteric side. The short vessels supplying
this region are end arteries, and small vessel
ischemia is a possible cause of these ulcers.

Imaging

Barium Studies

Whether a conventional small bowel barium
study or enteroclysis is performed in an initial
search for Crohn’s disease is controversial. Some
enthusiasts consider enteroclysis the primary
imaging method in diagnosing small bowel
Crohn’s disease, and mild changes, including
subtle aphthae and fistulas, are best seen with
enteroclysis. With well-established disease a
conventional study is generally sufficient and as
an initial study is preferred by many investiga-
tors due to its simplicity, better patient accept-
ance, and relatively high yield. A conventional
small bowel barium study is often used to 
follow exacerbation in patients with established
disease. A well-performed study detects stric-
tures, obstruction, fistulas, and a phlegmon. It
does not differentiate a phlegmon from an
abscess. Also, morphologic findings on a small
bowel study correlate poorly with clinical activ-
ity; scintigraphy achieves better correlation.

A conventional small bowel study reported
better mucosal detail, more fistulas, and more
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duodenal involvement than enteroclysis per-
formed within 2 weeks (39). Although the
authors concluded that if a small bowel study is
normal, no need for enteroclysis exists, a
number of gastrointestinal radiologists would
disagree and recommend enteroclysis, espe-
cially when seeking subtle findings.

A peroral pneumocolon or retrograde study
evaluates the cecum and distal ileum using a
double-contrast technique (Fig. 4.6). It is an
underutilized study in select patients with
subtle Crohn’s disease suspected at these sites.

The most common site of small bowel
involvement is the terminal ileum, yet any site
can be involved. The imaging appearance varies
considerably with more proximal involvement
(Fig. 4.7).

At times normal small bowel proximal to a
diseased segment is somewhat dilated, even
without evidence of distal obstruction, a finding
ascribed to peritoneal irritation and resultant
mild adynamic ileus. One interesting observa-
tion made by monitoring intraluminal pressure
with a double-lumen tube during enteroclysis is
that Crohn’s patients have an elevated intra-
luminal pressure compared to patients with
noninflammatory disease and irritable bowel
syndrome (40).

Computed Tomography

Computed tomography detects bowel wall
thickening, increased enhancement of diseased

bowel, mesenteric infiltration, fistulas, phleg-
mon, and abscesses in Crohn’s patients.
Although some studies have concluded that CT
can be an alternative to small bowel barium
studies in detecting inflammatory bowel disease
(41), but similar to US, it is not sensitive in
detecting subtle involvement. Also, one should
avoid the trap of simply calling bowel wall
thickening in a clinical setting of suspected
Crohn’s disease “compatible with Crohn’s
disease”; it is not pathognomonic, and a long
differential exists. In spite of some enthusiast’s

Figure 4.6. Ileal Crohn’s disease (arrows) identified on retro-
grade small bowel study. Similar diffuse bowel wall thickening
is also seen with lymphoma.

Figure 4.7. A: Jejunal Crohn’s disease.Enteroclysis reveals multiple jejunal nodules (arrows).(Courtesy of Steven Martin,M.D.,Corning
Hospital, Corning, New York.) B: Severe jejunal Crohn’s disease mimicking carcinomatosis.

A B
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advocacy for CT in suspected early Crohn’s
disease, the primary role of CT is in more
advanced disease, especially in a search for com-
plications. Thus in a setting of exacerbation, CT
is the primary imaging test when suspecting an
abscess.

Computed tomography achieves a sensitivity
of about 70% in identifying abnormal bowel
loops, 80% in detecting fistulas, and almost
100% for abscesses; specificities for these
findings approach 100%. Computed tomogra-
phy identifies bowel wall thickening and a
homogeneous bowel wall density. A target sign
(hypodense submucosal layer), although more
common in ulcerative colitis, is also found in
Crohn’s disease.

Computed tomography demonstrates sub-
mucosal and mesenteric fat deposition. A
diffuse fibrofatty mesenteric infiltrate develops,
with adjacent small bowel loops separated 
by this infiltrate. The normal sharp inter-
face seen with CT between the bowel wall 
and its mesentery is lost, resulting in an 
irregular bowel contour and periintestinal 
blurring. Enlarged mesenteric lymph nodes 
are common. In general, the involved lymph
nodes are smaller than 10 mm in diameter;
larger ones should suggest a malignancy or
other complication.

Postcontrast, vasa recta dilation and diseased
bowel wall contrast enhancement are evident.
The involved mesentery is hypervascular, a
finding identified with CT and Doppler US. In
some patients with active disease the mesenteric
vessels feeding diseased bowel segments are
dilated, tortuous, with prominence and wide
spacing of vasa recta, a CT finding called the
comb sign (42).

Computed tomography enteroclysis is more
accurate than conventional CT not only in
detecting Crohn’s disease but also in outlining
sinus tracts and fistulas. Multiplanar refor-
matted images aid in image interpretation. A
negative contrast agent apears to improve detec-
tion of abnormal bowel (43). Whether CT ente-
roclysis is superior to conventional enteroclysis
is not known.

Ultrasonography

Abdominal US achieves sensitivities and
specificities of 90% to 95% in detecting Crohn’s
disease location.

With established disease, small bowel wall
thickness is generally >5 mm. Some authors
consider an US bowel wall thickness >7 mm to
be “diagnostic” for inflammatory bowel diseases
(44), a generous thickness indeed, which
achieves high specificity, but, similar to CT, a
thick bowel wall is not synonymous with
Crohn’s disease. A stenosis, regardless of etiol-
ogy, is usually associated with a thickened bowel
wall. Effacement of the five bowel wall layers in
a thickened bowel wall, as visualized by US,
signifies more severe disease activity than if all
five wall layers are identified (45). Little data
exists on the accuracy of US in detecting mild
small bowel abnormalities, such as the presence
mostly of aphthae. Likewise, a correlation of
bowel wall thickness with disease activity
appears rather simplistic.

Doppler US detects significantly greater supe-
rior mesenteric artery blood flow in patients
with Crohn’s disease than in controls (46).Vessel
density in affected bowel loops, measured by
Doppler US, reflects disease activity (47). Supe-
rior mesenteric artery resistive indices (RI) also
reflect disease activity (Table 4.1).Whether such
Doppler US blood flow measurements are of
clinical relevance in detecting or following
disease activity remains to be established. These
findings of increased blood flow in diseased
bowel should be balanced by laser Doppler
flowmetry data from surgery revealing that
blood flow in a bowel containing aphthae is
slightly less than in normal tissue and with
inflammation progression bowel blood flow
actually decreases (48).

Ultrasonography probably detects most
Crohn’s-associated abscesses, but the yield for
stenoses and fistulas is inconstant and
sufficiently low to limit the application of US to
specific situations.

Magnetic Resonance Imaging

Magnetic resonance imaging is grossly under-
used in patients with Crohn’s disease. A retro-
spective comparison concluded that MRI is
superior to US in locating affected segments
(sensitivity: MRI 98%; US 76%) and in detect-
ing fistulae (sensitivity: MRI 87%; US 31%),
stenoses (sensitivity: MRI 100%; US 58%) and
abscesses (sensitivity: MRI 100%; US 89%) (49).
Its role in pregnant patients is obvious. The use
of oral and rectal contrast and bowel distention
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aid in visualizing bowel wall thickening. One
technique consists of oral contrast using 1000
mL of a 2.5% mannitol solution and imaging in
axial and coronal planes using breath-hold T2-
weighted half-Fourier acquisition single-shot
turbo spin echo (HASTE) and contrast-
enhanced T1-weighted fast low-angle shot
(FLASH) sequences (50); diseased bowel wall
enhances considerably more than normal
bowel. Contrary to some earlier studies, poor
correlation exists between bowel wall enhance-
ment and the Crohn’s Disease Activity Index
(50). Inflammation, mesenteric involvement,
sinus tracts, and abscesses are depicted by MR.
It also has a role in the subset of patients with
perianal fistulas being evaluated for surgical
correction.

Magnetic resonance imaging identified 80%
to 85% of abnormal bowel segments, compared
with 60% to 65% by single phase helical CT (51);
although moderate or marked mural thickening
was identified equally by both modalities, MR
was superior in mildly thickened bowel.

Scintigraphy

Scintigraphy does not have a role in initial
disease detection; its primary application is in
following established disease activity. Although
scintigraphic findings correlate with clinical
activity and this test is thus useful in disease
exacerbation, it appears inferior to other
imaging modalities in detecting an abscess,
fistula, or bowel obstruction.

Technically, labeling of Tc-99 m–hexamethyl-
propyleneamine oxime (HMPAO) with leuko-
cytes is easier and study acquisition times faster
than a corresponding indium-111 examination.
A positive scan represents strong presumptive
evidence of inflammable bowel disease and
scintigraphy appears to be a simple screening
test in differentiating these disorders from such
entities as irritable bowel syndrome. This test
even detects subclinical bowel inflammation.
Thus in one study over half of patients with
seronegative spondyloarthropathy and no clini-
cal evidence of inflammatory bowel disease had
a positive Tc-99 m-HMPAO leucocyte scan (52).
It is, however, nonspecific and does not differ-
entiate among Crohn’s disease, ulcerative colitis,
infectious enteritis, and inflammation due to
such entities as appendicitis. Also, its sensitivity
decreases in patients receiving steroid therapy.

Thus in a Crohn’s patient being treated with
steroids, Tc-99 m–leukocyte scintigraphy failed
to detect inflammation but an In-111 leukocyte
scan did reveal abscesses (53); the effect of
steroid-induced chemotaxis on leukocyte-based
scintigraphy is not clear.

Technetium-99 m-HMPAO leukocyte scintig-
raphy appears to have moderate correlation to
the Crohn’s Disease Activity Index (54) but 
currently the impact of scintigraphy on other
imaging and endoscopic modalities and its 
clinical implications are difficult to place in 
perspective. Potentially combined use of CT 
and Tc-99 m-HMPAO leukocytes scintigraphy
appears useful, yet whether the additional infor-
mation obtained from these two imaging
modalities beyond what is available from
barium studies does indeed influence clinical
management of most patient remains to be
established.

Technetium-99 m human polyclonal immu-
noglobulin scintigraphy appears limited in
detecting location or extent of disease.
Likewise, In-111 polyclonal immunoglobulin
scintigraphy appears less sensitive than Tc-
99m-HMPAO both for diagnosis and in evalu-
ating disease extent and has been replaced by
the latter. Radioimmunoscintigraphy with Tc-
99 m antigranulocyte monoclonal antibody is
also less sensitive than Tc-99 m-HMPAO leuko-
cyte scintigraphy

Scintigraphy with gallium-67 citrate and In-
111 leukocytes are of limited use in Crohn’s
disease.

Complications

Hepatobiliary abnormalities of inflammatory
bowel disease are discussed in Chapters 7 and 8.
Some of these abnormalities, such as subtly
abnormal liver function tests or sclerosing
cholangitis, are considered to be not complica-
tions but rather a direct manifestation of the
disease.

Extraintestinal manifestations are part of the
spectrum of findings in Crohn’s disease (Table
4.2). Their prevalence varies considerably in 
different studies.

Musculoskeletal

Arthritis in patients with inflammatory bowel
disease ranges from peripheral to axial. Axial
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involvement tends to be similar to that seen
with ankylosing spondylitis. Asymptomatic
sacroiliitis is not uncommon; conventional
radiography identifies asymptomatic sacroiliitis
in considerably fewer patients than CT.An inter-
esting study from Korea found that in Crohn’s
patients arthritis occurred only in those with
colonic involvement (55). Arthritis and ery-
thema nodosum are more frequent in Crohn’s
disease than in ulcerative colitis.

Osteoporosis is a known complication of
Crohn’s disease. Some adult and pediatric
patients have a marked reduction in bone
density and develop vertebral compression frac-
tures. Etiologic factors include the use of steroid
therapy, superimposed malnutrition and abnor-
mal calcium, vitamin D, and hormone metabo-
lisms. Bone mineral density evaluation of
pediatric Crohn’s patients seems reasonable.

Abscess

Abscesses are more common with small bowel
or ileocolic Crohn’s than with colonic involve-
ment. An occasional sterile abscess develops.
Some abscesses involve not only adjacent struc-
tures, including spleen, lymph nodes, psoas
muscle, liver, pancreas, and abdominal wall, but
also the brain.A Crohn’s fistula led to a presacral
abscess and spondylodiscitis (56). A peroneal

abscess in a Crohn’s patient resulted in pri-
apism. In some patients Crohn’s disease is 
discovered only after the source for an abscess
is sought.

From a clinical viewpoint, differentiation of
an abscess from a phlegmon is necessary. Com-
puted tomography is usually employed for this
purpose.

Successful percutaneous drainage of Crohn’s
abscesses has been performed, although the
procedure remains controversial. Among percu-
taneously drained abscessed, 56% were success-
ful (57); successful drainage was associated with
fewer fistulas, and the abscesses tended to be
first rather than recurrent, spontaneous rather
than postsurgical, located in the right lower
quadrant, and small. In an acute clinical setting,
percutaneous drainage of even a complex
abscess is feasible and, if necessary, can be fol-
lowed by elective surgical drainage. Drainage of
an abscess associated with an internal fistula
usually does not heal the fistula. A persistent
enterocutaneous fistula at the site of catheter
insertion is a recognized complication. Perhaps
a major consideration for percutaneous
drainage of a Crohn’s abscess is that it gains
time to stabilize a patient for further, more
definitive, therapy.

Some surgeons believe that surgical resection
of inflamed tissues, including diseased loops 
of bowel, leads to faster healing and fewer 
complications.

Fistula/Perforation

Fistulas are common and extend to another
loop of bowel, bladder, or other structure not
involved by Crohn’s disease (Fig. 4.8). In the
absence of prior surgery or percutaneous
drainage, cutaneous abdominal fistulas are
uncommon.A fistula almost always is associated
with a phlegmon or abscess. Some fistulas
bypass an obstructed bowel segment. Unusual
sites include rectourethral and even a rare 
one into a hip joint. Some of these fistulas are
associated with prior resection or abscess
drainage.

Suspected cutaneous fistulas are typically
studied with fistulography using fluoroscopic
guidance. A comparison of US-guided and
fluoroscopically guided fistulography in eight
patients with Crohn’s ileitis and suspected ente-
rocutaneous fistulas found agreement between

Table 4.2. Extraintestinal manifestations of Crohn’s disease

Skin
Pyoderma granulosum
Erythema nodosum

Eyes
Conjunctivitis
Iritis
Uveitis

Joints
Ankylosing spondylitis
Hypertrophic osteoarthropathy

Liver
Sclerosing cholangitis
Cholangiocarcinoma

Other
Abscesses
Thrombophlebitis
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the two studies in all patients (58); US fistulog-
raphy was performed using physiologic saline
injected through an inserted catheter, with the
fistulous tracts appearing as hypoechoic lines
extending from the cutaneous opening. One
advantage of fluoroscopic guidance is that the
amount of contrast injected is easier to estimate
by visualizing the extent of the internal 
communications.

Bowel perforation and peritonitis is infre-
quent in Crohn’s disease, yet most physicians
dealing with this disease sooner or later
encounter this complication, at times as an
initial presentation. A concurrent small bowel
obstruction is often also present.

Bleeding/Thrombosis

Chronic blood loss and iron-deficiency anemia
are not uncommon with small bowel Crohn’s
disease.A rare patient presents with major hem-
orrhage even to the point of exsanguination.

Patients with Crohn’s disease are at increased
risk of vascular thrombosis. Etiology for 
thrombosis in these patients is not known;
coagulation defects and fibrinolysis have been
suggested, although not all patients with throm-
boembolic complications manifest a coagula-

tion disorder. Inferior vena caval thrombosis
and portal vein thrombosis develop, with the
latter being more common with ulcerative
colitis than with Crohn’s disease (Fig. 4.9).
Inferior mesenteric vein thrombosis is not
uncommon.

Arterial occlusive disease is occasionally
found in relatively young Crohn’s patients. In
some, this appears to be a premature athero-
sclerosis rather than a vasculitis; these patients
often are steroid dependent and have long-
standing Crohn’s colitis. Some arterial thrombi
are at a remote site, including internal carotid
arteries.

These thrombi are readily detected with CT.

Malignancy

The prevalence of small bowel adenocarcinoma,
lymphoma, and hematologic malignancies in
patients with long-standing Crohn’s disease is
greater than in the general population, although
the small numbers involved make prediction
uncertain. Current evidence suggests that 
duration of disease and presence of surgi-
cally bypassed loops of bowel are factors in 
carcinoma development. Other potential patho-
genetic factors include chromosomal abnormal-
ities, immunologic dysfunction, and medical
therapy for Crohn’s disease. These adenocarci-
nomas develop throughout diseased bowel,
including strictureplasty sites and in fistulous
tracts.

The imaging appearance of a malignancy in
a setting of Crohn’s disease is nonspecific and
mimics a benign stricture (Fig. 4.10).

Genitourinary

An extensive phlegmon surrounding the 
terminal ileum occasionally obstructs the right
ureter and results in an eventual loss of the right
kidney, at times silently. A rare patient develops
left-sided hydronephrosis. Renal US to check for
hydronephrosis seems worthwhile in a patient
with extensive ileal Crohn’s disease.

Renal tubular damage appears to be an
extraintestinal manifestation of disease and not
due to therapy (59).

So-called metastatic Crohn’s disease occa-
sionally involves the penis; ulcerations develop
and biopsy reveals granulomas.

Figure 4.8. Multiple fistulas secondary to Crohn’s disease. CT
after oral contrast identifies matted loops of small bowel just
superior to the bladder (arrow). Fistulas extend between small
bowel, colon, and bladder. Other images identified gas within
the bladder. (Courtesy of Patrick Fultz, M.D., University of
Rochester.)
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Other

Thyroid disease is more common with 
ulcerative colitis than with Crohn’s disease.
Thyroid volume and free thyroxine increase 
and some patients develop antithyroid antibod-
ies, even in the absence of clinical thyroid
disease. Thyroid volume can be calculated by
US.

A weak association between Sweet’s syn-
drome (acute febrile neutrophilic dermatosis),
believed to represent a hypersensitivity reaction
occurring with parainflammatory and paraneo-
plastic conditions, and Crohn’s disease appears
to exist. Erythematous, ulcerated skin nodules
develop in these patients; biopsy revealed non-
caseating granulomas.

Mesenteric fibromatosis is a rare complica-
tion of Crohn’s disease, almost always associated
with previous intestinal resection. Fibromatosis
occurs more often after bowel resection in
familial polyposis syndrome.

One example of the protean manifestations of
Crohn’s disease is a young adult with lung
infiltrates, believed to represent sarcoidosis,
who also developed peptic ulcer symptoms with
gastric outlet obstruction and duodenal steno-
sis after a Billroth I anastomosis, later thought
to be due to Crohn’s disease (60); bronchial
biopsy revealed noncaseating granulomas.

Ascites occasionally develops during an acute
episode. Ascites is not a feature of chronic
Crohn’s disease; if present, another etiology
should be sought.

Figure 4.9. Inferior vena cava thrombophlebitis in a 24–year-
old man with Crohn’s disease. A: Transverse T1–weighted image
with fat suppression reveals caval wall thickening (arrowheads).
B: Postcontrast T1–weighted transverse image with fat suppres-
sion shows an enhancing caval wall (arrows). C: Sagittal image
outlines extent of caval involvement. (Source: Sashi R, Ito I,Watarai
J, Miura K, Horie Y. Thrombophlebitis of the inferior vena cava
involving the retroperitoneum with Crohn’s disease: MR demon-
stration. Magn Reson Imaging 1997:15:1099–1101, with permis-
sion from Elsevier.)
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Systemic amyloidosis is a rare but serious
complication of Crohn’s disease, with the
kidneys being the critical target organ. Scintig-
raphy using a I-123 serum amyloid component
targets body amyloid deposits; preliminary evi-
dence suggests a possible role for this test in
patients with suspected Crohn’s amyloidosis
(61).

Outcome

Most patients who have Crohn’s disease do not
die from it. The Rochester, New York, registry of
inflammatory bowel disease patients shows that
patient deaths due to Crohn’s disease decreased
from 44% in the period 1973–1980 period to 6%
in the period 1981–1989 (62).

Serial gray-scale US measurement of bowel
wall thickness and Doppler US grading are used
by some to follow changes in disease activity
during medical management.

Typical indications for surgery are failed
medical therapy, small bowel obstruction,
enteric fistula, and abscess. The most common
site for recurrence after surgery is in the pre-
anastomotic neoterminal ileum.

Surgery does not cure Crohn’s disease.
Surgery can, however, control complications.

Published recurrence rates after surgical resec-
tion of diseased bowel vary considerably; the
observed symptomatic recurrence rate is lower
than endoscopy- or biopsy-detected recurrence
rate. Also, patients presenting with an acute
complication tend to have higher recurrence
rates.

The type of surgery performed has little
influence on recurrence. Quite often resection
margins contain microscopic disease, yet
retained disease or length of macroscopic
disease-free resection margins probably has
little influence on subsequent recurrence.

Strictureplasty avoids a short bowel syn-
drome developing after an extensive resection
and appears useful in managing extensive
obstructive Crohn’s disease. It does not alter the
natural disease course.

A laparoscopic approach continues to gain
ground whenever an ileocecal resection or
stoma formation are necessary for Crohn’s
disease.

Chronic Idiopathic Enterocolitis

Also found as an isolated entity, chronic 
nongranulomatous ulcerative enterocolitis
occasionally develops in patients with celiac
sprue, lymphoma, hypogammaglobulinemia,
and related conditions. Biopsy reveals a chronic
inflammatory infiltrate involving small bowel
and often also colon. No infection or inflamma-
tory bowel disease is detected during prolonged
follow-up. Some patients respond to steroid
therapy.

The relationship of chronic granulomatosis
syndrome to this condition is conjecture.

Imaging findings in this entity are not 
established.

Acute Enteritis

In some adults and children acute enteritis
causes lymph nodes enlargement. Such enlarged
nodes are nonspecific and are found in a
number of diseases.

Aside from the two entities discussed, similar
clinical presentations are found with Campy-
lobacter jejuni enteritis, Escherichia coli infec-
tion, and Clostridium difficile infection. Imaging
is often nonspecific and CT simply reveals ileal
or cecal wall thickening and enlarged mesen-
teric lymph nodes. Occasionally marked bowel

Figure 4.10. Small bowel adenocarcinoma in a setting of long-
standing Crohn’s disease.
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dilation is a prominent feature. Clinically, either
acute gastroenteritis or Crohn’s disease are 
suspected.

Yersinia Enterocolitis

Yersinia enterocolitica, a gram-negative, low
temperature growing bacillus, is a common
enteric pathogen; in temperate countries gas-
troenteritis due to yersinia infection usually
ranks third after Campylobacter and Salmo-
nella. It often presents as an acute, self-limiting
enteritis with symptoms referable to the right
lower quadrant mimicking appendicitis or acute
Crohn’s disease. Also called mesenteric adenitis,
this infection most often is due to either Y. ente-
rocolitica or C. jejuni. Mesenteric lymph node
biopsy simply identifies nonspecific follicular
hyperplasia.

A number of these patients have been
explored for suspected appendicitis; the appen-
dix is found to be unremarkable but terminal
ileum is thickened and mesenteric adenopathy
identified. Preoperative imaging for suspected
appendicitis should differentiate these two con-
ditions. At times Crohn’s disease has a similar
clinical presentation and even intraoperative
appearance; in patients with Y. enterocolitica
infection the clinical and imaging findings
revert to normal within several weeks.

At times Y. enterocolitica infection is chronic.
Thus CT and US in a woman with weight loss
and leukocytosis detected enlarged abdominal
lymph nodes. A malignant lymphoma was sus-
pected but bone marrow and lymph node biop-
sies did not detect a neoplasm (63); serology
confirmed a previous Y. enterocolitica infection
and in 6 months her enlarged lymph nodes
regressed.

Occasionally Y. enterocolitica results in a
small bowel intussusception, presumably sec-
ondary to enlarged mesenteric nodes.

Salmonella/Shigella (Enteric Fever)

Enteric fever is caused by Salmonella infection,
with common serotypes being S. typhi, S.
paratyphi, and S. enteritidis. The only reservoir
for S. typhi is in humans. Histologically, bowel
and mesenteric lymph node involvement
mimics Kikuchi-Fujimoto lymphadenitis (see
Chapter 14) and infection by some other bacte-
ria. The diagnosis is confirmed by culture.

Salmonella and Shigella infection results in
an acute terminal ileitis. A colitis is also often
evident and many of these patients cannot 
tolerate a barium study, especially a barium
enema.

A small bowel barium study in a patient 
with Salmonella ileitis showed terminal ileal
spasticity and thickened folds (64); CT revealed
a circumferential, homogeneously thick-
ened terminal ileum and mild colonic wall
thickening.

A small bowel barium study in a patient 
with Shigella ileitis identified an irregular nar-
rowed lumen, large nodules, and terminal ileal
ulcers, and CT showed thickening of the termi-
nal ileal wall and a target configuration (64). In
spite of these anecdotal reports, imaging cannot
differentiate between most infective agents. The
role of CT in differentiating these infections
from Crohn’s disease is not clear.

Giardiasis

Giardiasis is a protozoan infestation endemic
throughout large parts of the world. Clinically it
presents with gastroenteritis of varying severity.
It is commonly diagnosed from duodenal aspi-
rates or biopsies, although a barium study often
suggests the diagnosis.

The radiologic changes are best seen in the
duodenum and proximal small bowel; small
bowel folds are thickened and distorted.
Increased intraluminal secretions are common.
Some patients develop disordered peristalsis.

Occasionally giardiasis involves most of the
gastrointestinal tract and even biopsies of
the terminal ileum and colon yield positive
results.

Strongyloidiasis

Infestation with the nematode Strongyloides
stercoralis leads to vomiting, diarrhea, and
rectal bleeding. Disseminated infection is 
often fatal, especially in the very young and
those with diabetes mellitus, malnutrition, and
immunosuppression. In others strongyloidiasis
smolders for decades, presenting only with
occasional relapses.

Imaging reveals thickened valvulae con-
niventes. With more extensive infestation CT
identifies a thickened, poorly marginated bowel
wall that enhances postcontrast to varying
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degrees; a similar appearance is seen with other
acute bowel infections and with obstruction to
venous drainage.

The diagnosis is established by identifying
duodenal or colonic S. stercoralis larvae.

Ascariasis

Ascaris lumbricoides infests a large proportion
of the world’s population, mostly in developing
countries where the condition is encountered
mainly in children. During its life cycle the
worm travels through the respiratory tract and
portal and hepatic veins, and eventually pul-
monary alveoli. After further growth, larvae
migrate to the larynx, are swallowed, and
mature in the small bowel.

Infected patients range from relatively
asymptomatic, having nonspecific abdominal

symptoms, to bowel obstruction, and the 
occasional patient develops a perforation and
peritonitis. Pancreaticobiliary manifestations
develop with worm migration into the biliary or
pancreatic ducts. This is not an innocuous con-
dition and patients developing an acute
abdomen have a high mortality.

Classically, ascariasis is diagnosed with
barium studies, where barium in the worm
intestinal tract is identified on delayed views.
Computed tomography reveals not only con-
trast within the worm gut but also the worm
coursing through opacified bowel. The worm
produces a long, thin, tubular soft tissue struc-
ture coiled in small bowel. Computed tomogra-
phy often reveals the worm only in cross
section. In endemic regions, bowel obstruction
by worms is recognized on conventional 
radiographs (Fig. 4.11).

Figure 4.11. Small bowel ascariasis. A: Multiple gas-filled tubular
loops are evident in the right lower quadrant. B: Transverse US
identifies curvilinear structures within fluid-filled loops (arrow),
similar to the (C) curvilinear structures found with CT. (Source:
Rodriguez EJ, Gama MA, Ornstein SM, Anderson WD. Ascariasis
causing small bowel volvulus. RadioGraphics 2003;23:1291–1293,
with permission from the Radiological Society of North America.)

A

B

C
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Ultrasonography is the most common
imaging modality available in some parts of the
tropics and is suited to detect ascariasis. Intesti-
nal ascariasis is suspected with US by finding
tubular structures within the small bowel
lumen. Among 22 individuals with A. lumbri-
coides eggs in their stools, US visualized a worm
in six (65); the parasite appears as a large,
curved hyperechoic strip, 4 to 6 mm in 
diameter, and contains an inner, anechoic, lon-
gitudinal canal. The US appearance has been
described as a winding highway (65).

Whipple’s Disease

Whipple’s disease is a rare, systemic disorder,
often limited to the gastrointestinal tract and
lymph nodes, although more generalized mani-
festations are evident in some. Intestinal symp-
toms are thought to be secondary to invasion by

a rod-shaped gram positive aerobic bacillus,
called Tropheryma whippelii, found both intra-
and extracellularly.

Table 4.3 summarizes a retrospective clinical
Whipple’s disease study by the Société Nationale
Française de Médecine Interne (SNFMI). An
antecedent migratory polyarthritis often pre-
cedes gastrointestinal symptoms; the arthralgia
is seronegative, symmetric, and migratory, and
no joint destruction is evident. Some patients
develop sacroiliitis. It is associated with renal
amyloidosis and extraintestinal adenopathy.

Small bowel valvulae conniventes and bowel
wall are thickened (Fig. 4.12). Intra- and
extraperitoneal lymphadenopathy is common.
A characteristic feature of Whipple’s disease is
that involved lymph nodes have a lower CT
density than normal. Biopsy reveals foamy
macrophages and surrounding lipid, accounting
for the CT appearance. Presence of hypodense
nodes is not pathognomonic for Whipple’s
disease, however, and occasionally other 
infections (especially tuberculosis) or a diffuse
neoplasm also exhibit hypodense nodes.

The diagnosis is established by finding 
periodic acid-Schiff (PAS)-positive material in
involved histiocytes. Ultrastructural study iden-
tifies bacterial fragments within histiocytes.

Table 4.3. Clinical data on 52 French Whipple’s disease
patients

Sex: 73% male

Clinical manifestations prior to diagnosis:
Musculoskeletal 67%
Digestive 15%
Generalized 14%
Neurologic 4%

Later manifestations:
Diarrhea, weight loss, malabsorption 85%
Arthralgia or arthritis 83%
Prominent neurologic symptoms 21%
Cardiovascular symptoms 17%
Mucocutaneous symptoms 17%
Pleuropulmonary symptoms 13%
Ophthalmologic symptoms 10%

Biopsy site for histopathologic diagnosis*:
Jejunum 90%
Lymph node 6%
Brain 2%
Postmortem jejunum or brain 2%

Response to therapy:
Favorable 90%
Death 4%
Chronic dementia 2%
Continued digestive symptoms 4%

Relapse** 17%

* Based on 51 patients.
** Seven of 41 patients initially treated successfully.
Source: Adapted from Durand et al. (66).

Figure 4.12. Whipple’s disease. Jejunal wall and valvulae 
conniventes are slightly thickened. Giardiasis has a similar
appearance.
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Antibacterial therapy is often prolonged but
is curative in most.

Cytomegalovirus Infection

Most clinically evident cytomegalovirus infec-
tion occurs in immunocompromised patients,
and it is a common cause of massive lower gas-
trointestinal bleeding. Most lesions consist of
ulcers and granulation tissue. These findings
appear to be due to endothelial infiltration by
macrophages and intranuclear inclusion bodies
and a resultant cytomegalic vasculitis leading to
ischemia and secondary ulceration. The endo-
scopic appearance of some lesions suggests a
malignancy.

Ulcerations presumably account for the
massive intestinal hemorrhage developing in
some patients. Either jejunum or ileum can be
involved. Deep ulcers occasionally result in 
perforation and peritonitis.

Although angiography does detect a bleeding
site, the tangle of vessels induced by this infec-
tion can suggest angiodysplasia.

Anisakiasis

Human anisakiasis most often involves the
stomach and duodenum. A minority of patients
present with findings suggesting an acute
abdomen, at times mimicking appendicitis.
Laparotomy in two patients revealed an ileitis,
with an edematous ileal wall infiltrated by
eosinophils and containing Anisakis larvae (67).

Ultrasonography detects ascites, small bowel
dilation and thickened valvulae conniventes.
These are nonspecific abnormalities found in a
number of other inflammatory conditions.

Protein-Losing Gastroenteropathy
Protein-losing gastroenteropathy is not a single
entity but a description of a type of bowel 
reaction to a variety of insults. Some of the 
conditions leading to clinical, imaging, and
pathologic findings of protein-losing gastroen-
teropathy are listed in Table 4.4. These con-
ditions are discussed in their respective
sections.

Some imaging tests are useful to detect
protein-losing gastroenteropathy in its broad
sense rather than being specific to a particular
disease. A Tc-99 m-HSA scan is considered 

positive for protein-losing gastroenteropathy if
tracer exudate is identified in the gut. Serial
scanning up to 24 hours is necessary to detect
bowel activity in some patients. Among patients
with suspected protein-losing gastroen-
teropathy, 96% revealed Tc-99 m-human serum
albumin (HAS) in bowel, but among these 28%
were positive only on 24 hours images (68); no
bowel activity or only slight activity is identified
in controls.

Drug Related
Some drugs are known to induce small bowel
ulcerations and stenoses. Among others, potas-
sium salts and nonsteroidal antiinflammatory
drugs are implicated (Fig. 4.13). Some patients
develop multiple ulcerations.

Enteroclysis aids in detecting superficial
ulcers and subtle stenoses. Thus among patients
with drug-induced stenoses, enteroclysis reveals
one of three findings: a web-like stricture; a
short, smooth stricture; or an ulcerated, cir-
cumferential stenosis (69). At times CT detects
a thickened, irregular bowel wall.

Ischemia
Ischemia due to major vessel abnormalities and
vasculitides are covered in Chapter 17. Isolated
colon ischemia is more common than small
bowel.

Bowel ischemia ranges from acute to chronic.
Early or mild ischemia results in intramural
edema or hemorrhage (hematoma), findings
similar to those seen as sequelae from a bleed-
ing diathesis, such as anticoagulation therapy

Table 4.4. Conditions associated with protein-losing
gastroenteropathy

Eosinophilic gastroenteritis
Ménétrier’s disease
Radiation enteritis
Celiac disease
Intestinal lymphangiectasia
Extensive amyloidosis
Certain infections

Whipple’s disease
Tropical sprue
Bacterial overgrowth

Intestinal lymphoma
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(small bowel bleeding is discussed later, see Vas-
cular Lesions). A partial or gradual decrease in
intestinal blood flow opens collateral vessels
and bowel stenoses develop.

Computed tomography findings of ischemia
vary depending on the severity of the ischemia
and whether an infarct has developed (Table
4.5). Aside from reduced wall enhancement, the
other signs are relatively nonspecific.

Ultrasonography findings suggesting small
bowel ischemia consist of thickened bowel wall
and absent blood flow, identified by color
Doppler US; bowel wall thickening with 
readily apparent color Doppler flow suggests
inflammation.

Ultrasonography reveals a hematoma as focal
bowel wall thickening, at times consisting of a

thick, hyperechoic inner layer and a thin, hypo-
echoic outer layer; the bowel lumen tends to be
narrowed, decreased peristalsis is evident, and
often fluid is identified between involved bowel
loops.

Radiation
The amount of small bowel included in a radia-
tion treatment field is a factor in subsequent
radiation enteropathy. Two pretherapy methods
are used to calculate bowel volume: a grid
method using orthogonal radiographs, and
algorithms based on CT data using either poly-
hedral or cylindric approximations.

Irradiation results in bowel wall thickening
and lumen narrowing. During the acute phase
edema and hemorrhage predominate, with
eventual bowel wall fibrosis developing. Lumen
narrowing can be either on an acute basis 
due to edema or chronic due to stenosis.
Some obstructions develop only months or
years later.

Radiation therapy induces mesenteric lymph
node fibrosis and lymphatic occlusion resulting
in lymphatic congestion and is one of the causes
of protein-losing enteropathy.

Early vascular-phase CT in patients with irra-
diated intestine revealed bowel wall thickening
in a three-layered pattern, believed to represent
early contrast enhancement of the mucosal and
muscular-serosal layers and decreased enhance-
ment of submucosa (71); this three-layered
appearance gradually faded into homogeneous
enhancement during delayed equilibrium.

Angioneurotic Edema
Hereditary angioneurotic edema, a rare condi-
tion, is most often encountered in a setting 
of hereditary deficiency of the complement
system. Acquired angioneurotic edema is even
less common, although the clinical presentation
is similar to the hereditary form. An acute
attack, often initiated by mild trauma, involves
skin, larynx, or abdominal structures and can be
fatal. Abdominal involvement often mimics an
acute abdomen.

Computed tomography findings in three
patients with visceral angioneurotic edema
revealed thickened small-bowel wall, including
mucosa, increased wall contrast enhancement,

Figure 4.13. Jejunal webs secondary to nonsteroidal anti-
inflammatory drug use. (Courtesy of Arunas Gasparaitis, M.D.,
University of Chicago).

Table 4.5. Computed tomography findings of ischemia in a
setting of small bowel obstruction*

Sensitivity Specificity
Finding (%) (%)

Reduced bowel wall 48 100
contrast enhancement

Bowel wall thickening 38 78
Mesenteric fluid 88 90
Mesenteric vein 58 79

congestion
Ascites 75 76

* Based on CT findings in 142 patients with acute bowel obstruction
and suspected intestinal ischemia.
Source: Adapted from Zalcman et al. (70).
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prominent mesenteric vessels, ascites, and fluid
within bowel lumen (72).

Small bowel barium studies show diffuse
thickening of valvulae conniventes in addition
to bowel wall infiltration. One patient with
hereditary angioedema developed focal small
bowel involvement, mimicking a tumor on CT
(73); if in doubt, a follow-up study should clarify
whether these changes are permanent.

Mastocytosis
An uncommon disease, mastocytosis consists 
of a proliferation of mast cells that originate
from CD34+ hemopoietic stem cells in bone
marrow. In the past it was believed to represent
a reactive or hyperplastic process, but more
recent evidence suggests that mastocytosis is a
neoplastic condition. Although urinary hista-
mine metabolite levels are suggestive of the
diagnosis, bone marrow biopsy is often
required.

Clinical manifestations of mastocytosis result
from mast cell degranulation and release of
mediators inducing local paroxysmal conges-
tion. Bone involvement is most common,
followed by digestive tract and hematologic
structures.

Thickening of valvulae conniventes and
bowel wall develop during the acute attack,
reverting to normal between attacks.

Lymphangiectasia
Intestinal lymphangiectasia is one of the
protein-losing enteropathies, and it leads to
malabsorption, hypoproteinemia, ascites, and
edema. It is either congenital or acquired and
presumably is secondary to obstruction of lym-
phatic flow and resultant lymphatic engorge-
ment. Most imaging modalities simply show
bowel wall and valvulae conniventes thickening,
representing nonspecific findings (Fig. 4.14). A
CT target sign (halo sign), consisting of an inner
hypodense ring surrounded by a higher density
outer ring, has been described in a patient with
intestinal lymphangiectasia (74).

Technetium-99 m-dextran lymphoscintigra-
phy detects chylous ascites, but this test has a
limited role in evaluating intestinal lymp-
hangiectasia. An occasional patient with
primary intestinal lymphangiectasia has abnor-

mal intestinal accumulation of tracer during Tc-
99 m–methylene diphosphonate (MDP) skeletal
scintigraphy.

Amyloidosis
Primary gastrointestinal tract amyloidosis is
rare. More often it is associated with multiple
myeloma or chronic infection or inflammation
such as Crohn’s disease. Gastrointestinal amy-
loidosis occasionally develops in patients on
chronic hemodialysis.

If extensive enough, amyloidosis presents
with ulcerations, bleeding, ischemia, or even a
protein-losing enteropathy.A rare patient devel-
ops pneumatosis cystoides intestinalis.

Clinically and with imaging, amyloidosis
mimics a number of other conditions.
Hypoperistalsis and superimposed bacterial
overgrowth are common. Some patients develop
a pseudo-obstruction, thickened valvulae con-
niventes and small nodules scattered through-
out the small bowel—findings secondary to
mostly submucosal amyloid deposition.

In a patient with secondary amyloidosis 
and a protein-losing enteropathy, Tc-99m–
diethylenetriamine pentaacetic acid (DTPA)
HSA scintigraphy identified the protein-losing
site (75).

Figure 4.14. Intestinal lymphangiectasia. Both bowel wall and
valvulae conniventes are diffusely thickened.
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Tumors
Enteroclysis and capsule endoscopy are the
current imaging gold standards in detecting
primary small bowel tumors, yet for a number
of reasons enteroclysis is performed mostly in
select centers. In spite of several enthusiastic
reports, CT and MR have had a limited role,
except for tumors with diffuse involvement such
as lymphomas. Undoubtedly the role of MRI
will expand in the future.

Nonneoplastic

Splenic Rests

Small bowel splenic rests are not common.
Typically they tend to present as submucosal
tumors. A number of these patients have had a
prior splenectomy, thus these foci presumably
represent splenosis. At times in postsplenec-
tomy patients Tc-99m–red blood cell scintigra-
phy suggests the correct diagnosis and thus
needless surgery can be avoided.

Lymphoid Nodular Hyperplasia

Common variable hypogammaglobulinemia
syndrome with intestinal lymphoid nodular
hyperplasia is one of the hypogammaglobuline-
mic enteropathies, manifesting by decreased
serum immunoglobulins, recurrent respiratory
tract infections, and chronic diarrhea. From an
imaging viewpoint the primary interest in
hypogammaglobulinemia is the commonly
associated intestinal lymphoid nodular 
hyperplasia.

Prominent lymphoid follicles are often
detected in children and young adults and are
believed to be a normal finding. A similar
nodular pattern throughout the small bowel in
more elderly patients should suggest hypo- or
agammaglobulinemia. Many of these patients
also have superimposed giardiasis, leading to
thickened valvulae conniventes throughout the
proximal small bowel.

Occasionally a lymphoid hyperplasia pattern
is detected in an elderly immunocompetent
patient with no known hematologic abnor-
mality, leading to a diagnostic dilemma.
Ileoscopy in one woman showed multiple soft,
pliable, ileal polyps, and biopsies revealed
mucosal inflammation consisting of numerous

enlarged follicles containing reactive germinal
centers and a mixed infiltrate of lymphocytes,
plasma cells, and eosinophils (76); enlarged
adjacent lymph nodes were detected by CT,
and the patient underwent a right ileocolec-
tomy. The final diagnosis was simply lymphoid
hyperplasia.

Heterotopic Pancreas

Pancreatic rest tissue (heterotopic pancreas) is
occasionally found in the small bowel. Some of
these pancreatic rests measure up to several
centimeters in size, are vascular, and bleed,
generally on a chronic basis. Less common is
pancreatitis developing in this heterotopic 
pancreatic tissue. Presumably some idiopathic
small bowel strictures represent fibrosis from
prior pancreatitis within a pancreatic rest.

Arteriography of larger small bowel pancre-
atic rests simply reveals a vascular tumor.

Inflammatory Polyp

Small bowel inflammatory polyps consist of
connective tissue infiltrated by inflammatory
cells, usually eosinophils. They are not neoplas-
tic in origin. Most inflammatory polyps are
located in the ileum and most are solitary.
Occasionally one acts as a lead point for an
intussusception.

Hemangioma

Jejunal and ileal hemangiomas are not com-
mon. They occur in Maffucci’s syndrome. Most
are discovered incidentally. Gastrointestinal
hemorrhage is the most common presentation,
with some patients simply becoming anemic. In
a rare patient bleeding is intraperitoneal.

A 3-week-old boy with a cutaneous heman-
gioma and gastrointestinal bleeding also had
gastrointestinal hemangiomatosis (77);
contrast-enhanced CT revealed diffuse small
bowel wall enhancement.

Small bowel hemangiomas vary in size from
very small to a large tumor filling the bowel
lumen. These are soft tumors and thus some 
are missed by barium studies. Unless they are
actively bleeding, angiography also misses some
of these lesions.
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Lymphangioma

Lymphangiomas, or malformations of lym-
phatic tissue, are more common in the mesen-
tery than in small bowel wall (they are discussed
in more detail in Chapter 14).

A not uncommon presentation of diffuse
lymphangiomatosis is intestinal bleeding.

Occasionally small bowel lymphangiomatosis
appears as multiple polyps, and at times both
large and small ones are present. If large
enough, a small bowel or adjacent mesenteric
lymphangioma obstructs the bowel lumen.

Endometriosis

Colonic endometriosis is more common than
small bowel involvement. Distal ileal involve-
ment predominates in small bowel endometrio-
sis and results in fibrosis and strictures
mimicking ileal Crohn’s disease (Fig. 4.15).
Complicating the issue is the occasional woman
with antecedent Crohn’s colitis who develops
ileal endometriosis.

Clinical presentation of small bowel en-
dometriosis varies. Symptoms do not neces-
sarily occur cyclically, and these women develop
pain, hematochezia, or small bowel obstruction.

Barium studies in five women revealed
endometrial implants within 10 cm of the ileo-
cecal valve in four and more proximal in one
(78); findings ranged from an annular infiltra-
tion, extrinsic tumor, and spiculations, to a
plaque-like tumor. Of interest is that rectosig-
moid endometriosis was also found in four who
underwent a barium enema.

Benign Neoplasms

Adenoma

Adenomas are most common in the duodenum.
Similar to other intraluminal polyps, an
adenoma can bleed, intussuscept, or obstruct.
When resected, some adenomas already contain
a focus of adenocarcinoma.

Adenomas appear as intraluminal soft tissue
tumors. Differentiation from carcinoma is based
mostly on size and whether bowel wall invasion
is present, keeping in mind that for most smaller
ones imaging differentiation is not possible.

Leiomyoma

The most common small bowel neoplasm is a
leiomyoma. It is rare in neonates but large, con-
genital ones are in the differential diagnosis 
of a palpable abdominal mass. An increased
leiomyoma prevalence is reported in patients
with neurofibromatosis.

Most are small and intramural and are dis-
covered either at surgery or autopsy. Leiomy-
omas tend to be hypervascular to the point that
some mimic an arteriovenous malformation.
A mostly intraluminal leiomyoma suggests a 
muscularis mucosa origin. Yet even one origi-
nating from muscularis propria can ulcerate
and bleed, at times massively, necessitating arte-
rial embolization even to the point of inducing
ischemia in order to stop bleeding.

Occasionally a leiomyoma presents as a giant
abdominal or pelvic tumor, often partly
necrotic.

Lipomatous Tumors

Small bowel lipomas are common, at times
being multiple. In spite of their intramural
origin they have a tendency to become pedun-
culated and then are indistinguishable from

Figure 4.15. Terminal ileal endometriosis (arrows). Superficially
it mimics Crohn’s disease.
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other pedunculated polyps. In fact, a lipoma
should be high in the differential diagnosis for
a small, smooth pedunculated small bowel
polyp. In adults, lipomas are a relatively
common lead point for an intussusception.
Occasionally multiple lipomas result in multiple
intussusceptions and small bowel obstruction.

Computed tomography shows a lipoma as a
well-marginated, homogeneous tumor having
fat attenuation.

Polyposis Syndromes

The polyposis syndromes are discussed in more
detail in Chapter 5. Covered here are only those
aspects pertinent to the small bowel.

Although not common, small bowel adeno-
carcinomas do develop in familial polyposis,
even after a colectomy. Whether these carcino-
mas are more common after a colectomy due 
to ileal mucosa becoming dysplastic, as some
investigators have suggested, is unknown.

Enteroenteric intussusceptions are common
in Peutz-Jeghers syndrome (Fig. 4.16). Most are
transient, but an occasional one evolves into an
obstruction or ischemia. Magnetic resonance in
a patient with Peutz-Jeghers syndrome detected
a solitary 1.5-cm polyp associated with an
enteroenteric intussusception (79); the polyp
was isointense to bowel on precontrast images
and enhanced similar to bowel both on early
and late postcontrast images. A rare finding in

Peutz-Jeghers syndrome is small bowel cystica
profunda.

An occasional polyp in a patient with 
Peutz-Jeghers syndrome undergoes osseous
metaplasia.

Malignant Neoplasms

Primary small bowel cancers are not common.
The Utah Cancer Registry from 1966 through
1990 found the most common cancer to be a
carcinoid (41%), followed by adenocarcinoma
(24%), lymphoma (22%), and sarcoma (11%),
with a small percentage unclassified (80); an
age-adjusted incidence of small bowel cancers
was 1.4 per 100,000; for comparison the colon
cancer rate was 36 per 100,000 and breast cancer
93 per 100,000.

Carcinoids, lymphomas, and sarcomas
decrease in frequency from the ileum to the
duodenum (80); the reverse is true for adeno-
carcinomas. Of interest is that in industrialized
countries adenocarcinomas tend to predomi-
nate but lymphomas are more common in
developing countries (81).

Adenocarcinoma

Patients who have one small bowel adeno-
carcinoma are at increased risk of develop-
ing both other duodenal and jejunal tumors 
and other carcinomas. The risk of small bowel
adenocarcinomas increases with age and is
higher among men. Risk factors appear similar
to those seen for colon cancer. An increased
prevalence is found in patients with Crohn’s
disease, celiac disease, cystic fibrosis, familial
adenomatous polyposis, and Peutz-Jeghers 
syndrome.

The two current imaging modalities used for
diagnosing small bowel cancers are barium
studies and CT. The role of CT enteroclysis 
is promising but not yet established. The diag-
nosis is not always straightforward. An occa-
sional small bowel adenocarcinoma metastatic
to the ovary mimics a primary ovarian 
carcinoma.

A typical small bowel adenocarcinoma
appears as a poorly marginated soft tissue
tumor or localized infiltration often obstructing
the bowel lumen (Fig. 4.17). A minority necrose
extensively, do not obstruct, and mimic a mes-

Figure 4.16. Small bowel intussusception in an 8–year-old boy
with Peutz-Jeghers syndrome. The greatly dilated small bowel
loop contains several nondilated loops in this CT image,
reflecting the chronicity of this condition. (Courtesy of Patrick
Fultz, M.D., University of Rochester.)
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enchymal tumor. A multicentric adenocarci-
noma is rare.

The role of MRI is not established. Both pre-
contrast T1-weighted SGE images and post-
gadolinium fat-suppressed images appear
useful in visualizing these tumors. Malignant
tumors tend toward heterogeneous enhance-
ment on postgadolinium images.

Few studies have evaluated preoperative
staging of small bowel adenocarcinomas (Table
4.6). A retrospective preoperative nonhelical CT
study achieved an overall CT staging accuracy
of only 47% (82); sensitivity and specificity for
detecting adenopathy were 75% and 20% and
for detecting distant metastases 58% and 63%,
respectively. Staging errors were compounded
by the presence of Crohn’s disease, other polyps,
and small bowel obstruction.

The 5-year survival rate for patients with
small bowel adenocarcinoma is about 20%;
less than half of patients undergo a “curative”
resection.

Lymphoma

Clinical

Patients with Crohn’s disease or celiac disease,
immunocompromised patients, and those with
dermatitis herpetiformis are at increased risk

for intestinal lymphomas. Most primary intes-
tinal lymphomas are non-Hodgkin’s lym-
phomas. Lymphomas develop throughout the
small bowel, the exception being in the setting
of celiac disease, when proximal lymphomas are
more common.

Mediterranean lymphoma probably is a
variant of primary lymphoma.Weight loss, diar-
rhea, and general debility predominate in these
patients. Affected are mostly young adults. In
distinction to the stomach, only a minority of
small bowel lymphomas are of the MALT type.
Immunoproliferative disease is a rare lympho-
proliferative disorder involving the small intes-
tine. It appears to be a manifestation of MALT
lymphoma.

Clinical findings range from abdominal pain,
malabsorption, and hypoalbuminemia, to per-
foration, the latter finding seen more often with
primary intestinal T lymphomas rather than B
type. These T lymphomas tend to be rather
aggressive.

Imaging

Primary intestinal lymphoma develops mostly
as either a polypoid or an exophytic ulcerated
lesion, with only an occasional one infiltrating
diffusely (Fig. 4.18). Focal circumferential in-
volvement is common. In some patients the

Figure 4.17. Jejunal adenocarcinoma. A: A typical “napkin-ring” stricture is evident (arrow). B: CT in another patient reveals a het-
erogeneously enhancing tumor (cursors). Several adjacent jejunal loops are encased by this tumor. (Courtesy of Arunas Gasparaitis,
M.D., University of Chicago.)

A B
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bowel lumen is aneurysmally dilated, in others
it is narrowed. Bowel obstruction is not a
common feature even with extensive lym-
phomatous involvement and, if present, should
suggest another diagnosis. At times ulcers are
quite large and out of proportion to the tumor
mass, an appearance mimicking a necrotic mes-
enchymal tumor (Fig. 4.19).

In the terminal ileum primary lymphomas
tend to have a tumor-like appearance; more
proximal ones more often are ulcerated. Exten-
sive fistulas are rare with both primary and sec-
ondary small bowel lymphoma. Non-Hodgkin’s
lymphomas also present as multiple polyps

scattered throughout the gastrointestinal tract.
These polyps range from relatively flat ones,
with an overall appearance similar to that of
lymphonodular hyperplasia, to mostly intralu-
minal ones mimicking familial polyposis. A
polypoid appearance is more common with
Mediterranean lymphomas and in immuno-
compromised patients.

Therapy

Surgery is performed to obtain a biopsy, estab-
lish the extent of involvement, correct any
obstruction or perforation, and, at times,
debulk.

After cytoreductive chemotherapy some of
these patients develop intramural fat deposi-
tion, detected by serial CT as fat-attenuating
bowel wall thickening. It should be kept in mind
that submucosal fat deposition also occurs in
inflammatory bowel disease.

Small bowel fibrosis and resultant obstruc-
tion are a complication of chemotherapy for
intestinal lymphoma.

Sarcoma

Leiomyosarcoma

The pathologic borderland between leiomyoma
and leiomyosarcoma is rather murky, and the
same applies to a larger extent in radiology.
Presence of metastases obviously signifies
malignancy. A small bowel leiomyosarcoma
often presents as a large tumor with a promi-
nent, irregular central cavity that fills with
barium. The cavity tends to overwhelm any sur-
rounding soft tissue component. In spite of the
large size, lumen obstruction is not common.

Computed tomography reveals a small bowel
mesenchymal neoplasm, regardless of whether
it is benign or malignant, as a large, bulky,
eccentric mass, often with a low attenuation
center or cavity (Fig. 4.20). Some investigators
have used specific CT criteria to suggest malig-
nancy but with limited success. The CT findings
of 21 leiomyomas and 24 leiomyosarcomas 
were subdivided into three groups—I, probably
benign; II, probably malignant; and III,
malignant—and the results compared with
histopathologic diagnosis (83). In addition to
direct invasion and metastasis, CT findings
favoring malignancy included tumor size >5 cm,

Table 4.6. Tumor, node, metastasis (TNM) staging of small
intestinal adenocarcinoma

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma-in-situ
Tl Tumor invades lamina propria or submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades into subserosa; tumor invades 

through muscularis propria into 
surrounding tissue for less than 2 cm 
(between leaves of mesentery or into 
retroperitoneum if duodenal)

T4 Tumor invades adjacent organs; tumor 
perforates serosa; tumor extends more 
than 2 cm into retroperitoneum or 
between leaves of mesentery

Lymph nodes:
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastases
Nl Regional lymph node metastasis

Distant metastases:
Mx Distant metastases cannot be assessed
M0 No distant metastases
Ml Distant metastasis

Tumor stages:
0 Tis N0 M0
I T1 N0 M0

T2 N0 M0
II T3 N0 M0

T4 N0 M0
III any T N1 M0
IV any T any N Ml

Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.
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a lobulated contour, heterogeneous contrast
enhancement, mesenteric fat infiltration, ulcer-
ation, adenopathy, and an exophytic growth.
The presence of calcifications does not aid 
in differentiating benign from malignant.
Similarly to adenocarcinomas, small bowel
leiomyosarcomas have been misdiagnosed as
ovarian tumors.

The 5-year survival rate for patients with a
small bowel sarcoma is about 50%.

Liposarcoma

Many liposarcomas contain little or no fat. Thus
a CT finding of attenuation greater than fat in a
tumor does not exclude a liposarcoma.

Figure 4.18. A: Ileal lymphoma (mucosa-associated lymphoid
tissue, MALT) presenting as a dilated loop containing thickened
valvulae conniventes (arrow). (Courtesy of Arunas Gasparaitis, M.D.,
University of Chicago.) B: Small bowel lymphoma diffusely thicken-
ing bowel wall and obliterating valvulae conniventes.

A

B

Figure 4.19. Non-Hodgkin’s lymphoma. A,B: Two CT images reveal a tumor (arrows) with a necrotic center (arrowheads). No bowel
obstruction was present.

A B
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Other Primary Malignancies

A primary jejunal choriocarcinoma in a man led
to melena and a markedly elevated serum b-
human chorionic gonadotrophin level (84); the
authors suggest metaplasia to primitive tro-
phoblasts as an etiology for this tumor.

Small bowel sarcomatoid carcinomas are
rare. They tend to be necrotic, ulcerated, and
hemorrhagic. The prognosis was poor in the few
reported patients.

Metastasis or Direct Invasion

Tissue from intestinal metastases can be suc-
cessfully obtained using US-guided 22-gauge
fine-needle aspiration or 18-gauge core biopsy
(85).

Melanoma

A small bowel melanoma, even if a primary is
not known, is most likely metastatic. The time
interval between initial skin lesion and detec-
tion of intestinal metastases is typically several
years. Bleeding and obstruction are common

presentations. An Armed Forces Institute of
Pathology review of 103 patients with small
bowel malignant melanoma suggests two
subsets: one occurs in younger patients and is
more aggressive with rapid metastasis and early
death, and the other is a more indolent form
occurring in older patients that tends to metas-
tasize less often (86). A rare melanoma intus-
suscepts (87).

Most metastatic melanomas to the small
bowel present as multiple small, solid nodules
scattered haphazardly. An occasional metastasis
is solitary, at times quite large, and even cystic
in appearance.

Other

Breast, ovarian, lung, and other similar metas-
tases to bowel tend to obstruct, often at multi-
ple sites, or ulcerate and bleed. Their imaging
appearance ranges from minor infiltration to
large, necrotic tumors (Fig. 4.21). Enteroclysis is
necessary to detect subtle ones, keeping in mind
that most metastases are closer to the serosa
than mucosa (mucosal metastases are rare). The
larger ulcerated tumors are detected by most
imaging modalities.

Neuroendocrine Tumors

A number of neuroendocrine tumors are of
mesenteric origin and rightfully should be dis-
cussed in Chapter 14. In clinical and radiologic
practice, however, these tumors often are in 
the differential diagnosis of small bowel and
colonic tumors.

Schwannoma/Neurilemmoma

Small bowel schwannomas are uncommon. An
occasional one bleeds. These are mostly solid
soft tissue tumors.

Neurofibroma

Neurofibromatosis is discussed in more detail in
Chapter 14.

Many patients are asymptomatic but an occa-
sional tumor erodes through the mucosa and
bleeds or acts as a lead point for an intussus-
ception. When large, tumor bulk may obstruct
either the small bowel or adjacent urinary tract.

Figure 4.20. Small bowel leiomyosarcoma, probably a gas-
trointestinal stromal tumor (GIST), in a 47–year-old woman with
fever, pain, and a palpable right lower quadrant tumor. Oral and
IV contrast-enhanced CT reveals a complex, heterogeneously
enhancing tumor (arrows). Other images identified surrounding
mesenteric infiltration.(Courtesy of Patrick Fultz,M.D.,University
of Rochester.)
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Most nonplexiform neurofibromas occur on
the antimesenteric border. Imaging of the few
published plexiform neurofibromas shows a
mesenteric polypoid or bead-like mass infi-
ltrating a loop of bowel and its associated
mesentery (88). The degree of small bowel and
mesenteric involvement varies and is reflected
on relative barium studies and CT of the
involved bowel. Mesenteric angiography and CT
angiography are helpful in localizing a bleeding
tumor.

Magnetic resonance in a patient with neuro-
fibromatosis revealed duodenal and jejunal
polyps 1 to 2 cm in diameter (79); the polyps
were isointense to bowel wall and enhanced
similarly.

Carcinoid

Clinical

Jejunoileal and colonic carcinoids tend to be
rather aggressive tumors, with even small ones

Figure 4.21. A: Serosal metastasis resulting in an eccentric stric-
ture. B: Ovarian carcinoma has led to a small bowel “napkin-ring”
stricture (arrow). C: Metastatic breast carcinoma resulting in
extensive bowel wall and mesenteric invasion (arrows).

A

B
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showing local invasion and metastasis. Multiple
carcinoids are not uncommon, and a case can 
be made for searching for additional tumors.
Abdominal carcinoids are not limited to bowel
wall, and a mesenteric location is often favored.

Elevated serum serotonin and urine 5-
hydroxyindoleacetic acid levels suggest liver
metastases, although high serotonin activity of
some primary carcinoids results in a carcinoid
syndrome even without metastasis.

Imaging

Small bowel carcinoids range from intramural
polyps to an exuberant desmoplastic reaction to
the point of obstruction (Fig. 4.22). Intestinal
necrosis is a rare complication.

Computed tomography was normal in 21% of
patients with a known midgut carcinoid in spite
of biochemical evidence for tumor (89); liver
metastases were found in 68%, 20% had mesen-
teric root involvement, and 24% had extraperi-
toneal adenopathy, and the authors conclude
that CT can miss a primary carcinoid but that it
is useful in gauging the extent of tumor spread
and as an aid during follow-up. A common CT
appearance is a distinct mesenteric tumor, often
containing characteristic linear radiating soft
tissue spokes, which should be distinguished
from mesenteric soft tissue stranding, which is
found in a number of infiltrative conditions and
is a nonspecific finding. A minority of carci-
noids contain calcifications.

Ultrasonography findings tend to be 
nonspecific.

Figure 4.22. Spectrum of small bowel carcinoids. A: A tumor
(arrow) is surrounded by fixed bowel loops. (Courtesy of Arunas
Gasparaitis, M.D., University of Chicago.) B: Another carcinoid 
presents as a smooth, intramural tumor (arrows). C: Contrast-
enhanced CT shows a large, necrotic, poorly enhancing tumor
involving jejunal loops, an atypical appearance for a carcinoid.This
complex tumor also contained nonneuroendocrine and signet
ring cells. (Courtesy of Patrick Fultz, M.D., University of Rochester.)

A B
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Magnetic resonance imaging in patients with
carcinoids identified a primary tumor in 67%
(90); these tumors were best seen on postcon-
trast T1-weighted fat-suppressed images, and
their appearance ranged from a nodular tumor
originating from bowel wall to focal bowel wall
thickening having homogeneously moderate
contrast enhancement. Mesenteric nodular
metastases were associated with mesenteric
stranding in most. Most liver metastases were
hypervascular with moderate contrast enhance-
ment, although 6% were hypovascular; of note
is that some metastases were visible only on
immediate postcontrast images. Carcinoids are
hypointense both on T1- and T2-weighted MR
images. Infiltration from a central tumor into
surrounding hyperintense mesenteric fat results
in a spoke-wheel appearance.

Carcinoids contain increased somatostatin
receptors, and thus scintigraphy with radiola-
beled somatostatin analogues is potentially
useful. Initial studies with octreotide labeled
with radioactive iodine were discouraging 
but In-111–pentetreotide appears promising;
SPECT is more sensitive than planar scintigra-
phy in detecting both primary carcinoids and
metastases. Indium 111–pentetreotide is more
sensitive than CT.

Whole-body 18F-dihydroxyphenylalanine
(DOPA) positron emission tomography (PET)
of a mix of primary tumors, lymph node 
metastases, and organ metastases achieved 
an overall sensitivity of 65%; sensitivity of
18-fluorodeoxyglucose (FDG)-PET was 29%,
somatostatin receptor scintigraphy 57%, and
morphologic procedures 73% (91). The FDG-
PET imaging was falsely negative in a patient
with a known metastatic carcinoid and a posi-
tive octreotide scan (92).

Therapy

Therapy for carcinoids varies depending on
tumor size and presence of metastases. Curative
radical resection should be considered for small
intestine carcinoids. With some metastatic 
carcinoids a palliative resection decreases
symptoms. Medical therapy with somatostatin
analogues and a-interferon can prolong sur-
vival. The 5-year survival rate for patients with
small bowel carcinoids is <50%.

In appropriate patients metaiodoben-
zylguanidine (MIBG) scintigraphy appears to

have a role in planning iodine 131 MIBG
therapy.

Dilation
In ancient Greece the term ileus described intes-
tinal obstruction. The Romans narrowed this
definition to include primarily intestinal volvu-
lus and intussusception, and in this sense ileus
was used up to the 18th century. The Oxford
English Dictionary defines ileus as a painful
affection due to intestinal obstruction. Ileus as a
synonym for intestinal obstruction, regardless
of cause (mechanical ileus, adynamic or para-
lytic ileus, ischemic ileus, and so on), is used in
Europe and Japan, but in the United States ileus
has been subverted to be synonymous with ady-
namic ileus only, leading to confusing terminol-
ogy. Even some of the more respected American
medical and surgical textbooks have adopted
this narrower definition of ileus.

Mechanical Obstruction
Table 4.7 lists some of the conditions associated
with mechanical small bowel obstruction. Both
internal and external hernias are common
causes of small bowel obstruction; these are dis-
cussed in Chapter 14. Ileocolic intussusception
is covered in Chapter 5.

Radiologists typically subdivide small bowel
obstruction into complete and incomplete.
Incomplete obstruction is then subdivided
further into low grade, high grade, and similar
variants. Restraint should be used in drawing
clinical prognostic conclusions from such radi-
ographic classification. Some have equated
incomplete obstruction to mean insignificant
obstruction, although these two terms have dif-
ferent meanings. Whether to suggest surgical
correction of an incomplete obstruction should
be based more on clinical findings (presence of
nausea, vomiting, pain, inability to maintain
weight, etc.) rather than on a specific radio-
graphic appearance, with some exceptions; thus
the presence of bowel wall edema or pneumato-
sis suggest underlying ischemia.

Detection

Many patients with suspected small bowel
obstruction undergo passage of a decompres-



163

JEJUNUM AND ILEUM

sion tube early in their course, even before a
definitive diagnosis is established, followed by
watchful observation, a poorly defined term
having a different meanings for different physi-
cians. Gastrointestinal radiologists prefer that
these patients undergo imaging studies without
undue delay. What should be the sequence of
imaging studies?

Because of ready availability, conventional
radiographs should be obtained before bowel
decompression. Likewise, CT is best performed
before bowel decompression. If conventional
radiographs do not reveal small bowel dilation,
the decompression catheter, preferably a sump-
type catheter rather than a simple nasogastric
tube, is advanced distal to the pylorus. Barium
instilled through the tube provides a fluoro-
scopic small bowel study, and is used for ente-
roclysis or as an aid to identify the small bowel
during a subsequent CT study.

Occasional but recurrent publications advo-
cate the use of a water-soluble contrast agent to

study small bowel obstruction. Although in
infants use of a nonionic agent is advantageous,
in the study of adult small bowel obstruction the
water-soluble contrast agents have little to rec-
ommend. Erratic amounts of additional fluid
are drawn intraluminally, the already distended
bowel becomes even more distended, the patient
becomes more uncomfortable, and often the
only conclusion possible from such a study is
identifying whether the bowel is grossly dilated
or not. In fact, some of the studies claiming a
superiority for CT over a small bowel contrast
study used water-soluble contrast agents rather
than barium for the comparison study, leading
to preordained results. In most patients, if bowel
wall integrity is not compromised, a small bowel
contrast study should be performed with
barium.

Some investigators use solid, 4-mm radio-
paque markers to identify a partial small bowel
obstruction (93); the markers coalesced close to
the obstruction. This technique is currently
little used and appears inferior to more conven-
tional imaging tests.

Small bowel dilation per se, without colonic
dilation, is not pathognomonic of obstruction;
for example, patients with celiac sprue tend to
have dilated, fluid-filled loops of small bowel,
with an overall appearance similar to distal
small bowel obstruction. On the other hand,
regardless of the imaging study performed,
small bowel obstruction is implied if proximal
small bowel is dilated while more distal loops
are collapsed. These dilated proximal loops tend
to be filled mostly with liquid intestinal content.
Numerous bowel caliber dimensions have been
published in an attempt to differentiate between
normal and dilated caliber bowel, but these
measurements have little use in clinical practice;
the borderland between normal caliber and
dilated bowel is sufficiently vague and varies
considerably depending on site, degree, and age
of an obstruction, resultant peristaltic activity,
and presence of underlying disease.

The presence of massively dilated small 
bowel loops suggests a chronic, long-standing
obstruction.

Conventional Radiography

A number of investigators advocate CT rather
than conventional radiographs when bowel
obstruction is suspected clinically. Generally

Table 4.7. Conditions associated with mechanical small bowel
obstruction

Intraluminal
Bezoar (foreign body)
Gallstone
Intussusception
Parasites
Polyp (neoplastic or nonneoplastic)
Meconium

Intramural
Infiltrating neoplasm
Hematoma and hemorrhage
Inflammation

Crohn’s disease
Infection

Ischemia
Radiation enteritis
Congenital stricture

Extrinsic
Adhesions
Adjacent inflammation/abscess involving bowel
Hernia (internal or external)
Volvulus
Extrinsic neoplasm, cyst, etc. compressing bowel
Congenital bands
Endometriosis
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three questions are raised in this setting: Is
obstruction indeed present? Where is the
obstruction? What is the etiology of an obstruc-
tion? From a surgical perspective the first ques-
tion is most important and generally both the
first and often also the second question can be
answered by conventional radiography. The
underlying etiology is of less interest to the
surgeon, except to exclude ischemia and in-
carceration, etiologies notoriously difficult to
detect early by any imaging modality. Bowel
obstruction (or the lack of it) can be ap-
proached with either an oral barium study or
CT, although many radiology departments have
evolved to the point where CT is more readily
available and is encouraged.

Conventional radiographs aid in differentiat-
ing complete or high-grade partial small bowel
obstruction from low grade or no obstruction;
findings suggesting a high-grade small bowel
obstruction include the presence of gas-fluid
levels at a differential height in the same loop
and presence of a mean gas-fluid level width 
≥25 mm on upright abdominal radiographs
(94).

Barium Study

A small bowel barium study is a viable option
in the patient with a suspected small bowel
obstruction. Contraindications to barium are
few: an acute abdomen, suspected bowel perf-
oration, or distal colonic obstruction. Some 
surgeons still argue for a water-soluble agent 
to avoid possible barium spillage into the peri-
toneal cavity during subsequent surgery, an
argument of dubious validity; the surgeon
should spill neither barium nor the usually
infected intestinal contents proximal to a small
bowel obstruction.

A number of studies have documented the
advantages of enteroclysis over a conventional
small bowel study, yet in most institutions ente-
roclysis is rarely performed in this clinical
setting.

Prior to performing a barium study, be it a
conventional small bowel study, enteroclysis,
or a CT-enteroclysis study, thought must be
given to whether another diagnostic study 
will be needed that is obviated by the intralu-
minal retention of barium. Even endoscopists
complain if their field of view is obscured by
barium.

Small bowel obstruction is not a contraindi-
cation to an antegrade barium study. Barium
proximal to a small bowel obstruction remains
in suspension. It does not become more viscous,
as happens in the colon, and in the small bowel
barium does not influence the degree of
obstruction. Contrary to an occasional surgical
report (95), barium does not make a small bowel
obstruction worse. Likewise, the occasional
surgeon’s request to use “thin” barium in a
setting of small bowel obstruction is meaning-
less; marked fluid retention proximal to 
an obstruction invariably leads to barium 
dilution.

A barium enema with reflux into the small
bowel is a viable study in a patient with sus-
pected distal small bowel or colon obstruction.
This study differentiates between obstructive
ileus and adynamic ileus in most patients and
often provides an etiology for an obstruction.

Computed Tomography

Reported CT sensitivities in detecting small
bowel obstruction have ranged up to 100%, with
examiner enthusiasm and interest in the tech-
nique probably influencing results. Neverthe-
less, a number of studies over the past decade
have shown that CT not only detects a small
bowel obstruction but also often identifies a
cause. CT can correctly distinguished between
small bowel obstruction and adynamic ileus in
almost all and established a cause of obstruction
in most. In general, CT is more accurate in a
setting of a high-grade rather than low-grade
obstruction.

Comparing conventional radiography and CT
in patients with suspected small bowel obstruc-
tion, the positive predictive value of conven-
tional radiography was 80% and of CT 95% (96);
of interest is that the false-negative rate was 8%
with conventional radiography but only 1.6%
with CT. Nevertheless, the authors recom-
mended that conventional radiography still be
the initial study of choice. The authors did not
evaluate and compare their CT results to barium
studies.

A blinded retrospective analysis comparing
conventional radiography and CT in patients
suspected of having a small-bowel obstruction
achieved a similar overall accuracy with both
examinations (Table 4.8); CT, however, revealed
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a cause of obstruction in 95%, a finding not
usually possible with conventional radiography.
The authors concluded that conventional radi-
ography should remain the initial imaging
study in patients with suspected small bowel
obstruction. Comparing enteroclysis and CT in
clinically equivocal small bowel obstruction, CT
correctly identified 79% of 43 proven intestinal
obstructions (98); CT was most accurate with a
complex or long narrowed segment and least
accurate with short stenotic segments. It was
falsely positive in two patients with mesenteric
infarction; enteroclysis had no false positives or
false negatives. The author concluded that ente-
roclysis is more accurate in detecting and local-
izing an obstruction, but CT is superior in
determining the cause of the obstruction and in
detecting any underlying strangulation.

A retrospective CT study in children achieved
a sensitivity of 87% and specificity of 86% for
detecting small bowel obstruction (99); the eti-
ology of the obstruction was correctly identified
in 47% of scans.

The conclusions of these studies apply to the
patient with a suspected small bowel obstruc-
tion where an examination is performed to
confirm that an obstruction is indeed present
and to suggest an etiology. Another large group
of patients consists of those hospitalized with
an obstruction but due to delays, often erro-
neous but well-intentioned, the obstruction has
now resolved clinically and the radiologist is
asked to suggest an etiology for the previous
obstruction. The analogy is similar to a chest

radiograph being obtained after pneumonia has
cleared. In such a situation enteroclysis appears
to be the examination of choice in detecting a
subtle underlying tumor, residual adhesion, or
similar abnormality; CT is of limited value in
such a setting.Also, CT appears to have a limited
role in evaluating a partial small bowel obstruc-
tion. In such a setting enteroclysis appears 
superior.

Typical CT criteria for small bowel obstruc-
tion consist of a discrepancy between more
proximal dilated and more distal nondilated
small bowel loops (Fig. 4.23). Distal small bowel
obstruction consists of generalized small bowel
dilation and a narrowed colon lumen. A CT
finding of gas and particulate material in 
dilated segments of small bowel is considered
abnormal, and most of these patients have a
more distal small bowel obstruction, although
an occasional patient with slow small bowel
transit, regardless of etiology, has similar
findings. It is, however, an uncommon finding in
obstruction.

Thickened bowel wall containing a thin
hyperdense component, called a target sign or
halo sign, represents fluid within the bowel wall
and is seen with bowel ischemia. A somewhat
similar appearance is found with small bowel
intussusception and with an inflamed loop, such
as in Crohn’s disease. This sign is also seen in
some normal bowel where it represents fat
infiltration and appears related to obesity (100).

Rather than relying on axial images, coronal
and sagittal images are often more helpful in

Table 4.8. Imaging of mechanical small bowel obstruction*

Sensitivity Specificity Accuracy
(%) (%) (%)

Overall:
Conventional radiography 69 57 67
CT 64 79 67

High-grade obstruction:
Conventional radiography 86
CT 82

Low-grade obstruction:
Conventional radiography 56
CT 50

* Data based on 78 patients with suspected small-bowel obstruction.
Source: Adapted from Maglinte et al. (97).
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identifying a point of obstruction and suggest-
ing a possible etiology.

Computed tomography enteroclysis achieves
a sensitivity similar to that of conventional ente-
roclysis in detecting a site of partial small bowel
obstruction, assesses the degree of obstruction,
and often also identifies a cause of the obstruc-
tion. This study is superior to conventional CT,
especially in a setting of partial small bowel
obstruction. Still, CT enteroclysis should be
approached with caution; instillation of large
amounts of contrast into a small bowel already
distended by an obstruction simply distends 
it further and risks inducing vomiting and 
aspiration.

Ultrasonography

Ultrasonography studies of patients with acute
abdominal pain have achieved sensitivities of
75% to 95% in detecting an obstruction, yet
closer perusal makes it difficult to place these
studies in a proper perspective. Ultrasonogra-
phy is more often employed to study the bowel
in Europe rather than the United States or
Canada, where it has been supplanted by CT
and, to a lesser extent, by MRI.

Conventional US readily identifies extralumi-
nal fluid; such fluid is present in about two
thirds of patients with small bowel obstruction.

Duplex Doppler US has been used to differ-
entiate between obstruction and paralytic ileus,
with results similar to those obtained during a

physical examination, namely, in the early stages
of mechanical obstruction. Doppler US reveals
hyperperistalsis proximal to the obstruction;
in long-standing obstructions, as expected, a
decrease in intensity and duration of peristalsis
predominates. Dilated and atonic segments are
identified in adynamic ileus, although some
bowel motility usually is still present. Fluoro-
scopic observation of contrast-filled loops of
bowel identifies similar peristaltic activity, al-
though most fluoroscopists tend to rely little on
these observations.

Magnetic Resonance Imaging

Magnetic resonance imaging is not often
employed in suspected small bowel obstruction;
rather, obstruction is occasionally detected
when a study is performed for other reasons.
Preliminary evidence suggests, however, that a
MR study dedicated to the small bowel is rather
accurate. A prospective study of patients with
suspected inflammatory bowel disease or small
bowel obstruction found that MR enteroclysis
findings were similar to those obtained with
conventional enteroclysis or surgery (6).

Adhesions

The most common cause of small bowel
obstruction is adhesions, usually secondary to
prior surgery. The surgery does not necessarily
have to involve small bowel. In one hospital,
small bowel obstruction due to adhesions 
was highest after appendicectomy and colonic
resections and lowest after gallbladder and 
pancreatic surgery (101). Even some urologic
procedures lead to small bowel obstruction.
Adhesions range from single to multiple. Some
adhesions fixate or kink a loop of bowel; others,
extrinsic to the bowel, act as a nidus for an inter-
nal hernia.

Computed tomography reveals an adhesive
obstruction as a sharp bowel angulation at the
site of obstruction. A barium study identifies 
an adhesion as a smooth, extrinsic, linear
impression at the point of change in bowel
caliber.

Cancer

Not all obstructions in patients with a known
cancer are secondary to tumor; about one third

Figure 4.23. An incisional hernia causing small bowel obstruc-
tion after laparoscopic surgery. CT identifies both the hernia
(arrow) and marked proximal small bowel dilation. (Courtesy of
Patrick Fultz, M.D., University of Rochester.)
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have a benign etiology. At times CT can suggest
an etiology for intestinal obstruction. Patients
with known intraabdominal malignancy and
small bowel obstruction often have other sites
of obstruction not detectable by CT (102); addi-
tional information altering subsequent treat-
ment is often provided by a contrast enema. In
fact, the entire gastrointestinal tract should be
studied in cancer patients because multiple sites
of obstruction are relatively common.

Surgery relieves most small bowel obstruc-
tions. In patients with a malignant obstruction,
however, surgical relief of an obstruction
usually does not influence survival.

Closed Loop Obstruction/Volvulus

A closed loop obstruction consists of a loop of
bowel obstructed at two points. The closed loop
refers to bowel lumen and not blood vessels. In
time, increasing intraluminal pressure leads 
to venous stasis, ischemia, and strangulation.
Although many closed loop obstructions even-
tually evolve into strangulation, from an
imaging viewpoint the two entities can be 
distinguished: a closed loop obstruction im-
plies lumen obstruction; strangulation signifies
bowel ischemia. Obstruction in a hernia is a
type of closed loop obstruction.

A volvulus is due to intestinal twisting and
resultant lumen obstruction.A volvulus is a type
of closed loop obstruction if the obstruction
involves both inflow and outflow to the twisted
loop.

Because etiologies of volvulus differ between
infants and adults, these populations are best
approached separately.

Infants

Small bowel volvulus in infants is almost always
associated with midgut malrotation or nonrota-
tion. Malrotation predisposes to a small bowel
twist around its mesentery, which contains the
superior mesenteric artery and vein; resultant
vascular compromise leads to small bowel
necrosis unless emergent surgical intervention
ensues. The proximal end of malrotation is in
the descending duodenum, distal to the papilla
of Vater, and resultant luminal obstruction at
this level accounts for the common clinical pres-

entation of bilious vomiting, often within first
days of life.

Conventional radiographs often reveal partial
rather than complete duodenal obstruction.
Complete duodenal obstruction and a gasless
distal bowel is more common with duodenal
atresia. Ischemia developing in a setting of neg-
lected partial volvulus also results in a gasless
abdomen. A conventional radiographic finding
compatible with duodenal obstruction is seen
only in about half of the infants requiring sur-
gical correction. When present, however, a 
need for further imaging prior to surgery is
debatable.

The duodenal corkscrew appearance on a
contrast study is familiar to most radiologists.
Barium is used by most, with a minority pre-
ferring water-soluble low osmolarity contrast
agents. Some advocate US using water as a con-
trast agent, but such an approach is very opera-
tor dependent and not widely practiced.

The usual anatomic relationship of superior
mesenteric artery and vein is reversed in mal-
rotation. Ultrasonography reveals a whirlpool,
with the superior mesenteric vein and mesen-
tery twisted around the superior mesenteric
artery. Although this finding is useful in detect-
ing malrotation both with CT and US, false-
positive and false-negative findings do occur. In
one study, however, color Doppler US identified
a whirlpool sign that rotated clockwise (with
caudal movement of the transducer) in 12 of 13
pediatric patients with surgically confirmed
midgut volvulus and counterclockwise in three
patients without midgut volvulus (103); the sen-
sitivity of this clockwise US whirlpool sign in
detecting midgut volvulus was 92% and the
specificity 100%, and the authors suggest that
color Doppler US should be an initial imaging
study in children with suspected midgut 
volvulus.

Adults

In adults a closed loop small bowel obstruction
is most often secondary to adhesions. Small
bowel volvulus without a predisposing cause is
not common in Western Europe or North
America, but in parts of Turkey it represents
13% of small bowel obstruction (104). In some
parts of the world volvulus is associated with
ingestion of large quantities of milky foods.
Ascariasis infestation predisposes to small
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bowel volvulus. On a rare occasion a small bowel
mesenteric tumor, even a lipoma or lymphan-
gioma, acts as a nidus for a twist, leading to
volvulus. A rare cause was a vena cava perfora-
tion by a Greenfield filter resulting in small-
bowel volvulus (105).

Some adults with chronic small bowel volvu-
lus have few clinical signs and symptoms and
some even do not require surgical correction.

The classic conventional radiography
description of a closed loop small bowel
obstruction is a coffee bean sign, often a late
finding caused by the mostly fluid-filled dilated
loops. The diagnosis is established with barium
studies, CT, MRI, or even angiography. Com-
puted tomography shows radial convergence of
stretched mesenteric vessels toward a point of
obstruction. The involved small bowel loops
taper toward the point of obstruction, and two
converging bowel loops, representing the affer-
ent and efferent loops, are identified at the point
of obstruction. At times such converging loops
are identified even before clinical obstruction is
evident. Small bowel loops involved in the
closed loop are dilated and have a C or U shape.
Veins draining the closed loop are engorged.
Eventually bowel and mesenteric folds become
edematous and radiate toward the site of
torsion.

Computed tomography and US of a volvulus
reveal a similar appearance to a closed loop
obstruction, but a volvulus also contains a twist
or whirl due to rotation of the involved loop of
bowel and its mesentery; the radiating folds
mimic a spoke wheel. Mesenteric edema and
ascites are relatively common findings. In a
volvulus involving most of the small bowel,
the superior mesenteric artery and vein are
reversed in their relative positions.A mesenteric
twist is not pathognomonic of volvulus but is
also seen with adhesions and prior bowel 
resection.

Ileosigmoid Knot

A rare cause of both small bowel and sigmoid
colon obstruction, the ileosigmoid knot consists
of ileal loops wrapping around the base of a
redundant sigmoid. Both an elongated small
bowel mesentery and a redundant sigmoid
colon predispose to this entity. The twisted ileal
loops readily become ischemic and gangrenous;
thus there is a high prevalence of strangulation.

Occasionally conventional radiographs sug-
gest the diagnosis by identifying a small bowel
obstruction, a dilated sigmoid colon, and medial
displacement of the cecum and distal descend-
ing colon. A barium small bowel study simply
shows small bowel obstruction, although this
study tends to be unsatisfactory due to the often
associated peritonitis and superimposed slow
bowel transit time. Computed tomography is
suggestive by showing a twist, or whirl, of the
involved bowel.

Strangulation

In a strangulated obstruction, blood flow to the
obstructed loop is compromised, leading ini-
tially to ischemia and eventually to bowel necro-
sis. The diagnostic studies must thus be
performed with dispatch.

The most common cause of bowel strangula-
tion is a loop trapped in a hernia, either inter-
nal or external. An acute volvulus often also
compromises blood supply to the twisted loop
and leads to strangulation. Strangulating
obstructions are difficult to diagnose both clin-
ically and with conventional radiologic tech-
niques. Enteroclysis should detect a closed loop
obstruction, but cannot detect strangulation
unless bowel edema or other signs of ischemia
are evident. A target sign, mesenteric edema or
infiltration by blood, and pneumatosis intesti-
nalis are evidence of ischemia. Strangulation
progressing to pneumatosis intestinalis, regard-
less of how diagnosed, signifies bowel wall
necrosis.

Computed tomography of a strangulating
loop shows a serrated beak at the site of the
bowel obstruction. Intramural edema and hem-
orrhage develop due to ischemia. Contrast-
enhanced CT reveals delayed enhancement of
diseased bowel loops. Intramesenteric hemor-
rhage is identified in some patients. Computed
tomography findings pointing to a strangulated
obstructions rather than a simple small bowel
obstruction are poor or no bowel wall enhance-
ment, findings of low sensitivity but high
specificity. Less often found are an unusual
course for mesenteric vessels and mesenteric
vessel engorgement.Ascites develops eventually.
Overall, CT identifies about 85% of patients with
a strangulated obstruction, keeping in mind
that higher sensitivities can be achieved at the
expense of lower specificity.
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Abnormal US findings are detected in about
90% of patients with bowel strangulation;
these consist of small bowel distention, aperi-
stalsis, bowel wall thickening, and intraperi-
toneal fluid, findings also seen with prolonged
simple small bowel obstruction, but with stran-
gulation these findings develop earlier in the
course. An US finding of fluid–fluid levels due
to intestinal content sedimentation throughout
the small bowel is found with small bowel
obstruction, regardless of cause, once adynamic
ileus ensues. On the other hand, US detection 
of intraluminal fluid–fluid levels in a segment 
of adynamic bowel together with peristalsis in
other loops suggests a strangulating obstruc-
tion (106).

Intussusception

Ileocolic intussusception is discussed in the
Chapter 5.

Clinical

The final end point of an intussusception is
invagination of one loop of bowel (intussuscep-
tum) into another (intussuscipiens). Almost any
segment of the small bowel and colon can be
involved. Most intussusceptions are antegrade,
with only an occasional one being retrograde.
Detected on barium studies or CT, most are
transient and cannot be duplicated. Experi-
enced radiologists detect random, transient
nonobstructing intussusceptions sufficiently
often that these are often considered to be a
normal variant (Fig. 4.24). Indeed, whether such
transient intussusceptions are of clinical
significance in the absence of other findings is
debatable. Nevertheless, transient intussuscep-
tions are more common than normal in certain
disorders, such as celiac sprue.

It is the longer, more persistent intussuscep-
tions, with the intussusceptum consisting not
only of bowel but also its associated mesentery,
that cause trouble both in adults and children.
Among adults with one or more intussuscep-
tions detected with CT or MR, 30% had a neo-
plastic lead point (107). Both jejunal and ileal
polyps, benign and malignant, act as lead
points. A Meckel’s diverticulum or enlarged
lymph nodes occasionally serve as a lead point
both in adults and children. Hypertrophied
Peyer’s patches, a duplication, or even ectopic

pancreas are encountered as a lead point mostly
in children. Enteric intussusceptions due to
metastases are rare. Rare also is an intussuscep-
tion due to Crohn’s disease. Small bowel intus-
susception is a complication encountered 
after prior abdominal surgery. At times intus-
susception is obscured by postoperative or
chemotherapeutic findings.

Jejunal intussusceptions in children are not
common, and although some are idiopathic,
more often a polyp, such as a hamartoma, is a
lead point. More distal intussusceptions in
young children tend to be idiopathic.

In distinction to infants, the signs and symp-
toms in most adults with intussusception are
nonspecific. An obstruction is not even initially
suspected in many patients.

Imaging

Jejunogastric intussusception is one of the com-
plications encountered after a hemigastrectomy
and gastrojejunostomy (Billroth II operation). A
barium study reveals coiled-spring–appearing
jejunal loops within the gastric remnant, thus
confirming the diagnosis. Computed tomogra-
phy or US should also establish the diagnosis; a
coiled-spring appearance to the jejunal loops
(intussusceptum) within the stomach should be
evident.

In children with an ileoileocolic intussuscep-
tion, an air enema tends to identify the intus-
susceptum as two or more intraluminal polyps

Figure 4.24. Transient jejunojejunal intussusception in a
patient with terminal ileal Crohn’s disease, a rare association.
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once it has been reduced to the ileocecal valve;
this appearance differs from the smooth or
somewhat lobulated appearance found with
most simple ileocolic intussusceptions to allow
differentiation of ileoileocolic from ileocolic
intussusceptions.

Computed tomography of an enteroenteric
intussusception reveals a characteristic target
lesion containing an intraluminal soft tissue
tumor (intussusceptum), asymmetric mesen-
tery, and, at times, a dilated intussuscipiens 
(Fig. 4.25). When imaged along its long axis, an
intussusception has more of a sausage-shaped
appearance. Occasionally CT also defines an
underlying lead point.

The US appearance of an uncomplicated
enteric intussusception is that of a target lesion.

Fluid within bowel provides intrinsic contrast
for T2-weighted MRI. A bowel-within-bowel or
coiled spring appearance is seen on both axial
and coronal images.

Gallstone Ileus

Most gallstones impact in the distal ileum (not
in the terminal ileum). The next most common
site is in the duodenum (discussed in Chapter
3), and the least common is colonic obstruction,
where it occurs proximal to a stricture.

A typical clinical scenario is the elderly
woman with no previous abdominal surgery
presenting with small bowel obstruction. At the
other extreme, gallstone ileus has been detected
even in a teenager.

Gallstone ileus is often suspected from a con-
ventional radiographic examination. The classic
Rigler triad consists of small bowel obstruction,
biliary tract gas, and a distal small bowel calcifi-
cation, although all three findings are uncom-
mon in any one patient. Similar findings are also
evident with CT, and preliminary data suggest
that CT allows a more confident diagnosis.

Abdominal US detects small bowel obstruc-
tion and does locate an ectopic gallstone in
some patients.

Mortality with gallstone ileus remains high,
partly due to an often late diagnosis, aged
patient population, and frequently coexisting
other medical problems.

Foreign Body

Gastrointestinal foreign bodies are encountered
in both children and adults (Fig. 4.26). A major-
ity pass spontaneously without complications.

Small bowel bezoars are less common than
gastric ones. Risk for bezoars increases after
vagotomy and partial gastric resection. An
unusual small bowel obstruction developed
during enzymatic treatment for a gastric 
persimmon bezoar (108). Conventional radi-
ographs simply suggest bowel obstruction
without identifying a bezoar. Some bezoars
contain sufficient gas to suggest pneumatosis
intestinalis. A barium study identifies the intra-
luminal bezoar. Computed tomography findings
consist of an intraluminal heterogeneous soft
tissue tumor, often containing focal gas.

Figure 4.25. Jejunojejunal intussusception in a child. Transverse (A) and longitudinal (B) images identify the intussusception
(arrows). Barium outlines the intussusceptum. (Courtesy of Luann Teschmacher, M.D., University of Rochester.)

A B
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A trichobezoar is an uncommon cause of
small bowel obstruction. Most are suggested by
conventional radiography or a barium study
and further imaging is not warranted.

Retained surgical gauze eventually becomes
encased in a fibrotic mass that can lead to small
bowel obstruction or a fistula and mimic a neo-
plasm. In a region of the world endemic for
tuberculosis, a retained surgical sponge simu-
lated intestinal tuberculosis (109). Retained sur-
gical staples are generally of little significance,
although when incorporated in an adhesion
they appear next to an obstruction. Occasionally
a severed gastrostomy tube obstructs the small
bowel.

The current popularity of a high-fiber diet is
also not without risk. Thus in one patient recur-
rent small bowel ileus was caused by ingestion
of high-fiber canned asparagus (110).

Other Obstructions

Acute sigmoid diverticulitis is a not uncommon
cause of small bowel obstructions; a loop of
small bowel becomes trapped by focal
inflammation or simply becomes adynamic.

Any intramural infiltration sufficient to
narrow the lumen eventually leads to lumen
obstruction. Similar to the duodenum, intra-
mural hemorrhage or a hematoma can obstruct
the jejunal or ileal lumen; these obstructions
tend to be transient, and they clear as a
hematoma resolves.

Small bowel obstruction is a rare but major
complication during pregnancy. As in the
general population, those women who have had
previous abdominal surgery are at increased
risk of developing a small bowel obstruction.

Eosinophilic gastroenteritis–associated
bowel stenosis is a rare cause of small bowel
obstruction.

Therapy

Once appropriate imaging studies are obtained
and an obstruction diagnosed, an indwelling
catheter is useful in decompressing the small
bowel; this should make the patient more 
comfortable and aid the return of bowel 
function.

Some surgeons claim a purported therapeu-
tic effect by hyperosmotic water-soluble con-
trast in relieving small bowel obstructions,
but radiologists generally scoff at such claims.
A prospective, randomized study of patients 
with suspected postoperative small bowel
obstruction comparing the effect of instilling
100 mL of a hyperosmotic water-soluble con-
trast agent via a nasogastric tube found no dif-
ference in length of hospital stay or in the rate
of complications, whether a contrast agent was
used or not (111).

Traditionally, patients with an unresolving
small bowel obstruction underwent a laparo-
tomy. Laparoscopic therapy of small bowel
obstruction is also performed, especially in a
setting of postoperative adhesions.

Adynamic Ileus
Acute

Peritoneal inflammation, either primary or sec-
ondary, leads to bowel paralysis. The resultant
adynamic ileus ranges from focal (sentinel
loop) to generalized and involves both the small
and large bowel. Some surgeons attempt to dis-
tinguish between a normal postoperative ileus
and adynamic ileus. Most radiologists consider
these to be the same entity.

Ingestion of certain raw foods induces 
adynamic ileus. In Japan, adynamic ileus devel-
oped in some patients after eating raw squid
(112); the squid contained a specific type of

Figure 4.26. A swallowed tube-like foreign body contains con-
trast (arrow). (Courtesy of Algidas Basevicius, M.D., Kaunas
Medical University, Kaunas, Lithuania.)
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larva.Acute small bowel angioneurotic edema is
also a cause of adynamic ileus.

Acute adynamic ileus can generally be sus-
pected from conventional radiographs; both the
small bowel and colon are dilated. Superficially,
distal colonic obstruction and an incompetent
ileocecal valve mimic these findings.

Chronic (Pseudo-Obstruction)

Chronic adynamic ileus, also called intestinal
pseudo-obstruction, is not a single entity but an
intestinal condition associated with a number of
neuropathies and myopathies. Familial visceral
neuropathy results in chronic myenteric plexus
destruction leading to poor motility and bowel
distention on a chronic basis. Myotonic muscu-
lar dystrophy and familial visceral myopathy
involve intestinal smooth muscle and lead to
small bowel dysmotility and distention (Fig.
4.27). Endoscopic biopsy is generally not helpful
in these patients because abnormalities are in
the external muscle layers. Barium contrast
studies are often necessary to exclude mechani-
cal obstruction.

At times intestinal pseudo-obstruction is
associated with an underlying neoplasms, such
as lung carcinoma or carcinoid, with the intes-
tinal dilation presumably secondary to a para-
neoplastic process. In some patients intestinal
dysmotility resolves after tumor resection.
Intestinal pseudo-obstruction and a secretory
diarrhea were the initial presentation in a man
found to have Crohn’s disease (113).

Infants with fetal alcohol syndrome develop
intestinal pseudo-obstruction, probably due to
an enteric neuropathy.

Various radiopaque markers have been used
to measure small bowel transit time, but they
have achieved limited clinical application.
Gastric emptying, small bowel transit and
colonic transit can be combined into a single
scintigraphic whole-gut transit time study. The
clinical relevance of such a test, however, is not
clear.

Therapy with erythromycin and cisapride are
often effective therapies in this condition.

Systemic Sclerosis (Scleroderma)
Systemic sclerosis is readily differentiated from
celiac disease. In the latter entity the duodenum
tends not to be dilated, close to normal small
bowel motility is evident, dilation involves 
primarily the distal small bowel, and more
intraluminal bowel content is present—findings
differing from those seen in systemic sclerosis.

Some patients with systemic sclerosis develop
pneumatosis cystoides intestinalis and even
idiopathic pneumoperitoneum. Although a de
novo pneumoperitoneum usually suggests a
surgical abdomen, some of these patients are
managed medically. Nevertheless, an autopsy
study of patients with systemic sclerosis found
bowel perforation to be more common than
expected (114); these perforations ranged from
the esophagus to colon, with some being ini-
tially silent. The authors suggest that the bowel
wall in these patients is inherently weak, and
cautioned physicians performing invasive pro-
cedures to keep this in mind.

Other Disorders
Collagenous sprue mimics celiac disease both
clinically and radiologically. Duodenal and

Figure 4.27. Familial oculo-intestinal myopathy in a 21–year-
old patient. Enteroclysis reveals marked bowel hypotonia. The
bowel wall is of normal thickness. (Courtesy of Arunas Gas-
paraitis, M.D., University of Chicago.)
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jejunal biopsies reveal villous atrophy in both
entities, but in collagenous sprue collagen is
deposited in small bowel lamina propria.

The small bowel is not a major target organ
in Chagas disease. An occasional patient devel-
ops marked jejunal dilation due to stasis, bacte-
rial overgrowth, and resultant malabsorption.

The small bowel appearance in dermato-
myositis is similar to that seen in sprue,
although findings in sprue tend to be more
striking.

Ehlers-Danlos syndrome is an inherited con-
nective tissue disorder resulting in skin hyper-
extensibility, articular hypermobility, and tissue
fragility. The bowel is dilated. These patients are
prone to developing intestinal hemorrhage and
bowel perforation.

Generally a carbon-14 D-xylose breath test is
used in patients with suspected small bowel
bacterial overgrowth. One limitation of this test
is that in individuals with gastrointestinal
motor dysfunction, delayed gastric emptying
tends to prevent carbon-14 D-xylose from
reaching the small bowel loops involved by bac-
terial overgrowth and thus results in a negative
test. A liquid phase gastric emptying test per-
formed at the same time as D-xylose test cor-
rects for gastric stasis.

Perforation/Fistula
Bowel perforation and resultant peritonitis is
discussed in Chapter 14.

Migration of a biliary stent into the small
bowel is generally of little consequence; rarely,
it has led to small bowel perforation.An uncom-
mon cause of bowel perforation is a suction
biopsy. A swallowed toothpick or sharp bone
can lead to small bowel perforation. Some per-
forations seal over spontaneously and have few,
if any, sequelae; others develop into peritonitis
or an abscess.

Pneumoperitoneum is the classic sign of
bowel perforation. As is well known, not all 
perforations result in a pneumoperitoneum;
intraperitoneal fluid is more common. Com-
puted tomography visualization of bowel wall
discontinuity at a perforation site is rare. Oral
contrast extravasation likewise is rarely
identified, although renal excretion after oral
administration of a water-soluble contrast agent

should raise suspicion of bowel perforation. A
caveat: in some patients orally ingested water-
soluble contrast is absorbed from normal bowel.
Nonabsorbable barium contrast agents are not
used in a clinical setting of suspected acute
bowel perforation.

A fistula involving the small bowel can
develop to any adjacent structure. In adults
most fistulas are secondary to either prior
surgery or Crohn’s disease. Less often a small
bowel malignancy or disorders in adjacent
structures lead to a fistula. A small bowel fistula
to bone results in osteomyelitis.

Subtle small bowel fistulas and sinus tracts
are best studied with enteroclysis.

Most enterocutaneous fistulas are initially
managed medically. Fluoroscopically guided
fistulous tract and associated bowel catheteriza-
tion should be considered for those not healing;
eventual fistula closure can be achieved in most.
Several chronic enterocutaneous fistulas were
successfully treated by injecting biologic glue
(N-butyl-2-cyanoacrylate-histoacryl) into the
fistulous tract (115).

Diverticula
Meckel’s diverticula were discussed earlier (see
Congenital Abnormalities).

Jejunal and ileal diverticula are not rare. Most
are innocuous and considered to be incidental
findings (Fig. 4.28). An occasional diverticulum
will bleed (at times massively), perforate, or
even obstruct the small bowel. A rare diverticu-
lum evolves into diverticulitis or an intra-
abdominal abscess, involves extraperitoneum
structures, or develops into an abdominal wall
abscess. Clinically, ileal diverticulitis mimics
appendicitis.

Tumors, including adenocarcinomas and sar-
comas, do develop in diverticula; both barium
studies and CT detect them, if they are large
enough.

Both small bowel and colonic diverticula are
more prevalent in patients with connective
tissue disorders such as Marfan’s syndrome and
Ehlers-Danlos syndrome. These patients also
develop diverticula-related complications.

Occasionally detected is extensive diverticu-
losis of the entire small bowel. Stasis, bacterial
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overgrowth, and resultant malabsorption
develop in these patients.

Pneumatosis Intestinalis
Intramural bowel gas (and it is a gas, not air) is
called pneumatosis intestinalis, an uncommon
condition. These gas collections range from a

linear, oval, to a round appearance, either sub-
mucosal or subserosal in location. It should be
emphasized that pneumatosis intestinalis is a
sign rather than a specific disease and is found
in a number of benign and serious conditions
(Table 4.9). Some authors, however, limit use of
the term pneumatosis cystoides intestinalis to a
benign condition.

The most ominous cause of pneumatosis
intestinalis is bowel ischemia; in adults a poor
prognosis is suggested if both pneumatosis
intestinalis and portal venous gas are detected.
In the pediatric age group, however, a benign
course occasionally ensues for pneumatosis
intestinalis associated with gas in both the
portal vein and systemic veins.

Little in the imaging appearance of pneu-
matosis intestinalis allows one to suggest an
underlying cause. Thus benign pneumatosis
and pneumatosis due to bowel ischemia have a
similar appearance. In a minority of patients
with benign pneumatosis, imaging also reveals
a pneumoperitoneum, presumably secondary to
rupture of some of the gaseous blebs.

Pneumatosis intestinalis is readily diagnosed
with conventional radiography. With CT, differ-
entiation of colonic pneumatosis involving the
left colon from diverticula can be difficult. In
general, CT lung windows should be used to
detect pneumatosis. Magnetic resonance
findings consist of circumferential collections of
gas next to or intramural in location; such 
collections are easier to see with gradient echo
images.

Vascular Lesions (Bleeding)
If the underlying condition cannot be other-
wise corrected, the therapeutic procedure of
choice in controlling an acute hemorrhage 
often is percutaneous transcatheter vascular
embolization. A variety of embolization materi-
als are in use.

Etiology
The list of conditions responsible for life-
threatening gastrointestinal hemorrhage is
legion (Table 4.10). Discussed here are only
those conditions not covered in other sections.

Figure 4.28. Jejunal diverticulosis. Numerous diverticula fill
with barium. (Courtesy of Arunas Gasparaitis, M.D., University of
Chicago).

Table 4.9. Conditions associated with pneumatosis intestinalis

Bowel ischemia
Adults with chronic obstructive pulmonary disease
After endoscopic biopsies
Progressive systemic sclerosis and chronic

granulomatous disease
Systemic amyloidosis
Myotonic dystrophy
Drug therapy with steroids, chemotherapy
Immunosuppression and immunodeficiency states
Cryptosporidiosis infection in AIDS patients
Following surgical handling of bowel
After jejunoileal bypass surgery and organ

transplantation
With malignancies such as leukemia and lymphoma
Associated with gastric ulcer, bowel carcinoma and

metastatic disease
In infants with necrotizing enterocolitis
In infants with pyloric stenosis
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Aneurysm

Arterial aneurysms do rupture into the small
bowel. Angiography or CT should detect them
and, during active bleeding, occasionally even
identify contrast extravasation into the small
bowel lumen.

Neoplasms

Almost any small bowel neoplasm will bleed
either acutely or on a chronic basis. Some of
the rarer neoplasms associated with bleeding
include:

Small bowel hemangioendotheliomas: They
typically manifest through bleeding or, less
often, abdominal pain.

Small bowel angiosarcomas: These bleed,
ulcerate, or even obstruct. Barium studies
and CT should detect these tumors once
they reach a certain size. Because of the
intermittent nature of bleeding with these
highly vascular tumors, scintigraphy may
be negative.

Angiodysplasia

The prevalence of angiodysplasia increases 
with age; most are acquired.An increased preva-
lence is found in patients with renal failure, von
Willebrand’s disease, aortic stenosis, pulmonary
disease, and cirrhosis, although in some patients

such an association is fortuitous. The prevalence
is difficult to estimate; often bleeding from an
unknown site is ascribed to small bowel
angiodysplasia. Angiography detects some
angiodysplasia and some are identified by the
pathologist, but some are undoubtedly missed
because the involved vessels collapse in resected
bowel.

If detected by imaging, most angiodysplasias
are resected. As an aid to the pathologist,
intraarterial injection of a low-viscosity barium
sulfate suspension or a dye and water-soluble
contrast agent mixture into a resected specimen
should reveal any dilated vessels.

Telangiectasia

Telangiectasias of the small bowel are un-
common. Multiple telangiectasias should sug-
gest Osler-Weber-Rendu disease even in the
absence of characteristic skin and mucous
findings. These lesions are responsible for
chronic bleeding.

Varices

Small bowel varices are rare. Some are due to
portal hypertension and unusual drainage path-
ways; thus an occasional varix is encountered in
the ileum. Varices also develop secondary to an
extensive arteriovenous shunt, such as a large
hemangioma. Stomal varices have developed at
an ileostomy.

Similar to other sites, small bowel varices 
are identified by superior mesenteric angiogra-
phy or percutaneous transhepatic mesenteric
venography if access to the site of varices can be
achieved.

Small bowel varices have been treated by per-
cutaneous transhepatic embolization, using a
transjugular approach, or portosystemic shunt-
ing if they are due to portal hypertension.

Dieulafoy Lesion

Dieulafoy lesions were essentially unheard of in
the small bowel until the mid-1990s, when a
number of case reports were published. These
patients present with massive hemorrhage, and
most reports describe jejunal rather than ileal
Dieulafoy lesions.

Superior mesenteric angiography simply
detects a bleeding site and provides rough local-

Table 4.10. Causes of jejunal and ileal bleeding

Trauma
Infection
Crohn’s disease
Vascular causes

Ischemia
Angiodysplasia
Telangiectasia
Arteriovenous malformation
Dieulafoy lesion
Varices
Ruptured aneurysm
Hemangioma

Meckel’s diverticulum
Neoplasm
Other

Ectopic decidua
Bleeding disorder/overcoagulation
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ization. Intraoperative small bowel endoscopy is
helpful to locate the actual bleeding site.

Other

Extrauterine decidua rarely involves the bowel
wall. Occasionally such decidua bleed, with
bleeding usually intraperitoneal in location.
Intraluminal bleeding is unusual.

Bleeding Detection
Barium studies should detect a small bowel
tumor if the tumor is sufficiently large. Angiog-
raphy identifies extravasation if the bleeding is
brisk enough and, at times, reveals prominent
vasculature, both arterial and venous.

Most physicians encounter occasional
patients with intermittent bleeding who have 
a negative upper gastrointestinal, small bowel,
and colon workup for a bleeding site. One
approach in these patients is to provoke bleed-
ing with heparin and urokinase, followed by
scintigraphy and then mesenteric angiography
in those with positive scintigraphy. In 10 such
provocative bleeding studies, scintigraphy
detected hemorrhage in four and in two of these
a source was identified and treated with
embolization or surgery (116).

Computed tomography is not the primary
modality used to detect gastrointestinal hemor-
rhage. Anecdotal reports describe detection of
intraluminal contrast within the small bowel
during CT performed immediately after nega-
tive angiography. Such a study must be per-
formed without the use of oral contrast.

Some spontaneous intraluminal bleeding is
associated with an intramural hematoma. Com-
puted tomography initially reveals a hematoma
to be isodense to blood, but as a clot forms it
gradually becomes hyperdense; in time, with
clot lysis, its attenuation (density) decreases. A
noncontrast (neither oral nor IV) CT is pre-
ferred if intramural hemorrhage is suspected;
contrast tends to obscure a hyperdense
hematoma. The involved small bowel wall is
thickened and at times a halo containing a
hyperdense ring is detected. Lumen obstruction
ensues with sufficient intramural bleeding and
the more proximal small bowel dilates.

Intramural hemorrhage results in hyperin-
tense signals on precontrast T1- and T2-
weighted MR sequences.

Both colloid and red blood cell scintigraphy
detect bleeding sites, although sensitivity of
Tc-99m–red blood cell scintigraphy is higher.
Especially if upper gastrointestinal sources of
bleeding have been excluded by other tests, a Tc-
99m–red blood cell scan is very reliable in iden-
tifying small bowel bleeding. Occasionally a
bleeding site is detected only on dynamic blood
flow studies and a first set of static images; peri-
stalsis prevents identification of a bleeding site
on subsequent images.

Criticism of the use of scintigraphy exists. In
a surgical study from a community hospital,
scintigraphy localized an exact bleeding site in
only 19% of patients (117); confirmation of an
actual site of bleeding was either at surgery or
endoscopy. These results do not reflect conclu-
sions reached in most published studies.

In some patients with known bleeding and a
negative scintigraphic study within the first
several hours, a conservative medical manage-
ment approach appears appropriate.

Even if angiography does locate a site of hem-
orrhage, a surgeon still has to find the site in the
small bowel. In such a setting a highly selective
angiographic catheter left in place after angiog-
raphy, with subsequent intraoperative methyl-
ene blue dye injected through the catheter, is
useful to the surgeon in locating the site of
bleeding.

Immunosuppression
AIDS
A majority of AIDS patients developing diar-
rhea are infected with enteric pathogens. Some
specific infections tend to be more common in
certain geographic regions. For instance, the
intracellular protozoan Leishmania donovani is
common in the Mediterranean basin and is one
of the infections often detected in HIV-positive
patients in that region. Cryptosporidial oocyst
infection involves primarily the proximal small
bowel. Several AIDS patients developed pneu-
matosis intestinalis and cryptosporidiosis infec-
tion and the association appears to be more
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than coincidental. Mycobacterium avium intra-
cellulare infection results in extensive adenopa-
thy. Small bowel perforation has developed due
to M. tuberculosis in HIV-infected patients.
Pneumocystis carinii bowel infection leads to
lumen obstruction and bleeding. Ileal actino-
mycosis has been described in an AIDS patient
(118). Two or more coexisting organisms are
common in these patients.

Gastrointestinal lymphoma in AIDS patients
is an aggressive tumor associated with a poor
prognosis. These lymphomas develop anywhere
from the esophagus to the colon; a polyposis-
like appearance is not uncommon. A more
unusual lymphoma presentation was as an
ulcerated tumor in a Meckel’s diverticulum
(119).

Patients with AIDS develop nonspecific small
bowel ulcers. These ulcers, also occurring in the
oropharynx and esophagus, appear to be caused
directly by the HIV itself. The ulcers tend not to
become stenotic, which is in contradistinction
to idiopathic ulcers in non-AIDS patients. Some
small bowel ulcers are also secondary to super-
imposed infection and necrotic tumors.

Graft-Versus-Host Disease

Two types of bowel complications predominate
after bone marrow transplantation, namely
either a superinfection or acute graft-
versus-host disease. The presence of both 
complications signifies an especially ominous
prognosis.

Graft-versus-host disease generally manifests
within several months after allogeneic bone
marrow transplantation, with the gastroin-
testinal tract being a primary target organ. Ini-
tially it manifests as thickening of valvulae
conniventes, followed by diffuse bowel wall
thickening and resultant featureless tube-like
lumen narrowing, a “pipestem” appearance, and
separation of bowel loops (Fig. 4.29). At times
CT reveals marked contrast enhancement, a
pattern also seen with some superimposed
infections and other infiltrating or ischemic
conditions. Acute gastrointestinal graft-
versus-host disease in adult allogeneic bone
marrow transplant recipients occurs with 
about the same frequency as gastrointestinal 
infections.

Figure 4.29. A: Graft-versus-host disease after bone marrow transplant. B: Viral gastroenteritis in a bone marrow transplant patient.
The two conditions have a similar imaging appearance.

A B
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Occasionally massive hematochezia develops
secondary to either graft-versus-host disease or
viral gastroenteritis.

CT detects small bowel wall thickening,
engorgement of vasa recta and mesenteric fat
stranding (120); ascites, periportal edema and
mucosal contrast enhancement are evident in
some patients. Fluid-filled, dilated bowel is
common proximal to segments of bowel wall
thickening. Bowel wall thickening is related to
more severe graft-versus-host disease. Some
patients exhibit a thin, enhancing mucosal layer
which histologically consists of vascular granu-
lation tissue.

A rare bone marrow transplant patient
exhibits prolonged oral barium sulfate adher-
ence to small bowel mucosal, at times for several
weeks a finding probably related to severe
mucosal disease resulting in a  denuded mucosa
and barium crystals being trapped within
lamina propria.

Magnetic resonance reveals diffuse bowel
wall thickening and increased postcontrast
bowel wall enhancement (121).

Diffuse invasive gastrointestinal candidiasis
presented as adynamic ileus after bone marrow
transplantation (122).

Other
A subset of liver and kidney transplant patients
develops inflammatory bowel disease while
undergoing immunosuppression; histology is
consistent with either ulcerative colitis or
Crohn’s disease. Usually the colon is involved,
but some patients have small bowel disease.
Some respond to maintenance therapy, but
others require a colectomy. Although inflamma-
tory bowel disease in these patients may be for-
tuitous, the onset and progression of disease
while already immunosuppressed is surprising.

Postoperative Changes
Small Bowel Transplantation
Small bowel transplantation is lifesaving in
those unable to tolerate chronic total parenteral
nutrition. Transplantation is performed either
only with small bowel or together with colon,

liver, or even several organs. The current indi-
cations for small bowel transplantation include
short-bowel syndrome, severe intractable diar-
rhea, cancer, and severe intestinal pseudo-
obstruction. Many of these patients have been
on prior chronic parenteral nutrition.

Graft rejection rates appear lower if com-
bined liver and small bowel grafts are per-
formed rather than an isolated bowel
transplant.

For Obesity
Instead of a gastric bypass, pancreaticobiliary
diversion is an alternative procedure for obesity.
It consists of a distal gastrectomy, gastroen-
terostomy, and a Roux-en-Y enteroenterostomy.
The enteroenterostomy is created closer to the
ileocecal valve than to the stomach.

One complication is obstruction of the pan-
creaticobiliary loop. It results in a dilated, fluid-
filled segment that is difficult to identify with
conventional radiography. Computed tomogra-
phy or MR should be diagnostic.

Currently a jejunoileal bypass is rarely per-
formed. In the occasional such patient where
bowel visualization is desired, either a conven-
tional antegrade barium study or enteroclysis
defines the in-continuity small bowel but not
the excluded loops. With an end-to-end
jejunoileostomy and an end-to-side ileosigmoid
colostomy of the excluded segment, a barium
enema at times defines varying lengths of
excluded ileal segment. Such an approach is not
feasible with an isoperistaltic end-to-side
jejunoileostomy. Computed tomography with
axial reconstructions appears reasonable to 
help define bypassed segments, but little in the
literature provides guidance for such an
approach.

Examination and Surgical
Complications
Ileostomy
The most common site of obstruction after
ileostomy construction is at the ileostomy site.
A digital examination identifies most of these
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obstructions. If needed, a retrograde barium
study evaluates the extent of the obstruction.

Short Bowel Syndrome
How short must the small bowel be before a
patient develops a short bowel syndrome is
difficult to predict.A minimum remaining small
bowel length of about 150 cm appears to prevent
malabsorption. The remaining length needed to
prevent small bowel syndrome also depends on
the duration of prior parenteral nutrition.

Isoperistaltic colon interposition is occasion-
ally used to treat short bowel syndrome. The
interposed colonic segment functions primarily
by slowing intestinal transit. Of interest is that
although the interposed colon shows no gross
small bowel intestinalization, it adapts by taking
on some small bowel features such as an in-
crease in crypt depth and mucosal thickness.

Ileal Pouch
An ileal pouch to anal anastomosis is the oper-
ation of choice in patients undergoing a proc-
tocolectomy either for ulcerative colitis or
familial polyposis. On a long-term basis the ileal
pouch mucosa undergoes metaplasia and tends
to mimic colonic mucosa. A late complication is
inflammation of this pouch, or pouchitis. Of
interest is that pouchitis almost always occurs 
in patients who had prior ulcerative colitis;
presumably such pouchitis represents recurrent
ulcerative colitis.

Both a temporary ileostomy and an ileoanal
anastomosis are created after a total procto-
colectomy. Prior to subsequent ileostomy take-
down, pouchography is generally performed 
to evaluate the ileoanal anastomotic integrity.
Disruption of the ileoanal anastomosis as
detected by pouchography, is a sensitive but not
specific predictor of subsequent sepsis.

A rare complication of total proctocolectomy
and ileal pouch formation is duodenal com-
pression due to superior mesenteric artery 
syndrome.

Catheter Related
A spontaneous knot in a transgastric jejunos-
tomy tube has been reported (123).
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Technique
Barium Enema
Contrary to the opinion of some computed
tomography (CT) and magnetic resonance
imaging (MRI) enthusiasts, a double-contrast
barium enema continues to be a viable option
in a setting of suspected colitis, colorectal
cancer screening and detection, and follow-up
after therapy. Similarly, it is a sad reflection on
medical practice that occasionally a statement
still appears in print that barium sulfate is toxic
to the colon (1).

One of the present indications for a barium
enema is failed colonoscopy, although in some
centers CT colonography is gaining ground 
and magnetic resonance (MR) virtual colono-
scopy is on the horizon. An obvious concern 
in performing any enema shortly after failed
colonoscopy is risk of perforation. Contrary to
the experience of some investigators, the author
has found barium enemas performed on the
same day as colonoscopy to be mostly unsatis-
factory; invariably the patient is “tired out” from
the colonoscopy, has difficulty cooperating,
excessive colonic spasm is often encountered,
and residual fluid interferes with mucosal
coating. A formal air contrast barium enema,
performed a week or so later, tends to be of
superior quality.

Proctography

Evacuation proctography, a dynamic imaging
modality, evaluates functional and morphologic
abnormalities of the anorectal region. This
examination, also called dynamic proctography
or defecography, requires specially adopted
fluoroscopic equipment, including rapid
filming, that is not available in many radiology
departments. It has a role in evaluating unex-
plained constipation, incontinence, rectal pro-
lapse, and rectal pain. It evaluates the presence
or absence of a sigmoidocele, rectocele, rectal
prolapse, puborectalis muscle contraction, anal
canal opening, changes in anorectal angle, and
rectal emptying. Resultant findings appear to be
independent of contrast agent viscosity used.

Pre- and postproctography questionnaires 
by referring clinicians revealed that clinicians
found this study of major benefit in 40% and of
moderate benefit in 40% (2); the primary diag-
nosis was changed in 18% of patients, intended
surgical management became nonsurgical in
14%, intended nonsurgical therapy became sur-
gical in 4%, and type of surgery contemplated
changed in 10%.

Although detailed and precise anatomic
measurements are possible with this study, their
clinical relevance is still not clear. In particular,
the borderland between normal and abnormal
is poorly defined. Lack of confidence in some 
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of the findings becomes evident after patient
symptoms persist following surgical correction
of an alleged abnormality.

Computed tomographic proctography is fea-
sible, but rarely performed. The study is per-
formed with the patient seated; coronal images
aid in outlining perineal floor muscles. Sagittal
reconstruction allows comparison with conven-
tional proctography.

An open configuration MR system allows
image acquisition with the patient in a vertical
position. Anorectal angle changes, anal canal
function, puborectalis muscle configuration,
and pelvic floor dynamics are evaluated at rest
and during straining (3). Even if an open MR
unit is not available, conventional procto-
graphy is gradually being replaced by pelvic 
floor MRI using an endoanal coil. Suspected 
fistulas, sphincter lacerations, rectoceles, tumor
invasion by low rectal carcinomas, and other
pelvic floor disorders are imaged in detail 
with this technique. Currently this is considered
to be the most accurate imaging test of distal
perirectal structures, especially the external
sphincter.

Two approaches are possible for MR rectal
studies: either rectal distention with fluid and
use of a surface coil or no distention and use of
a rectal MR coil. More studies have addressed
the latter technique, but advances in hardware
and software design make it difficult to predict
which path will be superior. One technique con-
sists of opacifying the rectum with 200 mL of an
ultrasonography (US) gel and obtaining a single
sagittal T2-weighted gradient echo sequence
through the rectum (4); with a 1.5-T MR unit, a
temporal resolution of 1.1 second is obtained,
allowing imaging at rest and during straining
and evacuation.

Using a surface coil in the anal canal,
endorectal MRI appears superior to endorec-
tal US in visualizing the external sphincter,
although internal sphincter lesions are better
evaluated with endorectal US (5).

Colonoscopy
Conventional

The prevalence of incomplete colonoscopy
varies considerably among endoscopists and
institutions, ranging from several percent up to
one third of studies. A majority of incomplete

colonoscopies are in women. A prior abdominal
hysterectomy is associated with a higher rate of
incomplete colonoscopy.

Complete colonoscopy consists in visualiz-
ing cecal landmarks, an elusive task in some
patients. Attempts to provide photographs of
cecal landmarks have met with limited success.
Experienced endoscopists display consider-
able disparity in deciding whether complete
colonoscopy had been performed when review-
ing photographs of cecal landmarks (6).

The polyp miss rate of colonoscopy was esti-
mated by performing two consecutive back-to-
back colonoscopies on the same day (7); overall
polyp miss rate was 24%, being 27% for polyps
£5 mm, 13% for lesions 6 to 9 mm, and 6% for
those ≥1 cm. The miss rates for small polyps
occurred among essentially all endoscopists.

Polyp size is routinely estimated by endo-
scopists. Because of endoscopic lens system 
limitations, apparent measurements tend to be
smaller than actual. Lesions in the periphery of
the field of view are smaller than in the center.
Likewise, size varies with depth of view. Com-
paring magnified radiographic polyp measure-
ments (which are magnified due to inherent
focus-object-film geometry) with the minified
endoscopic appearance results in considerable
discrepancy.

Laser fluorescence spectroscopy performed
during colonoscopy has detected colonic dys-
plasia with a claimed sensitivity and specificity
of over 90% (8).

Computed Tomographic Colonography

The introduction of multidetector CT opened
possibilities for complex three-dimensional
(3D) colon studies, allowing the entire abdomen
and pelvis to be covered with a slice thickness
of <3 mm in under 30 seconds, allowing single
breath-hold scanning. An effective slice thick-
ness approaching 1 mm should, in theory, detect
all relevant polyps. Once lumen distention is
introduced, one is well on the road toward CT
detection of colon neoplasms. Yet although 
multiple publications have established the fea-
sibility of screening CT colonography, its role
remains undefined.

The terms CT colonography, CT colonoscopy,
and virtual colonoscopy have often been used
interchangeably to describe a global examina-
tion designed to detect colonic tumors regard-
less of specific images obtained. Computed
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tomographic colonography appears to better
describe this procedure, but virtual colonoscopy
is ingrained in the literature, although a trend
has developed to use CT colonography for a
global examination consisting of narrow colli-
mation data reconstructed to various combina-
tions of 2D multiplanar reformatting and 3D
images and to limit the term virtual colonoscopy
to specific colonoscopy-like images. Hydro-CT is
a less often used term to describe colonic dis-
tention with fluid during a CT study.

Currently CT colonography is a viable alter-
nate after failed or incomplete conventional
colonoscopy. Residual colonic distention is ade-
quate in many patients when CT is performed
shortly after incomplete colonoscopy, but addi-
tional air insufflation is often helpful. Indica-
tions for CT colonography have expanded
considerably and in some centers it has mostly
replaced conventional colonoscopy for polyp
detection, leaving the latter modality for
therapy of detected polyps.

Technique

Although CT colonography is generally
regarded as a technically easy study, interpreta-
tion requires a steep learning curve. Data eval-
uation time and number of false positive
findings decrease with experience. Similar to a
barium enema, a colon-cleansing regimen is
required with most current CT colonography
techniques. Numerous false positives ensue if
residual stool is present, thus emphasizing the
importance of a colon-cleansing regimen, a
difficult task in most practices. One study
achieved ideal bowel preparation in only 19% of
200 patients (9). The two bowel preparations
commonly employed are a polyethylene glycol
electrolyte (“wet”) solution or a phospho-soda
(“dry”) preparation, both given the day prior to
CT colonography. Polyethylene glycol elec-
trolyte solution results in considerably more
bowel residual fluid.

Current limitations of CT colonography
include fluid retention and inadequate luminal
distention due to spasm. Similar to a barium
enema, polyps tend to be missed if the lumen is
not distended. Spasm is minimized by judicious
use of an antispasmodic agent. Problems inher-
ent with fluid retention are partly overcome 
by performing the study with the patient both
prone and supine, at the expense of doubling the
radiation dose. Nevertheless, acquisition and

review of supine and prone images significantly
increase polyp detection sensitivity (10), and
the trend is to use both positions.

Ingestion of oral contrast agents is generally
considered inadequate preparation for CT
cancer detection. In practice, colonic lavage
combined with oral barium contrast for stool
tagging and oral iodinated contrast for elec-
tronic fluid marking are useful techniques. A
viable option consists of oral contrast combined
with laxatives in frail, elderly patients who do
not tolerate more vigorous CT colonography or
a barium enema, realizing that this technique
detects only more bulky tumors.

Air is commonly used to distend the lumen.
Carbon dioxide is an alternative agent but 
the relative merits of one over the other are
arguable. Adequacy of distention is evaluated
with a CT scout image.With newer CT scanners,
if a study is being performed for suspected
colitis, especially ischemic colitis, some authors
find little advantage for intraluminal contrast.

As an aside, a tap-water enema is often
administered if colon visualization is desired
during abdominal CT examination. Comparing
water, methylcellulose, and ultrasound gel as
multislice CT rectal contrast agents, methylcel-
lulose was significantly superior to ultrasound
gel in differentiating normal from diseased
bowel (11); although better rectal distention 
was achieved with methylcellulose and ultra-
sound gel, superior more proximal colon dis-
tention was obtained with water. Of these 
three agents, the authors recommend rectal
methylcellulose.

Computed tomographic colonography with
multidetector CT results in significantly 
better colonic distention and yields fewer respi-
ratory artifacts compared to single-detector CT.

Computed tomographic colonography is a
viable alternate after failed or incomplete con-
ventional colonoscopy. A prospective study of
patients performed within 2 hours of incom-
plete colonoscopy found that although residual
colonic distention was adequate in most
patients, additional air insufflation significantly
increased colon distention (12).

Once patient scanning is completed, the data
are transferred to a workstation for analysis.
These are complex examinations, and hundreds
of images are generated in transverse, multi-
planar reformatted, and 3D endoluminal
modes. The relative advantages of axial, coronal,
2D, and 3D display techniques are still evolving;
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in some patients several techniques are neces-
sary to adequately visualize the entire colonic
wall. A typical practice is to use primarily 2D
multiplanar reformatted imaging for analysis
and reserve 3D imaging for specific problems;
endoluminal views appear necessary to differ-
entiate polyps from folds. Several commercial
3D endoluminal volume rendering and naviga-
tional systems are available and further
improvements are to be expected. Adding color
(translucency rendering) to 3D aids in ruling
out false polyps (13). Interpretation of 2D
images is faster; on the other hand, navigation
with 3D endoluminal imaging mimics the con-
ventional colonoscopic appearance (Fig. 5.1). A
panoramic view perpendicular to the centerline
is also feasible, with sequential panoramic video
views scanning the colon surface.

Results

Polyp detection sensitivity varies depending on
scanning and image reconstruction parameters
employed and on polyp size. No consensus
exists on preferred viewing modes. For larger
polyps a panoramic display results in greater
sensitivity than a virtual endoluminal display
and 3D displays are more sensitive than 2D dis-

plays. Experienced abdominal radiologists
achieve similar polyp detection rates using 2D
multiplanar reformation and 3D display tech-
niques (14). Computed tomography colonogra-
phy using axial 2D data and a cine mode and 3D
“fly-through” with surface-rendered and multi-
planar reformatted images identified the same
number of polyps with both techniques (15). A
metaanalysis of reported accuracy of CT
colonography found a pooled per-patient sensi-
tivity for polyps >10 mm to be 88%, for polyps
6–9 mm 84% and for polyps 5 mm or smaller
65% (16); per-polyp sensitivity for polyps
>10 mm was 81%.

CT colonoscopy perforation rates are low and
should be similar to those with a barium enema.
Rectal perforation is a potential complication
with blind air insufflation in a setting of more
proximal rectosigmoid obstruction.

Future Studies

Attempts to circumvent a colon cleansing
regimen are theoretically feasible by tagging
colonic content with ingested barium sulfate,
with subsequent digital subtraction of this
material. In patients with suspected or known
colonic polyps, sensitivity for identifying

Figure 5.1. A,B: Two views of three-dimensional (3D) computed tomography (CT) double-contrast virtual colonoscopy. Images can
be analyzed from any perspective in space. (Courtesy of Wolfgang Luboldt, M.D., Johann Wolfgang Goethe University, Frankfurt-am-
Main.)
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patients with polyps 1 cm or larger was 80% to
100% if these patients ingested multiple dilute
contrast doses over a prior 48 hours (17).

Using signal processing of CT colonography
data to identify tumors protruding into bowel
lumen, an automated polyp detection algorithm
achieved a 64% sensitivity for detecting polyps
10 mm or greater (18). Another approach is to
use tumor contrast enhancement superimposed
on a virtual double contrast and endoscopic
display (19) (Fig. 5.2). Shape-based polyp detec-
tion and polyp edge enhancement are helpful in
identifying polyps.

Teleradiology of CT colonography using
wavelet compression to 1 : 1, 10 : 1, and 20 : 1
ratios detected all lesions >10 mm for all com-
pression ratios, but sensitivities for smaller
lesions fell off with increasing compression
ratios (20).

A claimed advantage of CT colonography 
is that extracolonic abnormalities are also
detected. Among consecutive patients undergo-
ing CT colonography, important extracolonic
findings in 11% led to further imaging studies,
and as a result several patients underwent
surgery (21). Nevertheless, being designed for
optimal colonic imaging, CT colonography is
limited in evaluating solid organs (compared to
a fine-tuned CT study of a specific organ or
abnormality in question).

Magnetic Resonance Colonography

Similar to CT colonography, MR colonography
is feasible, with relative advantages of CT versus
MR colonography still evolving. Two broad
approaches are possible:

1. Bright lumen MR colonography relies on
colon filling with a paramagnetic contrast-
water enema and T1-weighted gradient-
recalled echo (GRE) single breath-hold
acquisition, which results in a hyperintense
luminal image, with other tissues being
hypointense. Multiplanar reformatted 3D
images and virtual colonoscopic images
are then obtained.

2. Dark lumen MR colonography obtained 
by colon filling with a tap-water enema,
which is hypointense on T1-weighted GRE
imaging and an intravenous paramagnetic
contrast agent to produce a hyperintense
colonic wall. A variant technique is to use
gas or air to distend the lumen; gas has no
signal.

Another technique consists of colonic disten-
tion with fluid and use of T2-weighted spin echo
(SE) imaging. The colon is studied both in cross
section and using a virtual intraluminal outline.
Often a coronal plane is useful.

Figure 5.2. Computer-aided polyp detection. A,B: Focal increased tumor perfusion after IV contrast can be automated to “detect”
potential neoplasms (arrow). (Courtesy of Wolfgang Luboldt, M.D., Johann Wolfgang Goethe University, Frankfurt-am-Main.)
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The disadvantages of the bright lumen tech-
nique include retained air bubbles, which mimic
polyps. Therefore, both prone and supine views
are necessary. Surface-rendered MR virtual
colonoscopic views, orthogonal sections and
water-sensitive single-shot fast spin echo (FSE)
MR images in patients (post–gadolinium-water
enema) achieved a 93% sensitivity and 99%
specificity in detecting tumors >10 mm (22). To
illustrate the complexity of these studies, they
often require instillation of a gadolinium-water
enema, prone and supine positioning, breath-
hold 3D spoiled gradient recalled echo (SGRE)
sequences and also 2D images pre– and
post–intravenous contrast, and, wherever neces-
sary, virtual intraluminal images.

Comparing manganese chloride, iron glyc-
erophosphate, and gadolinium-based enemas
for use in T1 shortening 3D GRE MR colonog-
raphy, the contrast-to-noise ratios for the iron
enema were highest (23); the authors suggest
replacing gadolinium with iron due to cost 
considerations.

Using a gadopentetate-water enema and
breath-hold 3D SGE sequences, a virtual
double-contrast display is achieved by calculat-
ing signal intensity differences between adja-
cent voxels and making adjacent voxels with
similar intensities lucent while adjacent voxels
with different intensities are made opaque (24);
the resultant colonic display can be magnified

and rotated around its axis for detailed study
from different planes (Fig. 5.3).

Some authors use the term hydro-MRI when
a water, saline, or some other contrast enema is
administered prior to MRI. Such an approach is
helpful when the study is performed primarily
for suspected colonic disease, and it is a step
toward formal MR colonography. Confusing the
issue is that hydro-MRI is also used by some
authors if oral water or contrast is ingested prior
to a MR small bowel study. Thus the type of con-
trast (including water and air) and route of
administration need to be specified. The term
double-contrast MR imaging is used by some
when both an MR contrast enema and an MR
intravenous (IV) contrast agent are employed.
Due to its ambiguity, it is probably best avoided.

A typical technique for colon neoplasms 
consists of breath-hold T2-weighted half-
Fourier acquisition single-shot turbo spin echo
(HASTE) and gadolinium-enhanced breath-
hold fat-suppressed T1-weighted SGE images
(25); inflammatory changes appear best on 
the gadolinium-enhanced breath-hold fat-
suppressed T1-weighted SGE images.

Air bubbles with the dark lumen technique
are hypointense and blend into the surrounding
hypointense water; thus only one patient posi-
tion is necessary, resulting in a shorter scan
time. Likewise, polyps enhance with IV contrast
and stool does not. Potentially, the dark lumen

Figure 5.3. A,B: Two 3D double-contrast MR virtual colonoscopy images. Visualization is similar to that obtained with CT (see Fig.
5.1). (Courtesy of Wolfgang Luboldt, M.D., Johann Wolfgang Goethe University, Frankfurt-am-Main.)
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technique is also useful to evaluate colitis
because of bowel wall enhancement.

Using lumen distention with CO2, breath-hold
single-shot FSE MRI performed during a CO2

enema in seven patients with known colon car-
cinoma detected cancers in all and correctly
identified tumor extension through muscularis
propria in four (26).

Colon cleansing is required with most of the
above methods. Similar to CT colonography, use
of an oral paramagnetic contrast agents to label
stool (called fecal tagging) in an unprepared
colon results in stool being hyperintense and
thus blending in with a bright lumen. Or,
concentrated oral barium sulfate, which is
hypointense and thus useful with a dark lumen
technique, is combined with IV gadolinium to
enhance the colonic wall and any associated
tumors (27). These MR stool-tagging techniques
are still in their infancy.

Ultrasonography
Compared to other intraabdominal sites, colon
US is rather limited. In some centers it has found
a niche in following patients with colonic
Crohn’s disease but appears less useful with
ulcerative colitis and diverticulitis. Its role in
pediatric intussusception reduction is well
established, less so in adult tumor detection and
staging. Ultrasonography findings are not
disease-specific. Also, in general, a negative US
examination does not exclude disease.

Colon US performed after a water enema is
called hydrocolonic sonography (occasionally a
methylcellulose-water mixture is used). Hydro-
colonic US does detect larger polyps but it is
very operator dependent and has been over-
shadowed by CT colonography.

Doppler US evaluates colonic blood flow.
Thus viability of an obstructed bowel segment
is suspected if Doppler US detects no blood
flow. Similarly, in inflammatory bowel disease
and in acute appendicitis Doppler flow through
a thickened bowel segment can suggest an acute
or ongoing inflammation.

The published terminology is somewhat
inconsistent for US performed with rectal
probes: Endoscopic and endoluminal US include
either a rectal or vaginal probe, whereas the
terms transrectal and endorectal US are used
interchangeably. Anorectal echo-endoscopy and
similar terms are also in use.

Endovaginal US evaluates the rectum and
adjacent structures, including puborectalis
muscle thickness, sphincter thickness, and
sphincter defects. Distending the rectum with a
water enema better delineates perirectal tissue
planes.

Endorectal US defines surrounding struc-
tures. Urogenital structures and perirectal
spaces are readily imaged. Both proctography
and endorectal US evaluate internal and 
external rectal sphincters. Three-dimensional
endorectal US appears to provide more accurate
control of a biopsy needle toward a perirectal
lesion than is available with other modalities,
although the data for this are sparse. The
current primary use of endorectal US is in a
setting of rectal cancer and in the workup of
evacuation disorders.

Available US miniprobes fit through the
working channel of an endoscope. Similar to
upper gastrointestinal endoscopic US, the role
of flexible colonoscopic US in detecting and
staging neoplasms is not yet clear.

Scintigraphy
A gamma camera scintigraphic technique 
estimates colonic transit, an infrequently used
study in clinical practice.

The application of scintigraphy in inflamma-
tory bowel disease and in the bleeding patient is
covered in each respective section later in this
chapter. Abdominal positron emission tomo-
graphy (PET) scanning is discussed in more
detail in Chapter 14.

Congenital Abnormalities
Malposition
Midgut malrotation is discussed in Chapter 4.

The interposition of small or large bowel into
the right subphrenic space, first described by
Chilaiditi in 1910, is rarely symptomatic and
should be considered a normal variant. Bilateral
bowel interposition is rare (28). Some authors
use the term Chilaiditi’s syndrome to describe
all such bowel interposition; others limit the
term only to the symptomatic patient. Preva-
lence of such bowel hepatodiaphragmatic inter-
position appears to depend on patient position
and is identified more often with the patient
supine.



192

ADVANCED IMAGING OF THE ABDOMEN

Detection of bowel interposition is generally
straightforward with conventional radiography
and barium studies. The appearance is confus-
ing with US, where interposed bowel loops
mimic an abnormal mass. Computed tomo-
graphy detects ascending colon interposition
between kidney and psoas muscle (pararenal
space) in about 1% (29). Retropsoas interposi-
tion is slightly more common with the ascend-
ing colon (3%) and descending colon (2%) (30);
little retroperitoneal fat favors interposition. A
colon interposed posterior to the pancreas,
between the spleen and left hemidiaphragm, is
rare.

Duplication
Gastrointestinal duplications are associated
with both vertebral and genitourinary tract
abnormalities. They occur roughly in one out of
4000 births. Least common are hindgut duplica-
tions. Most are detected in the young.

Colonic duplications have either a spherical
or tubular appearance, with some long duplica-
tions mimicking a second colon lumen. Most 
of these duplications do not communicate with
the lumen and occur along the mesenteric
border. Occasionally a duplication contains
noncolonic mucosa, such as heterotopic gastric
mucosa, small bowel, pancreatic, and even 
respiratory epithelium. The mucosa of some
duplications continues secreting and a noncom-
municating duplication thus increases in size
with time. Imaging identifies an abdominal
cystic tumor.

A rare duplication intussuscepts; it acts as 
a source of cecal volvulus, or is an incidental 
palpable mass at initial presentation. An occa-
sional one develops a fistula to an adjacent
structure. Magnetic resonance imaging is useful
with the rare rectal duplication in a neonate to
show no posterior extension, thus excluding a
meningocele.

Obstruction
Common distal ileal obstructions in neonates
are due to meconium ileus and ileal atresia; in
the colon obstructions include imperforate
anus, meconium plug syndrome, and
Hirschsprung’s disease. From a practical view-
point, distal ileal and colonic obstructions in the

neonate are lumped together as low intestinal
obstructions.

A microcolon in a neonate is a descriptive
term of a contrast enema finding rather than a
specific disorder and usually suggests distal
small bowel obstruction. Colonic disorders
associated with a small caliber of the entire
colon include total colonic aganglionosis of
Hirschsprung’s disease and a microcolon seen
with prematurity. Conventional radiography
usually differentiates between a high and a low
intestinal obstruction. A contrast enema is nec-
essary to define the obstruction further.

Atresia

In rectal atresia the anus is normal, with the
atretic segment located more proximal. No
bowel fistula is identified. Atresia proximal to
the rectum is uncommon, although it can occur
anywhere in the colon. Colonic stenosis is rare.
A contrast enema reveals a small caliber colon
distal to the obstructed, atretic segment.

Imperforate Anus

The most common neonatal colonic obstruction
is an imperforate anus. Although the term
imperforate anus implies a single and simple
defect, in reality this is a complex deformity
often also involving genitourinary tract struc-
tures and other anomalies. Cryptorchidism is
common; in general, a more superior level of
anorectal malformation increases the risk of
cryptorchidism.

Rectal atresia differs from an imperforate
anus. With an imperforate anus the hindgut
does not descend and communicate with the
anus, but either ends blindly or forms a fistula
in an abnormal location (ectopic anus). An
imperforate anus is classified as being high or
low using the puborectalis sling as a dividing
line. The differentiation between a high and low
lesion is often made clinically, and imaging
plays a limited direct role. The presence of a 
perineal dimple or passage of meconium from
the genitourinary tract is a useful guide. In some
boys conventional radiography reveals gas in
the bladder.

The puborectalis muscle tends to be
hypoplastic with a high obstruction.With a high
lesion, the rectum can end blindly, although
more often in boys it terminates in the posterior
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urethra, and less often in the bladder or anterior
urethra. In girls the rectum tends to terminate
in the vagina. Prior to definitive surgery, most
high lesions are treated with a bypass
colostomy. The underlying anatomy is then
studied through the distal colostomy limb
(mucous fistula) or, if needed, by cystography
and urethrography.

A low lesion is usually associated with a per-
ineal dimple, and no communication exists with
the genitourinary tract. A variant of a low lesion
is a congenital triad consisting of an anorectal
malformation, sacral abnormality, and a pre-
sacral tumor, first described by Currarino et al.
(31) in 1981 (Table 5.1). Magnetic resonance
imaging is useful in this triad to detect a 
tethered cord.

Imaging aids in detecting any associated
renal or sacral abnormalities. Magnetic reso-
nance imaging outlines the hindgut, bony 
and muscular pelvic anomalies, including the 
puborectalis muscle and external sphincter,
and other surrounding anatomy. T1-weighted
images establish whether the puborectalis
muscle is hypoplastic. Magnetic resonance
imaging tends not to identify small fistulous
tracts, however, and a contrast study is useful to
define them.

Some boys have a mix of meconium and
urine and the meconium calcifies; these calcifi-
cations are intraluminal in location, thus distin-
guishing them from meconium peritonitis. Such
a mix of meconium and urine does not occur in
girls with anal atresia; calcified intraluminal
content in a girl should suggest a cloacal 

malformation consisting of communication
between the urethra and rectum, generally
through a single perineal channel.

After surgical correction of an anorectal mal-
formation—such as rectal pull-through(peri-
neoplasty) or posterior sagittal reconstruction
(anorectoplasty)—MRI is helpful in detecting
complications and to evaluate muscle integrity.
Residual internal and external sphincter dis-
ruptions are identified.

Megacystis-Microcolon-Intestinal
Hypoperistalsis Syndrome

In the megacystis-microcolon-intestinal hypo-
peristalsis syndrome the bladder is markedly
distended and a contrast enema shows what ini-
tially looks like a small-caliber colon. Although
the initial appearance suggests an obstruction,
no mechanical obstruction is found. A short-
ened small bowel, at times malrotated, reveals
poor or absent peristalsis. Hydronephrosis is
common. Hydrometrocolpos and segmental
colonic dilation also occur. Etiology of this rare
autosomal-recessive disorder is unknown. Neu-
ronal dysplasia is identified in some. This syn-
drome also occurs without megacystis; with
such a presentation it blends into the general
category of functional intestinal obstruction in
neonates.

The diagnosis should be considered in a
newborn with a markedly distended bladder
and suspected intestinal obstruction.

Meconium Plug Syndrome

Meconium plug syndrome and small left colon
syndrome are probably the same entity. Dia-
betes in the mother is common. These full-term
neonates have colonic obstruction due to inspis-
sated intestinal contents. The colonic lumen is
narrowed distally and distended proximally.
An abrupt transition between dilated and
nondilated bowel is evident in some.

Hirschsprung’s disease is in the differential
diagnosis.

Hirschsprung’s Disease

Pediatric

Hirschsprung’s disease is caused by incomplete
caudal migration of neural cells, with bowel

Table 5.1. Currarino triad: anorectal malformation, sacral
abnormality and presacral mass findings in 11 patients

Abnormality Number

Anorectal malformation
Low imperforate anus 3
Anorectal stenosis 8

Presacral tumor
Teratoma 7
Meningocele 2
Dermoid cyst 1
Enteric/dermoid cyst 1

Sacral and other
Deformed sacrum 11
Tethered cord 2

Source: Date from Lee et al. (32).
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distal to the point of migration arrest constitut-
ing an aganglionotic segment. By definition,
the aganglionotic segment is continuous and
extends to the anus; still, rare patients have seg-
mental skip regions. Most often aganglionosis
involves the rectum, but occasionally this
segment extends more proximally, including the
right colon, and the neonate presents with a
microcolon. Also uncommon is for agangliono-
sis to be limited to the internal sphincter region
only. To give an example of the varied involve-
ment, in one Central European hospital among
142 children treated for Hirschsprung’s disease,
52% had typical rectal involvement, 30% a long
colonic segment, in 13% only a very short rectal
segment was involved, and 4% suffered from
total colonic aganglionosis (33).

For unknown reasons Hirschsprung’s disease
is uncommon in prematures. The prevalence in
boys is several times greater than in girls.

An association exists between multiple
endocrine neoplasia (MEN) type IIA and
Hirschsprung’s disease. Mutations in the RET
proto-oncogene are found in both entities
(patients with MEN type IIB also have colonic
abnormalities, including chronic constipation,
but any relationship with aganglionosis is not
clear). Hirschsprung’s disease is more common
in patients with Down syndrome. Patients 
with Ondine’s curse (congenital hypoventilation
syndrome) and congenital neuroblastoma 
also develop Hirschsprung’s disease; they 
tend toward total colonic aganglionosis. Both
Hirschsprung’s disease and ganglioneuroblas-
tomas manifest aberrations of neural crest cell
growth and development.

Radiologists generally perform a barium
enema when suspecting Hirschsprung’s disease.
A low-osmolality water-soluble contrast enema
has also been used. Although a contrast enema
tends to be diagnostic in most, in neonates a
transition zone is not well defined during the
first several weeks of life, and a normal exami-
nation does not exclude the diagnosis (Fig. 5.4).
At times uncoordinated contractions are
detected in the aganglionic segment.

In total colonic aganglionosis a contrast
enema reveals a microcolon or a transition zone
in the small bowel, or, rarely, it is even normal.

A definitive diagnosis is made by rectal
biopsy. In some infants a full-thickness biopsy is
necessary. At times biopsy reveals ganglion cells
in the face of an abnormal barium enema, and

in such a setting an allergic colitis should be
considered in the differential diagnosis.

The usual therapy for established
Hirschsprung’s disease is an initial colostomy,
followed by endorectal pull-through (Soave 
procedure).

Adult

Occasionally a mild form of what appears to be
Hirschsprung’s disease is detected in adults.
This acquired intestinal aganglionosis is often
labeled adult Hirschsprung’s disease, but this
term is tenuous at best. Biopsy often reveals 
a ganglionitis and loss of neurons. In some
patients, with time, the involved segment
becomes more extensive. Whether such
acquired intestinal aganglionosis is indeed a
variant of Hirschsprung’s disease, an allergic
manifestation, or some other as yet undefined
condition, is speculation.

Presentation in adults is generally similar 
but milder to that seen in children. It is diag-
nosed with a barium enema, anorectal manom-
etry, and tissue biopsy. Occasionally adult
Hirschsprung’s disease mimics rectal Crohn’s

Figure 5.4. Hirschsprung’s disease. Barium enema identifies a
narrowed rectum (arrows) and a dilated colon more proximally.
(Courtesy of Luann Teschmacher, M.D., University of Rochester.)
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disease; manometry helps distinguish between
these two.

Allergic Colitis in Infancy
Allergic colitis, such as an allergy to cow milk
proteins, tends to mimic the barium enema
appearance of Hirschsprung’s disease. A barium
enema reveals an irregular rectal narrowing and
a transition zone (34); rectal biopsies identify
ganglion cells and a lamina propria inflam-
matory infiltrate. Symptoms resolve after diet
change.

Cystic Fibrosis
Cystic fibrosis is discussed in more detail in
Chapter 4. Mentioned here are findings perti-
nent to the large bowel. Some authors use the
term fibrosing colonopathy or severe indetermi-
nate colitis to describe colonic changes.

A child with cystic fibrosis developed ascend-
ing colon diverticulitis (35).

Patients with cystic fibrosis receiving large
doses of pancreatic enzymes develop colonic
strictures. Histologically, these strictures consist
of chronic inflammation, extensive collagen
deposition, submucosa fibrosis, and ulcerations.
These strictures are probably different from
those seen in Crohn’s disease. Confusing the
issue is that several of these patients have devel-
oped an inflammatory bowel disease. Whether
this indeed represents classic inflammatory
bowel disease or is a sequela of cystic fibrosis
and thus a separate entity is conjecture.

Abnormal barium enema findings are
common in children with severe cystic fibrosis
and suspected distal bowel obstruction unre-
sponsive to medical management and consist 
of strictures, loss of haustra, and longitudinal
foreshortening. Computed tomography shows
bowel wall thickening, mesenteric infiltration,
increased pericolonic fat, and mural striation,
findings more prominent in the proximal colon.

Patients with cystic fibrosis developing
Clostridium difficile colitis do not develop
watery diarrhea. Therapy for impaction and
related conditions is unsatisfactory, and CT
detection of a pancolitis in such a clinical
setting should suggest antibiotic-associated (C.
difficile) colitis (36).

Short Colon Syndrome
In the congenital short colon syndrome the
colon is either entirely or partially replaced by
a dilated pouch. In the partial type some
normal-appearing colon is evident between the
ileum and a dilated pouch; in the complete
variety the ileum inserts directly into a pouch.
Some of these infants have associated anorectal
malformations and colourinary fistulas. This
condition appears to be more common in
northern India than in other regions.

Trauma
Perforation
Most colon perforations manifest as a pneu-
moperitoneum and are readily detected. A
retroperitoneal perforation, on the other hand,
is more difficult to detect; at times no perfora-
tion is evident initially, but an abscess or
hematoma develop later.

Penetrating injuries to the colon are usually
managed by a diverting colostomy, although the
trend is toward primary repair.

Obstetrical Trauma
Endorectal and transvaginal US are useful to
evaluate sphincter injury after childbirth
trauma, although endorectal MRI appears supe-
rior in establishing the site and extent of a tear;
MRI also evaluates the integrity of individual
anal sphincter muscles.

Wall Thickening
An uncommon cause of colonic wall thickening,
generally involving mostly right colon in other-
wise asymptomatic cirrhotic patients, is conges-
tion secondary to portal hypertension.

Inflammation/Infection
Detection of Colitis

Focal or diffuse colonic wall thickening is the
primary CT finding of colitis. Although such
thickening is abnormal, it is nonspecific and
occurs not only with various colitides but also
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with some tumors and other infiltrative condi-
tions. Similarly, the target sign (discussed in
Chapter 4) is abnormal but nonspecific; it is,
however, a marker for colitis and some infiltra-
tive conditions but is not found with neoplasms.
The term target sign is also used by ultrasono-
graphers when describing an intussusception.
Differentiating patients by clinical presentation,
some investigators use the term colitis synony-
mously with inflammatory bowel disease,
although in a broader sense these are not the
same entities.

Using criteria of mucosal thickness >1.5 mm,
bowel wall thickness >4 mm, mucosal irregu-
larity, absence of haustra, and terminal ileal
thickness >4 mm, hydrocolonic US in ulcerative
colitis and Crohn’s patients achieved 100% 
sensitivity in detecting active inflammatory
bowel disease and 87% in identifying disease
extension (37).

Technetium-99m (Tc-99m)–hexamethyl-
propyleneamine oxime (HMPAO) leukocyte
scintigraphy is a noninvasive test requiring no
bowel preparation and is readily performed
even in ill patients. It is a sensitive test for
inflammation, being positive even in a setting 
of normal barium studies in patients later
shown to have Crohn’s disease or ulcerative
colitis. In patients with acute inflammatory and
infectious colitis, Tc-99m-HMPAO leukocyte
scintigraphy achieves sensitivities and
specificities >80% in detecting involved seg-
ments. Tc-99m–2,3-dimercaptosuccinic acid
(DMSA) scintigraphy reaches an overall sensi-
tivity and specificity of >90% in detecting bowel
inflammation (38).

18F-fluoro-deoxy-D-glucose (FDG) PET is
primarily a neoplasm imaging agent, yet
increased uptake is also evident in other hyper-
metabolic states such as acute enterocolitis.

Inflammatory Bowel Disease

General Findings

The term inflammatory bowel disease is
reserved by most authors for Crohn’s disease
and ulcerative colitis. The term is also used by
some authors to describe a similar-appearing
colitis when a specific underlying disorder is 
in doubt, at times prefacing the term with 
nonspecific or indeterminate.

Some of the infective, drug-related and
ischemic colitides mimic inflammatory bowel
disease in their appearance; they are classified
separately once a specific etiology is established.
In particular, an etiology other than Crohn’s
disease or ulcerative colitis should be sought 
if a previous colitis resolves. Occasionally
described is a nongranulomatous ulcerative
enterocolitis manifesting with severe chronic
diarrhea; even after an extensive investigation,
no specific diagnosis is made.

Most patients with inflammatory bowel
disease have a chronic, indolent presentation.
An occasional patient, however, is first seen with
an acute massive bleed or acute episode of
severe colitis. Even toxic megacolon has mani-
fested during an initial presentation.

A number of indices measure disease activity,
but most have had limited clinical adoption. An
interesting one involves use of the water-soluble
radiographic contrast agent iohexol. Urinary
excretion of ingested iohexol is significantly
higher in patients with active inflammatory
bowel disease than in those with quiescent
disease or in controls (39).

Several studies have documented a lower
seroprevalence of Helicobacter pylori infection
in patients with Crohn’s disease and ulcerative
colitis than in controls.

Inflammatory bowel disease is not limited to
the bowel, but also involves hepatobiliary, mus-
culoskeletal, ocular, dermatologic, and other
organ systems. A possible association with
glycogen storage disease type IB exists. An asso-
ciation exists between inflammatory bowel
disease and sclerosing cholangitis and cholan-
giocarcinoma, although a relationship between
colonic and bile duct disease activity is not
straightforward; after liver transplantation 
for sclerosing cholangitis, inflammatory bowel
disease can be reactivated despite maintenance
immunosuppression. Likewise, colon carcinoma
has developed after liver transplantation. Thus
serial colon cancer screening is necessary after
liver transplantation.

Pathologic Findings

The presence of crypt abnormalities, basal 
plasmacytosis with chronic inflammation, and
distal Paneth cell metaplasia point toward
inflammatory bowel disease rather than other
colitides. Thr histology of a colorectal biopsy
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suggests Crohn’s disease if epithelial granulo-
mas, microgranulomas, or isolated giant cells
are detected; these findings, however, are often
lacking from biopsies of patients with obvious
Crohn’s disease. In some patients a diagnosis of
indeterminate colitis is appropriate.

Biopsy in ulcerative colitis reveals an irregu-
lar or villous surface, a decrease in mucous
content, and crypt atrophy. Initially diffuse
small ulcers develop surrounded by inflamma-
tion and hyperemia. With disease progression
the bowel wall thickens and lumen narrows. The
muscularis mucosa thickens markedly and fore-
shortens, leading to shortening of colonic
length. In distinction to Crohn’s disease, a vas-
culitis is uncommon in ulcerative colitis. A
transmural lymphocytic phlebitis, however, is
detected in some patients.

Postinflammatory polyps, also called
pseudopolyps, are a common finding in ulcera-
tive colitis, although they also develop in a
number of other colitides, including some infec-
tions.With partial healing the overlying mucosa
becomes hyperplastic. In some patients these
polyps become sufficiently large and extensive
to obstruct bowel lumen. These polyps can
cause a protein-losing enteropathy.

Differential Diagnosis

Clinical

Although in most patients differentiation
between Crohn’s disease and ulcerative colitis is
straightforward, in a small subset radiologic
studies, colonoscopy, and biopsy do not differ-
entiate with any degree of certainty between
these two entities. An attempt at differentiation
using serologic testing has had rather limited
success. Intestinal mucosal lymphocytes iso-
lated mostly from lamina propria contain
higher levels of CD19, transferrin receptor, T-
cell receptors alpha/beta, and T-cell receptors
gamma/delta in ulcerative colitis patients than
in Crohn’s patients (40); the clinical significance
of these findings is not clear.

In a vast majority of patients ulcerative colitis
extends from the rectum proximally for varying
lengths, with a pancolitis found in a minority.
Skip areas are not found, and in a setting of a
right-sided colitis with rectal sparing ulcerative
colitis should not be in the differential diagno-

sis. Nevertheless, it is difficult to place some
patients in the proper perspective. For instance,
a clinical, radiographic, endoscopic, and histo-
logic follow-up in a patient with right-sided
colitis consisting of multiple shallow ulcers,
erosion, and stenoses and sparing of the rectum
and left colon appeared to exclude Crohn’s
disease, tuberculosis, yersiniosis, Behçet’s
disease, and ischemic colitis (41); the authors
concluded that the patient was indeed suffering
from right-sided ulcerative colitis.

Toxic megacolon is generally associated 
with ulcerative colitis, on rare occasions even
being an initial manifestation of this disease.
One should keep in mind, however, that toxic
megacolon is also encountered in severe acute
Crohn’s disease and some infectious colitides.

Imaging

The role of double-contrast barium enema and
colonoscopy in diagnosing both Crohn’s disease
and ulcerative colitis is well established. A
number of studies have concluded that the
double-contrast barium enema and colono-
scopy are complementary imaging modalities
for optimal detection of all mucosal and struc-
tural colonic lesions, with the exception of those
that do not distort the mucosa.

The terminal ileum is often involved in
Crohn’s disease but is spared in ulcerative colitis
(with the exception of backwash ileitis). The
barium enema appearances of terminal ileal
Crohn’s disease and backwash ileitis are quite
different, and radiologists readily differentiate
these entities.

In Crohn’s disease CT identifies thickening of
diseased bowel in most patients, and in the
acute phase such thickening is universal. The
bowel wall has a homogeneous appearance in
Crohn’s disease, but in ulcerative colitis it ranges
from homogeneous to a target sign (discussed
in Chapter 4). The outer colonic contour tends
to be smooth in severe ulcerative colitis; in
Crohn’s disease it can be either smooth or 
irregular.

Rectal involvement results in presacral space
widening and is found both with Crohn’s proc-
titis and ulcerative colitis. Computed tomogra-
phy shows this widening to be mostly secondary
to infiltration by fat-containing linear and
nodular soft tissue densities.



198

ADVANCED IMAGING OF THE ABDOMEN

In young adults with chronic abdominal pain
and bowel dysfunction, some authors establish
an arbitrary upper normal US bowel wall thick-
ness, with inflammatory bowel disease sug-
gested if this thickness is exceeded. Thus in
consecutive outpatients, use of a 7-mm upper
normal bowel wall thickness achieved a sensi-
tivity of 74% and specificity of 98% in suggest-
ing inflammatory bowel disease (42); these
findings could be further subdivided into an
84% sensitivity and 98% specificity for Crohn’s
disease and 38% and 98%, respectively, for
ulcerative colitis.

After distending the large bowel with water
(hydrocolonic US), US normally differentiates
five wall layers having different echogenicities.
The colonic wall is hypoechoic and thickened,
and these five colonic wall layers cannot be visu-
alized in most Crohn’s disease patients, but they
tend to be preserved in ulcerative colitis; loss of
this layer stratification is due to fibrosis and
implies an irreversible change.

Postcontrast MR in colonic Crohn’s disease
reveals transmural bowel wall enhancement, a
finding distinct from typical ulcerative colitis
where enhancement is limited to the mucosa
and MRI identifies less bowel wall thickening.
Thus after lumen distention with oral and rectal
fluid, pre– and post–gadolinium (Gd)–diethyl-
enetriamine pentaacetic acid (DTPA) HASTE
and dynamic fast low-angle shot (FLASH) axial
and coronal images allowed differentiation of
Crohn’s disease and ulcerative colitis in 81% of
27 patients with inflammatory bowel disease
(43). Low-field MRI (0.1 T) tends to overestimate
and underestimate disease extension both in
Crohn’s patients and in ulcerative colitis
patients.

Although Tc-99m-HMPAO–white blood cell
scintigraphy is very sensitive and specific in
detecting colonic inflammation (44), it has a
limited role in differentiating active colonic
Crohn’s disease from ulcerative colitis. Discon-
tinuous uptake suggests Crohn’s disease, but
some children with ulcerative colitis also have
discontinuous uptake.

Crohn’s Disease

Clinical

Crohn’s disease is discussed in more detail 
in Chapter 4. Covered here are those aspects
related to the colon (Crohn’s colitis). Although

Crohn’s disease is most often found in the distal
small bowel, disease confined to the colon 
and rectum is not uncommon. A later age of
disease onset appears related to an increased
prevalence of colorectal rather than small bowel
involvement.

In a retrospective cohort study of patients
with colorectal Crohn’s disease, distribution was
segmental in 40%, total in 31%, and left-sided in
26% (45); perianal or rectal fistulas developed in
37%. In those patients attaining clinical remis-
sion, the 5-year cumulative relapse rate was
67%. Half of these patients underwent a resec-
tion within the first 10 years, and half of these
ultimately required an ileostomy.Analysis of the
cause of death of patients with Crohn’s disease
during 1973 to 1980 in Rochester, New York,
found that Crohn’s disease was the causative
factor in 44% of deaths, but during 1981 to 1989
deaths due to Crohn’s disease decreased to 6%
(46).

Imaging

Early colonic manifestations of Crohn’s disease
consist of lymph follicle prominence and pres-
ence of aphthae. These are readily detected with
a double-contrast barium enema but are not
visualized with CT. The presence of aphthae
implies active colitis but is not pathognomonic
of Crohn’s disease (Fig. 5.5); lymphoid hyper-

Figure 5.5. Cecal Behçet’s disease. Aphthae are scattered
throughout. Crohn’s disease has a similar appearance.
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plasia, on the other hand, exists without disease
activity.

Progression of inflammation leads to filiform
polyposis and diffuse intramural thickening
(Fig. 5.6). With established disease, the presence
of homogeneously thickened bowel wall during
an arterial phase CT study generally implies the
presence of fibrosis.

Magnetic resonance imaging is very accurate
in detecting active Crohn’s colitis (Fig. 5.7).After
oral bowel opacification with a 2.5% mannitol
solution, axial and coronal breath-hold MRI
using contrast-enhanced T-1 weighted FLASH
and T2-weighted HASTE sequences identified
more diseased segments than comparable
barium studies (47). Current evidence suggests
that a hydro-MRI study is very reliable in both

detecting and evaluating the extent of Crohn’s
disease.

Some authors suggest that specific imaging
findings can suggest whether a particular stage
of Crohn’s disease is reversible or not. Thus
presence of a target sign suggests that fibrosis
has not yet developed and the underlying
abnormalities are reversible with appropriate
therapy. Whether this is indeed so remains to be
proven.

Complications

The earlier literature rarely mentioned cancer
developing in a setting of Crohn’s disease. Some
of these publications should be held suspect
because a number of these patients were misdi-
agnosed. More recent publications document an
increased incidence of cancer in bowel involved
by Crohn’s disease. Typically the interval from
initial Crohn’s diagnosis until cancer is detected
is up to 20 years. Some cancers are multiple.
They have developed in a defunctionalized
rectal stump. An occasional one involves a
Crohn’s-induced anorectal sinus tract or fistula.

Patients with inflammatory bowel disease
(both Crohn’s disease and ulcerative colitis)
tend to develop a diffusely infiltrating and
metastasizing carcinoma, called linitis plastica
of the colon. Most of these are adenocarcino-
mas. Radiologically, these cancers tend to mimic
a benign stricture, and at times even a biopsy is
nondiagnostic.

Anal fissures and low anal fistulas are
common in Crohn’s disease and tend to be asso-
ciated with an adjacent phlegmon or abscess.
Most sinus tracts and fistulas in a setting of
Crohn’s colitis end blindly or are enteroenteric;
an occasional fistula extends to an unusual 

Figure 5.6. Crohn’s disease. Extensive filiform polyposis is
present. (Courtesy of Arunas Gasparaitis, M.D., University of
Chicago.)

Figure 5.7. Comparison of MR HASTE sequences (A) and contrast-enhanced GRE sequences (B) of bowel segment involved with
Crohn’s disease. (Courtesy of Wolfgang Luboldt, M.D., Johann Wolfgang Goethe University, Frankfurt-am-Main.)

A B
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location. A high or complex anal fistula or a 
rectovaginal fistula is uncommon, with only a
minority of these patients having obvious
Crohn’s proctitis (the imaging approach to
fistulas is discussed later in this chapter; see
Fistula).

Most urinary tract fistulas involve the
bladder, with only a rare one extending into the
ureter, urethra, or Bartholin’s gland. A rare
colonic fistula crosses the diaphragm; even
developing a colobronchial fistula.

Superimposed infections are common and
often account for acute flare-ups.

Similar to the small bowel, only a rare 
colocolic intussusception has been reported in
Crohn’s colitis.

Ulcerative Colitis

Clinical
In large parts of Europe the incidence of ulcer-
ative colitis in school-age children has been
about 1.5 to 2.0 per 100,000 children per year for
the last several decades (48). In some parts of
the world the reverse is true, namely, the inci-
dence of ulcerative colitis is decreasing while
Crohn’s disease is increasing. Prevalence is
greater in some families and ethnic groups, and
an inheritance pattern is evident in some.

The etiology and pathogenesis of ulcerative
colitis are unknown. An abnormal immune
system response appears to be involved,
although whether the immune system itself is
abnormal or whether it is responding to some
other abnormality is conjecture. Significantly
increased secretion of mast cell tryptase, a
highly mast cell specific protease, suggests mast
cell involvement (49). These patients have a
higher prevalence of allergic symptoms, and
skin tests show increased rates of immediate
and delayed hypersensitivity than controls. The
concordance rate of ulcerative colitis is higher
in monozygotic twins than in dizygotic twins,
although not to the extent seen in Crohn’s
disease. Thus in a Danish study of nearly 30,000
twins the proband concordance rate among
monozygotic twins was 58% for Crohn’s disease
and 18% for ulcerative colitis and among dizy-
gotic twins the rates were 0% and 4%, respec-
tively (50).

One interesting sidelight is that a previous
appendectomy appears to protect somewhat
against future ulcerative colitis. Also, in women

with known ulcerative colitis, the number of
relapses/year after pregnancy is lower com-
pared to a similar period before pregnancy.

Ulcerative colitis usually manifests after
puberty, with only a minority detected earlier.
Most patients have a chronic, relapsing course.
A common clinical finding is bloody diarrhea,
and its absence should suggest another diagno-
sis. Experienced clinicians can probably recall
an occasional patient first presenting with ful-
minant toxic colitis.

Past teaching held that once ulcerative 
colitis was established, it changed little in 
extent, a finding no longer believed to be true.
Over a several year period idiopathic ulcerative
proctocolitis in most patients remains similar in
extent, in a minority spreads proximally and,
less often, decreases in extent.

Associated Conditions

An association between ulcerative colitis and
primary sclerosing cholangitis or pericholangi-
tis is well known. Less well known is an occa-
sional association between pancreatitis and
both ulcerative colitis and Crohn’s disease.
Occasionally pancreatitis manifests before onset
of ulcerative colitis. Complicating the picture is
an association of acute pancreatitis and aza-
thioprine therapy.

An occasional association exists between
ulcerative colitis and pyoderma gangrenosum,
glomerulonephritis, systemic lupus erythe-
matosus, sarcoidosis, and Ménétrier’s disease.
Whether similar genetic or immunologic path-
ways are involved is speculation.

One patient developed ankylosing spondyli-
tis at age 28 years, ulcerative colitis at age 49
years, and chronic granulocytic leukemia at age
59 years (51). An uncommon association
appears to exist between ulcerative colitis and
rheumatoid arthritis.

Imaging

The traditional imaging study to diagnose and
quantitate the extent of involvement was a
double-contrast barium enema. In parts of
Europe a single-contrast enema, using air as a
contrast agent, is performed. Gastroenterolo-
gists prefer colonoscopy and biopsy.

Presacral space widening due to fatty infiltra-
tion is common once the disease is established
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and is readily apparent with most imaging
modalities. Loss of rectal valves of Houston is
also common.

Early in the course of disease a CT study is
normal and thus for early disease detection CT
is not warranted. With more extensive bowel
involvement CT identifies a colonic wall target
sign. The hypertrophied mucosa is seen as a soft
tissue density surrounded by a lower density
ring representing fatty submucosal infiltration,
this in turn is surrounded by a soft tissue
density muscularis propria. As already men-
tioned, such a target sign is not specific for
ulcerative colitis, but is also found in a number
of other colitides. Bowel wall thickening and
lumen narrowing evolve with chronicity.

Ultrasonography assesses both the extent and
activity of ulcerative colitis and follows the
response to medical treatment. Using a thick-
ened bowel wall and loss of haustra as evidence
of disease in patients with active ulcerative
colitis, US correctly identified diseased seg-
ments in 74% of patients (52); also, US re-
vealed bowel wall thickening decreasing after
medical therapy in patients showing clinical
improvement.

Doppler US reveals increased portal and
mesenteric blood flow and a lower resistance
index in the superior mesenteric artery in those
with active disease but not in those with quies-
cent disease.Active Crohn’s disease or ulcerative
colitis involving the left colon lead to a marked
increase in inferior mesenteric artery blood
flow (53); compared with controls, Doppler US
reveals increased velocity, flow volume, and a
decreased pulsatility index. These findings
should be balanced against laser Doppler
flowmetry of rectal blood flow; flowmetry
detected significantly reduced rectal perfusion
in those with ulcerative colitis but not Crohn’s
colitis (54); suggesting that impaired local blood
flow plays a pathogenetic role in ulcerative
colitis.

Postcontrast MR reveals marked mucosal
enhancement of diseased segments and relative
submucosal and muscle sparing. Because of this
limited transmural involvement, MRI tends 
to underestimate the extent of disease. A fat-
suppression technique is helpful in outlining
diseased segments.

Technetium-99m-HMPAO leukocyte scintig-
raphy is useful in evaluating the extent and sites
of disease activity. This noninvasive study pre-

dicts and localizes acute inflammation, but 
a negative study does not exclude acute in-
flammation. Also, sites of positive leukocyte
scintigraphy become negative after leukocyte
apheresis or glucocorticoid therapy, and thus
leukocyte scintigraphy appears useful in evalu-
ating treatment response. Also, Tc-99m-HMPAO
scintigraphy appears to predict proximal
disease extension better than CT.

Complications

Perforation in a setting of toxic megacolon is 
a well-recognized complication of ulcerative
colitis. Instead of frank perforation, an occa-
sional patient with severe ulcerative colitis
develops retroperitoneal emphysema.

Dysplasia is believed to be a precursor in the
pathway to cancer in ulcerative colitis. Detecting
dysplasia is generally in the province of a
pathologist, although at times the colonoscopic
or barium enema appearance suggests this con-
dition by finding nodular protrusions, irregular
mucosa, and minute spiculations. If detected
incidentally, such a finding warrants a biopsy,
yet for cancer surveillance and dysplasia detec-
tion most physicians rely on histopathology 
for these notoriously difficult-to-detect tumors.
Cancers developing in a setting of ulcerative
colitis typically are flat or plaque-like rather
than polypoid or ulcerated as seen in nondis-
eased bowel. Surrounding diseased mucosa
makes early cancer detection even more
difficult.An underlying cancer in a colonic stric-
ture is readily missed both radiologically and
colonoscopically. In some, previous endos-
copy did not reveal either dysplasia or cancer,
with an advanced adenocarcinoma being later
discovered.

Prevalence of colon cancer increases in a
setting of pancolitis. Also, the risk of colorectal
dysplasia and carcinoma appears increased by
the presence of primary sclerosing cholangitis.

Surveillance colonoscopic biopsies are useful
to detect dysplasia, with high-grade dysplasia
being considered a precursor to cancer. Never-
theless, in spite of the extensive literature on
surveillance colonoscopic biopsies, no consen-
sus exists on its clinical value in patients with
ulcerative colitis. In general, surgery should be
considered in patients with an underlying stric-
ture even if a biopsy is negative for dysplasia or
malignancy.
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A number of reports describe primary
colonic lymphoma developing in a setting of
ulcerative colitis. Complicating the picture are
reports of colonic lymphoma misdiagnosed as
ulcerative colitis; superficial colonic biopsies in
these patients are believed to be compatible
with ulcerative colitis, with lymphoma mani-
festing only several months later. In distinction
to ulcerative colitis, colonic mucosal abnormal-
ities resolve after therapy for lymphoma.

Thromboembolic disease is a known compli-
cation of ulcerative colitis. Massive pulmonary
emboli and even dural sinus thrombosis have
occurred.

Pulmonary interstitial fibrosis and fibrosing
alveolitis have developed in a setting of ulcera-
tive colitis.

Infections develop readily, and some acute
flare-ups are secondary to superimposed infec-
tion. Infection should be suspected in a patient
being treated with steroids who becomes fulmi-
nant. In some countries, ulcerative colitis
patients receiving steroids have developed pul-
monary or intestinal tuberculosis. Severe infec-
tion can result in pseudomembranous colitis
developing even without antibiotic use.

Surgery for Colonic Inflammatory 
Bowel Disease

Surgical approaches to colonic involvement by
inflammatory bowel disease consist of (1) total
proctocolectomy with an ileostomy, (2) total
colectomy with an ileorectal anastomosis, and
(3) colectomy with a mucosal proctectomy and
ileoanal anastomosis (ileal pouch).

The choice of surgery is influenced by the
type of inflammatory bowel disease. A retro-
spective study of 86 patients with colonic
Crohn’s disease who underwent a single-stage
proctocolectomy and 65 who underwent total
colectomy and ileorectal anastomosis found
that 29% of proctocolectomy patients and 68%
of ileorectal anastomosis patients developed
symptomatic recurrence (55); after proctocolec-
tomy the 5-, 10-, and 15-year cumulative re-
operation rates for recurrence were 13%, 16%,
and 26%, compared to 29%, 46%, and 48%,
respectively, after ileorectal anastomosis.

Ileostomy

A total proctocolectomy is curative for bowel
manifestations of ulcerative colitis but not

Crohn’s disease. Some of the extraintestinal
complications of ulcerative colitis have a clini-
cal course independent of bowel disease and 
are not affected by a colectomy. Currently 
total proctocolectomy is rarely performed on 
an elective basis for ulcerative colitis because 
of associated complications, including sexual 
dysfunction.

Among patients with Crohn’s disease who
underwent total colectomy, end ileostomy,
and an oversewn rectal stump, over half later
required a proctectomy (56); of note is that 23%
of these patients later developed small bowel
recurrence requiring surgery.

Some patients with ileostomies performed
for ulcerative colitis develop polyps at their
ileostomy stomas; most of these are inflamma-
tory polyps, but an occasional neoplastic polyp
also develops.

Ileorectal Anastomosis

A subtotal colectomy leaves behind a diseased
rectum with its associated complications, in-
cluding the risk of cancer.

An interesting retrospective study found that
21% of patients undergoing a subtotal or total
colectomy for ulcerative colitis required reoper-
ation for postoperative acute cholecystitis; none
of the patients undergoing colectomies for other
reasons (mostly cancer) developed acute 
cholecystitis (57).

Ileal Pouch

An ileoanal anastomosis and creation of an
ideal pouch eliminates all diseased rectal
mucosa and is the current therapy for both
familial polyposis syndrome and ulcerative
colitis. An ileoanal anastomosis is performed in
two stages: resection, anastomosis, and a divert-
ing loop ileostomy initially, followed by closure
of loop ileostomy several months later.

A special ileoanal barium study has been pro-
posed to predict the frequency of bowel move-
ments and measure pouch spasticity (58); with
the patient standing, barium sulfate is instilled
into the pouch until reflux into more proximal
small bowel occurs. The total volume infused
and volume voided are measured. The clinical
usefulness of such a quantitative test remains to
be determined.
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A leak, adjacent inflammation, abscesses, and
fistula formation are immediate complications
related to creation of an ileoanal pouch. A con-
trast enema is commonly performed to check
for stricture, leak, or other complication prior to
ileostomy closure. Strictures developing on a
more chronic basis are evaluated by endoscopy,
pouchography, CT, and endoluminal US.
Coronal CT visualizes most anastomoses and
adjacent structures. A high accuracy is claimed
for endoluminal transpouch US, but this study
has not achieved popularity.

Postoperatively, functioning ileal pouch
mucosa undergoes colonic metaplasia. Pouch
inflammation (pouchitis) is a late complication
and develops in about 10% to 30% of patients.
Although the underlying cause of pouchitis is
not clear, in some patients pouchitis presumably
represents recurrent ulcerative colitis. Patients
with primary sclerosing cholangitis develop
significantly more severe chronic pouch
inflammation than those without cholangitis
(59). Liver transplantation does not alter the
course of pouchitis in most patients. Pouchitis
appears to be related to ulcerative colitis
because it is uncommon in a pouch created for
familial polyposis.

Pouchitis is detected both by a barium study
and endoscopy. The final diagnosis is based on
histologic findings.

A long-term complication of an ileal pouch is
fistula formation. The pouch and any related
fistulas are readily evaluated with a barium
enema, although MRI is also useful in evaluat-
ing pelvic fistulas (60). For poorly understood
reasons, cholelithiasis is relatively common in
patients after an ileoanal anastomosis; most
stones are composed primarily of cholesterol.

One late complication after an ileoanal anas-
tomosis is small bowel volvulus, believed to be
related to surgical manipulation and the result-
ant mesenteric tension.

Diverticulitis

Clinical

Symptomatic diverticular disease tends to man-
ifest in one of two ways: either as an infection
evolving into diverticulitis or as a lower gas-
trointestinal hemorrhage, often massive but
typically self-limiting. The latter condition is

discussed later in this chapter; see Vascular
Lesions (Bleeding).

Acute right colonic diverticulitis is an
uncommon diagnosis in the Western world,
although the actual prevalence is not known
because some of these patients are treated con-
servatively. A higher prevalence of right colonic
diverticulitis is found in the Orient.Among con-
secutive patients admitted to Singapore General
Hospital with diverticular disease, 42% had
right-sided diverticula, 34% had left-sided, and
24% had bilateral (61); of these patients, 47%
had rectal bleeding, 36% diverticulitis, 12%
obstruction, and the rest presented with fistulas.
In the West, a correct preoperative diagnosis of
right colic diverticulitis is usually not made. A
not uncommon scenario is a preoperative diag-
nosis of acute appendicitis in an adult, found to
represent right colonic diverticulitis at surgery.
A necrotic cecal carcinoma is also in the clinical
differential diagnosis.

Left-sided diverticulitis in younger adults
tends to be more virulent than in the elderly.
These patients have a higher rate of emergency
surgery, and an erroneous preoperative diag-
nosis, such as appendicitis, is more often 
entertained.

Imaging

Quite often a patient with typical clinical
findings of acute sigmoid diverticulitis does not
undergo any imaging but is treated medically.
Only in patients with an atypical presentation or
those not responding to medical management is
CT obtained to evaluate for possible complica-
tions. Although CT readily detects diverticulitis,
the diagnosis is generally already suspected
clinically and a surgeon is more interested in
presence of complications. In some European
centers, on the other hand, a water-soluble con-
trast enema and, more recently, CT are obtained
during the acute attack.

Ultrasonography has been proposed in a
setting of acute diverticulitis; it is of particular
value in women for whom a gynecologic abnor-
mality is in the differential diagnosis. A contrast
enema should be approached with caution in
these generally acutely ill patients; first, a
barium enema is contraindicated because of a
possible perforation into the peritoneal cavity
(keeping in mind that a free perforation is a
known complication of acute diverticulitis), and
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if a contrast enema is needed a water-soluble
contrast agent is employed; second, these sick
patients tolerate an enema poorly, spasm is
common, and, due to the inherent low radi-
ographic contrast of water-soluble contrast
agents, details are difficult to evaluate. Also,
although water-soluble contrast agents are
innocuous in the peritoneal cavity, with a per-
foration invariably infected colonic matter is
also spilled.

Imaging studies are also requested if a patient
does not improve with medical therapy and
surgery is contemplated. For this latter indica-
tion imaging is performed primarily to exclude
complications of diverticulitis, namely
abscesses, fistulas, or other abnormalities such
as a necrotic tumor.

Further imaging is generally requested once
an acute attack has subsided and if an elective
resection is contemplated. At this point an
abscess is generally not a consideration, as the
surgeon is interested in the presence of any
other disease, namely, a necrotic, infected
cancer. Clinically, such a cancer can mimic
diverticulitis. The controversy here revolves
around the best modality with which to detect
a necrotic colon cancer. In this setting I prefer 
a double-contrast barium enema over CT,
although gastroenterologists argue for colono-
scopy. A differentiation between a necrotic
cancer and diverticulitis is usually straightfor-
ward with a barium enema but can be rather
subtle with CT. To illustrate this dilemma, a ret-
rospective study of patients with proved diver-
ticulitis and colon cancer, with readers blinded
to diagnosis, found that pericolic inflammation
and colonic involvement >10 cm in length were
the most significant findings for diverticulitis,
whereas enlarged pericolic lymph nodes and
intraluminal tumor were the most significant
findings for colon cancer (62); using these crite-
ria, a prospective CT study achieved a correct
unequivocal diagnosis in only 40% of patients
with diverticulitis and 66% of patients with
colon cancer (62), not a very satisfactory result.
Also, some patients with diverticulitis have
enlarged lymph nodes, thus further confusing
the differential between diverticulitis and a
necrotic cancer.

Table 5.2 outlines typical CT findings in acute
sigmoid diverticulitis. Not all findings are,
of course identified in any one patient. Most
commonly detected is pericolic inflammation.

Although diverticula are often identified, the
presence of diverticula is not a sign of divertic-
ulitis. Focal mural thickening is often found in
a setting of chronic diverticular disease without
evidence of acute inflammation. Some radiolo-
gists subdivide CT findings of diverticulitis into
mild and severe, with the latter including a
mesenteric abscess, fistula, and peritonitis, but
such differentiation is generally obvious 
clinically.

An arrowhead sign, consisting of an arrow-
head-shaped collection of contrast located
within a thickened colon wall, was identified by
postcontrast enema CT imaging in 27% of
patients with a final clinical diagnosis of colon
diverticulitis (63); an inflamed diverticulum,
consisting of a rounded, paracolic outpouching
with surrounding fat stranding, was found in
33% of these patients. Neither the arrowhead
sign nor an inflamed diverticulum was found in
any other condition in the authors’ study of 150
consecutive patients suspected of diverticulitis,
and thus both achieved 100% specificity; of
interest is that almost half of the inflamed diver-
ticula identified contained high attenuation
material.

The results of US in detecting and evaluating
sigmoid diverticulitis are mixed. Comparison
studies of CT and US in patients suspected of
having acute colonic diverticulitis reveal 
similar sensitivities and specificities for CT and
US; more pericolic diverticular abscesses are
identified with CT than US. Either a concomi-
tant adynamic ileus or an obstruction tends to
limit adequate US visualization of the region in

Table 5.2. Computed tomography findings in acute sigmoid
diverticulitis

Focal sigmoid wall thickening
Arrowhead sign (see text)
Inflammation

Pericolic
Sigmoid mesentery

Phlegmon
Abscess

Intramural
Pericolic

Fistula
Obstruction

Sigmoid obstruction
Small bowel obstruction

Portal and mesenteric vein gas
Peritonitis
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question. Some gas-containing abscesses mimic
bowel loops. Ultrasonography identifies some
noninflamed diverticula, with these diverticula
often containing echogenic material. Ultra-
sonography findings of diverticulitis include
bowel wall thickening, seen as a thick hypoe-
choic layer, and pericolonic fat inflammation,
seen as a hyperechoic layer. The suspect diver-
ticulum, if identified, appears as a hyperechoic
focus adjacent but outside the colonic lumen. A
flask-like or arrowhead-like hypoechoic appear-
ance is occasionally detected in colon segments
affected by diverticulitis. Fistulas have a linear,
hypoechoic appearance.

Overlying intestinal gas is avoided with
endorectal US. Occasionally a perforation,
abscess, or fistula not shown on transabdominal
US is identified with endorectal US.

Bowel wall thickening, abscesses, fistulas, and
sinus tracts are well detected with MRI (Fig.
5.8). Surrounding inflammation appears on 
T1-weighted images as hypointense stranding
within hyperintense fat. The inflammatory com-

ponent enhances postcontrast. As with CT, a
necrotic colon cancer is difficult to distinguish
from diverticulitis with MR.

In differentiating right-sided colonic diverti-
culitis from a carcinoma, detection of an
inflamed diverticulum by CT had a mean sensi-
tivity of 87% and specificity of 93%, while pre-
served wall contrast enhancement had a mean
sensitivity and specificity of 90% and 95%,
respectively (64). Follow-up US in patients
believed to suffer from acute right colonic diver-
ticulitis reveals spontaneous evacuation of the
inflamed diverticular content into the colonic
lumen.

Complications

Complications of diverticulitis include fistula,
abscess, perforation with peritonitis, and
obstruction. The latter complication involves
either colon or an adjacent loop of small bowel.

Among patients with diverticular fistulas,
slightly less than half are colovesical, similar

Figure 5.8. CT (A) and MR (B,C) colonography of diverticulitis.
Axial CT is commonly used with suspected diverticulitis but
value of MR is not yet established. (Courtesy of Wolfgang
Luboldt, M.D., Johann Wolfgang Goethe University, Frankfurt-
am-Main.)

A

B

C
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number are colovaginal and a few percent are
colocutaneous and coloenteric. Rare colouterine
and colosalpingeal fistulas have been reported.
A rare fistula extends into the thigh and pres-
ents either as a septic arthritis or as subcuta-
neous emphysema. A rare complication of
sigmoid diverticulitis is vertebral osteomyelitis.
Most fistulas are readily detected by CT. In fact,
CT is superior to cystoscopy in detecting
colovesical fistulas.

Inferior mesenteric vein thrombophlebitis is
an underappreciated complication of sigmoid
diverticulitis; CT reveals an enlarged and
inflamed inferior mesenteric vein. At times gas
is identified within the vein lumen. Sigmoid
diverticulitis is a common cause of multiple
liver abscesses and portal venous gas.

On an acute basis, bowel obstruction is due 
to inflammation and edema. Small bowel
obstruction develops if a loop of small bowel
becomes adherent at the site of inflammation 
or abscess. A persisting obstruction implies a
fibrotic stricture and is an indication for resec-
tion. A barium enema can generally differenti-
ate between a benign diverticular stricture and
one due to cancer. A correct barium enema dif-
ferentiation between benign and malignant
strictures was made in most patients with a
documented sigmoid strictures (65); only one
benign stricture was called malignant, but
caution was advised for benign-appearing stric-
tures; nine malignant strictures were called
benign.

Therapy

In general, a first episode of uncomplicated
diverticulitis is managed conservatively. Most
patients with a typical acute episode treated
medically with bowel rest and antibiotics do not
undergo surgery. Surgery is considered in those
with recurrent attacks or those unresponsive to
conservative therapy.

Chronic diverticulitis has been treated
laparoscopically. Similar to other laparoscopic
procedures, patients have a faster recovery and
shorter hospital stay than those undergoing
conventional surgery. The procedure costs more
than an open resection in the United States
because of longer operating room time, but the
reverse applies in Germany.

Perforated sigmoid diverticulitis is generally
resected, a colostomy performed, and a 

Hartmann’s pouch or mucus fistula created,
followed later by a second laparotomy to re-
establish colon continuity. One option feasible
in some patients is initial percutaneous abscess
drainage, followed in a week or so by resection
and primary anastomosis, thus sparing the
patient a temporary colostomy and a second
laparotomy.

Surprisingly, some surgically treated patients
continue being symptomatic.

Infective Colitis

Mentioned here are only those infections 
primarily affecting the large bowel; others are
covered in Chapter 4. Patients with salmonella,
shigella, or yersinia infection develop bowel wall
thickening, a nonspecific finding. Yersinia infec-
tion also leads to adenopathy and focal ulcera-
tions of involved bowel (Fig. 5.9).

In patients with acute infectious diarrhea and
a single identified enteropathogen, a majority
are due to invasive pathogens; the presence of
blood in stool is almost pathognomonic for 
an invasive agent but this finding has a low 
sensitivity.

Figure 5.9. Yersinia enterocolitis.A barium enema reveals ulcers
scattered throughout the rectum.
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Escherichia coli

Enterohemorrhagic colitis is caused by a 
noninvasive E. coli serotype, often manifesting
in outbreaks due to undercooked food. The con-
tiguous right colon tends to be predominantly
involved, with imaging findings mimicking
either mild-to-moderate ischemic colitis or
Crohn’s disease. Computed tomography appears
to be more sensitive than conventional radi-
ographs in identifying diseased segments (66).

Hemolytic uremic syndrome associated with
E. coli infection has an intestinal prodromal
phase, with a hemorrhagic acute colitis found 
in some patients. In fact, in North America,
hemolytic-uremic syndrome after E. coli hem-
orrhagic colitis is the main cause of pediatric
renal failure requiring kidney transplant.
During this prodrome phase color Doppler US
reveals a thickened, markedly avascular colonic
wall.

Phlegmonous Colitis

Phlegmonous colitis is an often unrecognized
and usually fatal condition caused by bacterial
infection. In an autopsy study of patients with
phlegmonous colitis, all had either underlying
hepatic cirrhosis or subacute liver atrophy
believed to be due to viral hepatitis (67); phleg-
monous colitis was not suspected prior to 
death. Pathologic findings consisted of cecal
involvement (77%), edema and submucosal
phlegmonous changes (100%), bacterial infec-
tion (100%), no detectable mucosal injury
(92%), and acute peritonitis (15%).

At times total colectomy is necessary for 
adequate disease control.

Amebic Colitis

Amebiasis, or infection by Entamoeba histo-
lytica, ranges from asymptomatic carriers to a
fulminant and necrotizing colitis. At times
during an acute phase the clinical presentation
suggests inflammatory bowel disease, with
severe intestinal bleeding, progression to ful-
minant colitis, or even perforation. Colonic
mucosal necrosis is common.

Among patients with fulminant amebic
colitis seen at a referral center in Mexico, about
half also had a coexistent amebic liver abscess
(68). The reverse is also true; in 45 patients with
amebic liver abscesses, colonoscopy revealed

colonic involvement in 58% (69). Most often
acute colonic involvement consists of discrete
ulcers in the right colon. Coloenteric or recto-
vaginal fistulas are not common with intestinal
amebiasis.

Tuberculous colitis and chronic amebic
colitis tend to have a similar imaging appear-
ance, although tuberculosis is more prone to
involve mesentery and small bowel (Fig. 5.10).

Schistosomiasis

Schistosoma mansoni, or intestinal bilharziasis,
is endemic in West Central Africa, the Arabian
peninsula, some Caribbean islands, and the
Atlantic Ocean side of South America. Chronic
infection tends to localize mostly in mesenteric
veins draining the colon; eggs are deposited 
in submucosal veins and pass into the bowel
lumen. Associated portal hypertension, hepa-
tomegaly, and splenomegaly develop eventually.
Gastrointestinal bleeding in infected individuals
is from two sources: either direct colonic infes-
tation or bleeding esophageal varices secondary
to portal hypertension.

Schistosoma japonicum has been eradicated
in Japan, and currently is found in China,
Thailand, Philippines and Indonesia; Schisto-

Figure 5.10. Descending colon stricture secondary to amebic
colitis (arrow). A tuberculous stricture or one due to inflamma-
tory bowel disease can have a similar appearance.
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soma mekongi is mostly in the Mekong valley;
these have a similar bowel presentation and are
a major cause of liver fibrosis and resultant
portal hypertension. Schistosoma intercalatum,
endemic in central Africa, affects the rectosig-
moid and manifests with pain, diarrhea, and
rectal bleeding.

Colonic ulcers, neovascularity, fibrosis, and
giant cell granulomas surround S. mansoni eggs.
Hyperemia and telangiectasia are the endo-
scopic findings of colonic infestation, indicative
of increased vascularity, changes also secondary
to portal hypertension developing in some
patients with schistosomal liver involvement.
Such portal colopathy is not pathognomonic for
this condition but is also found in patients with
portal hypertension due to other causes.A gran-
uloma can mimic an adenomatous polyp during
colonoscopy.

Computed tomography reveals a thickened,
poorly marginated bowel wall having varying
contrast enhancement. These findings presum-
ably reflect underlying inflammation and portal
hypertension.

Tuberculosis

Abdominal tuberculosis is discussed in more
detail in Chapter 14.

In endemic areas, about 10% of gastrointesti-
nal tuberculosis involves the colorectum and
consists of strictures, colitis and, least common,
polyps (70). Symptoms tend to be those of
chronic infection.A majority of intestinal tuber-
culosis is secondary to pulmonary involvement.

Biopsies often fail to establish a diagnosis, at
times revealing granulomas, although non-
specific inflammation is a more common histo-
logic finding. Resected specimens reveal
inflammation, caseating granulomas, and Lang-
hans giant cells, all consistent with tuberculosis,
but acid-fast bacilli are rarely isolated.

A not atypical clinical history consists of con-
stipation, weight loss, and abdominal pain, with
occasional rectal bleeding. Blood tests and chest
radiographs are often noncontributory. Massive
rectal bleeding is uncommon.

In its chronic form tuberculosis results in
colonic strictures, ileocecal valve deformity,
ulcerations, polyps, and fibrous bands, with 
the right colon and ileum being most often
involved. The cecal lumen narrows. A wide,
gaping ileocecal valve, often with deformed and

thickened valve lips, is a characteristic finding
but not always present. The terminal ileum 
is deformed, narrowed and suggests Crohn’s
disease. Colonic involvement tends to be seg-
mental, at times involving multiple sites. A
tuberculous stricture often mimics a benign-
appearing colonic stricture such as is seen in
Crohn’s disease (Fig. 5.11). Rarely, colonic tuber-
culosis manifests as a diffuse pancolitis.

Colonic tuberculosis does lead to fistulas,
including an occasional duodenocolic fistula,
but fistulas and sinus tracts are less common
than with Crohn’s disease.

Tuberculous rectal involvement is uncom-
mon. A barium enema in these patients reveals
a stricture of variable length, deep ulcerations,
and a widened presacral space; biopsy simply
yields a granulomatous infiltrate. Anal and peri-
anal tuberculosis results in findings similar to
Crohn’s disease.

Over the years a number of reports described
cecal tuberculosis coexisting with a cecal ade-
nocarcinoma. Due to the distortion, even at
surgery an underlying carcinoma can be
difficult to identify.

These patients respond to antitubercular
therapy and often do not require surgery.

Figure 5.11. Tuberculous colitis presenting as a stricture
(arrow). An ameboma, ischemic stricture, or even inflammatory
bowel disease can have a similar appearance.
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A double-contrast barium enema reveals skip
lesions and multiple, transverse, or circumfer-
ential ulcers, with the ulcers ranging from
shallow to deep and having an uneven, nodular
margin. Inflammatory polyps are common,
occasionally mimicked a malignancy.

Actinomycosis

Actinomyces israelii, an anaerobic bacterium, is
normally found in the upper gastrointestinal
tract and here it rarely causes disease. In the
pelvis, on the other hand, actinomycosis results
in fistulas, inflammatory tumors, strictures, and
abscesses. It causes more harm in women and is
often associated with intrauterine devices. The
diagnosis is often established by culture of a
removed contraceptive device.

With colonic involvement, generally rectosig-
moid, the induced marked fibrosis tends to
mimic a colon cancer by barium enema, CT, and
endoscopy, except that a common hallmark of
actinomycosis is extensive fistulization, at times
even cutaneously, an uncommon finding with a
cancer. Thus a barium enema often reveals
extensive fistulas, generally more than is seen
with diverticulitis or even Crohn’s disease. Com-
puted tomography shows a contrast-enhancing
tumor, often containing a cystic component.
Ileocecal region involvement leads to ileocecal
valve enlargement.

Computed tomography of abdominopelvic
actinomycosis reveals concentric or eccentric
bowel wall thickening of varying contrast
enhancement, together with a heterogeneously
enhancing tumor adjacent to involved bowel
(71). At times an abscess is in the differential
diagnosis. Progression over time tends to be
gradual, raising further suspicion for cancer. As
one example, a barium enema in a patient
revealed a tumor at the base of the cecum and a
narrowed sigmoid colon, whereas CT identified
a mass in the ileocecal region (72); 7 months
later adjacent tissues were more infiltrated, the
cecum more involved, the sigmoid colon further
narrowed, and pelvic extension identified. A
pelvic abscess and appendiceal carcinoma were
in the differential diagnosis. Laparotomy and
histology revealed chronic inflammation involv-
ing the ileocecal region, right ureter, fallopian
tube, ovary, bladder, psoas muscle, and abdom-
inal wall, and confirmed the underlying actino-

mycosis. At times aspiration from an infected
mass provides the diagnosis.

Even with extensive involvement, once a diag-
nosis of actinomycosis is established medical
therapy rather than resection is generally war-
ranted. In practice, however, the diagnosis is
difficult, and some patients are noncompliant
with long-term antibiotic therapy.

Anisakiasis

Anisakiasis is considerably more common in
the upper gastrointestinal tract than in the
colon. Several patients with ascending colon
involvement by Anisakis simplex larvae pre-
sented with an acute abdomen. Imaging
identifies focal colonic wall thickening, mimick-
ing diverticulitis or ischemia.

Viral

Herpes simplex colitis leads to aphthae and ero-
sions. Quite often only a short colonic segment
is involved.

Cytomegalovirus colitis is rare in immuno-
competent patients. Infection has led to ful-
minant hemorrhagic colitis. Imaging reveals
colonic wall thickening and ulceration, in some
patients mimicking a neutropenic colitis (Fig.
5.12).

A rare immunocompetent patient develops
primary cytomegalovirus colitis, followed by
ulcerative colitis, raising the possibility of
cytomegalovirus infection triggering the onset
of ulcerative colitis.

Typhlitis/Neutropenic Colitis

Typhlitis is not a specific disease but a descrip-
tive term of cecal inflammation. The term was
more in vogue at the beginning of the 20th
century, prior to appendicitis being identified as
a separate entity. Currently the term typhlitis
is reserved mostly for a primarily neutropenic
cecal infiltration developing in a setting of acute
leukemia, lymphoma, aplastic anemia, and
other immunologic deficiency conditions.

Neutropenic colitis is common in immuno-
compromised neutropenia patients, most 
often in patients with hematologic malignan-
cies, transplant patients, and those with AIDS.
A viral organism is isolated in some, with
cytomegalovirus predominating. Superimposed



210

ADVANCED IMAGING OF THE ABDOMEN

focal ischemia and infection result in bowel 
wall inflammation and, if severe enough, necro-
sis. The differential diagnosis often includes
primary infection and neoplastic infiltration.

Imaging reveals cecal wall thickening extend-
ing for varying lengths into the ascending colon.
Lumen distention is an inconsistent finding.
Often CT detects a hypodense cecal wall due to
edema. Surrounding inflammation, fat strand-
ing, and pericolonic fluid are common.

Drug-Related Colitis

Classification of some of the following condi-
tions is arbitrary. Ischemia is often the final end
point.

Antibiotic-Associated
(Pseudomembranous) Colitis

Clinical

Whether the term antibiotic-associated colitis or
pseudomembranous colitis is used is a personal
choice; some authors simply label this condition
Clostridium difficile diarrhea. A pseudomem-
brane is not always identified; then again, an
occasional adult develops pseudomembranous
colitis, even a fulminant one, without recent
antibiotic therapy. A similar condition was
already recognized in the preantibiotic era
when it was encountered mostly after surgery
and manifested as an enteritis. Associated mal-

nutrition, immunodeficiency, and colonic stasis,
especially in fragile elderly patients, result in
high morbidity and mortality.

Numerous antibiotics and other drugs are
responsible for this condition. Antitumoral
agents induce a pseudomembranous colitis, pre-
sumably due to their combination antimitotic
and antibacterial activity. 5-Fluorouracil often
results in a mild, nonspecific colitis but rarely
leads to florid pseudomembranous colitis. Inter-
feron occasionally results in an acute colitis
similar to inflammatory bowel disease. Toxin-
producing strains of the anaerobic bacterium C.
difficile are implicated in almost all instances,
although rarely Staphylococcus aureus, Clostrid-
ium perfringens, Yersinia enterocolitica, and
some strains of salmonella and shigella are
involved. Rarely, more than one organism is
involved.

Pathogenesis consists of the replacement of
normal colonic bacterial flora by C. difficile with
release of mucosal toxins. Damage is secondary
to at least two toxins: an enterotoxin (toxin A),
which induces intestinal tissue damage and
fluid response, and a cytotoxin (toxin B), which
produces an in vivo additive effect. A fast and
inexpensive enzyme-linked immunosorbent
assay (ELISA) test for the enterotoxin is avail-
able, although it is not foolproof. Also, an anti-
body response to these toxins is detected in
some asymptomatic carriers.

Complicating the picture is a wide spectrum
of clinical presentations ranging from an asym-
ptomatic carrier to a fulminant, life-threatening

Figure 5.12. Cytomegalovirus colitis. A,B: Two pelvic CT images reveal a dilated, thick-walled colon (arrows). Pseudomembranous
colitis is in the differential diagnosis. (Courtesy of Patrick Fultz, M.D., University of Rochester.)
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toxic megacolon-like condition. Findings are
most evident in the colon, although more exten-
sive bowel involvement develops in some
patients. Clinically, colitis with fever, elevated
erythrocyte sedimentation rate, and elevated
white cell count are common.

An experienced observer can suggest the
diagnosis during sigmoidoscopy. Biopsy of
characteristic plaques confirms the diagnosis.
One should avoid making a diagnosis of
antibiotic-associated colitis based solely on
stool culture for C. difficile; asymptomatic car-
riers exist both in adults and neonates, espe-
cially in hospitals.

In spite of adequate medical management,
some patients progress to toxic megacolon 
and perforation. Occasionally a colectomy is
necessary. One novel therapy is formation of
a colostomy and instillation of vancomycin
through the colostomy.

Imaging

Conventional radiographs detect only more
extreme bowel involvement. A toxic megacolon
appearance is indistinguishable from that seen
in inflammatory bowel disease.

A barium enema is not necessary and is
poorly tolerated by these patients. Performed
early in the course of this condition it shows
multiple small plaques, a shaggy bowel wall
outline, thickened haustra, and bowel wall
thickening.

Ascites develops as the condition progresses.
Ascites is also found in a number of other 
colitides (except ulcerative colitis), and its pres-
ence does not aid in narrowing a differential
diagnosis.

Once pseudomembranous colitis is well
established, CT detects nodular haustral thick-
ening, thickened colonic wall ranging from seg-
mental to a pancolitis, ascites, and pericolonic
edema (Fig. 5.13); the markedly serrated lumen
identified by conventional radiography has been
called the CT accordion sign. These serrations
should not be confused with deep ulcers or
sinus tracts. One should keep in mind, however,
that the accordion sign is not specific for
pseudomembranous colitis and other causes of
colonic inflammation or edema also result in
this sign.

Arterial phase CT reveals a target sign, con-
sisting of a hyperdense inner and outer wall

margin with an interposed hypodense sub-
mucosa. A number of disorders have a similar
abnormal appearance. Although CT can suggest
the diagnosis in the appropriate clinical setting,
laboratory findings are more sensitive. At one
institution, C. difficile colitis was explicitly diag-
nosed at CT with a 52% sensitivity and 93%
specificity (73).

Ultrasonography shows a thickened bowel
wall and luminal narrowing. Some patients have
two concentric bowel wall rings: a thick hetero-
geneous hyperechoic inner ring composed of
plaques and mucosal and submucosal edema,
and a thinner hypoechoic outer ring represent-
ing muscularis propria.

Indium-111–labeled leukocyte imaging 
identifies bowel activity. 18F-FDG-PET in a
patient with C. difficile colitis can result in
marked 18F-FDG uptake throughout the colon
wall.

Nonsteroidal Antiinflammatory 
Drug Colopathy

Nonsteroidal antiinflammatory drugs are asso-
ciated with a nonspecific colitis. Analgesic sup-
positories cause extensive proctitis, including
ulcerations. They have been implicated in col-
lagenous colitis. They also exacerbate a pre-
existing colitis. Pathogenesis of this condition 
is unclear, although vascular stenoses and
resultant ischemic are likely causes.

These drugs are implicated in erosions and
colonic ulcers. An occasional patient develops a

Figure 5.13. Clostridium difficile colitis. CT reveals circumferen-
tial colonic and rectal wall thicken (arrow). (Courtesy of Patrick
Fultz, M.D., University of Rochester.)
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benign-appearing colonic stricture, including
short, diaphragm-like colonic strictures (74).
Biopsy reveals cryptitis, fibrosis, and granulo-
mas, suggesting Crohn’s disease, but the
findings clear after drug discontinuation. Colitis
recurs with drug rechallenge.

Bloody diarrhea and abdominal pain are
typical presentations and, on a more chronic
basis, weight loss and iron-deficiency anemia
ensue.

Cathartic Colitis

Cathartic colitis is a term applied to the colonic
findings developing secondary to chronic stim-
ulant laxative abuse. Often implicated is chronic
ingestion of bisacodyl, phenolphthalein, senna,
and casanthranol. Anthranoid laxatives such as
senna (Cassia senna) and cascara (Rhamnus
purshiana) are commonly used purgatives in
treating constipation. After passing unabsorbed
to the colon, they are metabolized to active 
aglycones, which act as laxatives by damaging
epithelial cells, thus affecting normal absorp-
tion, secretion, and bowel motility. Damaged
epithelial cells eventually produce a pigmented
mucosal, called (pseudo)melanosis coli. This 
pigmentation gradually disappears after 
drug cessation. When detected endoscopically,
melanosis coli usually implies chronic anthra-
noid laxative abuse, although melanosis coli has
also been described in patients with chronic
inflammatory bowel disease (75).

Previous studies suggested that anthranoid
laxative use and resultant melanosis coli is
tumorigenic, and these patients are at increased
risk for colorectal cancer, but a more recent
prospective study found no significant risk for
either colorectal adenomas or carcinomas (76).

Colonic redundancy and dilation are com-
mon in patients with chronic constipation, but
loss of haustral folds is found only in those
taking laxatives.

Cocaine Colitis

Cocaine colitis is considered a form of ischemic
colitis. Left colon lesions predominate and
consist of ulcers, hemorrhagic, edematous
mucosa, and inflammatory polyps; rectal
involvement is common, an unusual finding
with classic ischemic colitis. Histologically,
lesions range from acute to chronic, probably

reflecting repeated cocaine use. When severe,
patchy necrosis to the point of perforation and
multiple small vessel thrombi develop.

Collagenous/Microscopic/Lymphocytic Colitis

Collagenous colitis and microscopic colitis (also
called lymphocytic colitis) are recently recog-
nized clinicopathologic conditions, but whether
these are separate entities or variations of a
single condition is not clear. Little evidence 
supports two distinct disorders; the immune
abnormalities are similar in both and a similar
immune mechanism appears involved. The two
names reflect their histologic findings. Patho-
genesis of both appears to be either inflamma-
tory or autoimmune in nature; a role for
infection or drug toxins is speculative.

Collagenous/lymphocytic colitis is most
often associated with nonsteroidal antiinflam-
matory drugs. Underlying rheumatologic and
autoimmune diseases are often present; even
celiac disease exists in some patients. Some
patients have associated gastric and duodenal
subepithelial collagenous deposits or Crosby
capsule biopsy evident but subclinical small
intestinal abnormalities. A possible patho-
genetic association between interstitial cystitis
and collagenous colitis has been raised. This
condition may not be limited to the 
colon.

Biopsies in both collagenous and lympho-
cytic colitis reveal intraepithelial lymphocytes,
probably a reflection of epithelial injury, and a
lamina propria plasma cell and neutrophil
infiltrate. In collagenous colitis a thickened col-
lagen band is evident beneath the surface
epithelium, a finding missing in microscopic
colitis. In an occasional patient microscopic
colitis progresses to collagenous colitis.

Symptoms in patients with collagenous 
colitis tend to be nonspecific, with chronic
watery diarrhea and abdominal pain predomi-
nating. Most patients are women in their sixth
decade or older. Most patients have spontaneous
or treatment-related resolution of their symp-
toms. One unusual association was salmonella
osteomyelitis developing in a patient with col-
lagenous colitis (77).

A barium enema or endoscopy reveals no
specific abnormality in most patients. In a
minority macroscopic erosions and even ulcer-
ations are evident. Endoscopic findings also
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include edema, erythema, and an abnormal 
vascular pattern (78). The diagnosis rests on
histopathologic findings.

Diversion Colitis

After surgical bowel diversion and formation of
an excluded segment, some patients develop
inflammatory changes in the diverted bowel.
These consist of aphthae, crypt abscesses, and
easy friability. Large ulcerations develop in an
occasional patient.

Malacoplakia

Colonic malacoplakia is rare, occurring both in
isolation and in association with other diseases.
Although not a neoplasm, malacoplakia is
locally aggressive and invades surrounding
tissues. At times it is multifocal. Kidney trans-
plant patients, in particular, appear prone to
develop colorectal malacoplakia; in some, mala-
coplakia appears related to immunosuppression
therapy. It has developed in a colon adenoma,
although more often it is associated with a car-
cinoma, where malacoplakia is located adjacent
to the tumor.

Rare clinical manifestations of malacop-
lakia include massive hemorrhage and cecal
perforation.

Imaging usually suggests a malignancy. Some
develop multiple polyps. Malacoplakia in one
patient was hyperdense on unenhanced CT,
hypointense both on T1- and T2-weighted MR

images, and enhanced slightly after gadolinium
(79); the authors postulated that intracytoplas-
mic siderocalcific inclusions accounted for the
CT and MRI findings.

Other Colitides

A barium enema should be diagnostic of colitis
cystica profunda. If large enough, the fluid-filled
cysts are also visible with CT or endorectal US
(if the rectum is involved).

Occasional reports describe a hot-water
enema or some chemical inducing colitis 
(Fig. 5.14).

Xanthogranulomatous inflammation of the
sigmoid colon has led to colonic obstruction.

Kawasaki disease (mucocutaneous lymph
node syndrome) in a child can present with
fever and focal colitis.

Neonatal Necrotizing Enterocolitis
Clinical

A disease more common in premature neonates,
necrotizing enterocolitis (NEC) typically starts
with bloody diarrhea or distention several 
days after birth. Although a number of factors
have been postulated, epidemic outbreaks in
newborn nurseries implicate an infectious role.
The final common pathway is probably ischemia
with subsequent mucosal or more severe
damage. A condition similar to neonatal NEC
occasionally develops in older infants. Many

Figure 5.14. Chemical-induced colitis in a patient who was giving herself hydrogen peroxide enemas for constipation. A,B: CT shows
marked rectosigmoid wall thickening (arrows). (Courtesy of Thomas Miller, M.D., San Luis Obispo, California.)
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have had prior major surgery, and underlying
ischemia appears to be a factor.

Necrotizing enterocolitis carries a high mor-
tality, averaging 50% in some centers, with mor-
tality varying inversely with gestational age and
birth weight. Extensive bowel resection may
result in a short gut syndrome.

Imaging

Any part of the bowel can be involved, although
the most common sites are distal small bowel
and proximal colon. Involvement ranges from
diffuse to segmental. Among neonates undergo-
ing surgery, about a third have NEC totalis (80).
Strictures, usually colonic, and more often in the
left colon, develop as a late complication.

Conventional radiography early in the course
of NEC reveals small bowel dilation, then
colonic distention. In some neonates focal
regions of bowel lumen narrowing and wall
thickening are evident, nonspecific findings.
Eventually pneumatosis intestinalis and portal
venous gas develop in some, findings almost
pathognomonic for NEC in neonates (it is a gas
and not air as some of the literature claims).
Although in adults portal venous gas carries a
grave connotation, in these neonates such gas
represents a more benign finding. Complicating
the picture, some babies even with severe NEC
do not develop pneumatosis or portal venous
gas. Ascites is usually a sign of severe NEC, a
finding difficult to detect with conventional
radiography but readily apparent with US.
Although these findings are useful as a guide,
they are insensitive in predicting impending
perforation.

In neonates with NEC and portal venous gas,
venous gas developed within 24 hours of onset
of abdominal distention, feeding intolerance, or
a finding of rectal blood (80); pneumatosis
intestinalis was identified in 80%, and 20% pro-
gressed to perforation. Venous gas initially was
transient but recurred in some of these
neonates.

Urine CT attenuation is increased after
enteral iohexol in neonates with NEC; in normal
neonates urine CT attenuation is slightly above
water. A serial increase in urine CT attenuation
coefficients after oral ingestion of iohexol is
associated with clinical deterioration (81).

Complications of NEC include perforation,
often early in the course. Serial conventional

horizontal-beam radiographs are necessary to
detect a subtle perforation. Perforation, or
impending perforation, is an indication for
surgery.

A contrast enema is usually not performed
during the acute episode because of a perceived
increased risk of perforation. Most strictures are
detected with a barium enema later, after the
acute insult has resolved. An occasional sequela
is an enteroenteric or enterocolic fistula.

If an ileostomy or colostomy is necessary,
study of the distal colon is worthwhile prior to
ostomy takedown to ensure that no residual
strictures exist.

Ischemic Colitis
Clinical

Bowel ischemia and various vasculitides are dis-
cussed in more detail in Chapter 17. Isolated
colonic ischemia is relatively common, espe-
cially in the elderly, and its clinical and imag-
ing manifestations are sufficiently discrete to
warrant separate discussion. Colon ischemia is
often included under the colitides. Especially
when chronic in nature, ischemic colitis and
some of the vasculitides tend to mimic
inflammatory bowel disease. Some of the condi-
tions associated with colonic ischemia are listed
in Table 5.3.

A typical clinical presentation is sudden onset
of abdominal pain, distention, and bloody
maroon-colored diarrhea. Atypical presenta-
tions are relatively common; in a study of
patients with eventually proven ischemic colitis,
ischemia was initially not suspected clinically in
30% (82). Underlying atherosclerosis, shock,
and congestive heart failure are common but
not universal findings in these often elderly
patients. Sequelae range from a mild, self-
limiting condition to major bowel infarction
and death.

Most common sites for colonic ischemia are
at the splenic flexure and sigmoid.At the splenic
flexure a branch of the middle colic artery forms
an anastomosis with an ascending branch of the
inferior mesenteric artery, feeding the marginal
artery of Drummond. This marginal artery is
present in less than half the population; the
tenuous splenic flexure blood supply only
becomes worse with onset of arteriosclerotic
disease.
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Isolated rectosigmoid ischemia is uncom-
mon, presumably because of collateral blood
supply. Occasionally sigmoid colectomy leads to
rectal infarction; presumably the superior rectal
arteries, which are sacrificed at resection,
provide major rectal blood flow.

Colonic infarction in one patient led to tran-
sient gastric emphysema (83).

Ischemia after hemorrhagic shock is more
common in the small bowel than colon. In the
large bowel, the right colon is most often
involved, even to the point of ischemic necrosis.
Resection in some of these patients reveals no
vascular thrombi or emboli, and nonocclusive
ischemia is presumably responsible.

A type of ischemic colitis warranting separate
mention is that occurring proximal to a colonic
obstruction. Also called obstructive colitis, it is
similar to inflammatory bowel disease. Ischemia
in this condition is due to an impaired venous
blood flow secondary to a combination of
increased endoluminal pressure, underlying
atherosclerotic disease that otherwise would be
asymptomatic, and other possible factors. The

prevalence is about 1% to 5%, mostly in elderly
patients. The most common cause of associated
obstruction is a carcinoma, less often a benign
stricture or diverticulitis; the ischemic segment
appears thickened, ulcerated, or even necrotic.
At times pneumatosis is evident. Untreated,
perforation ensues.

Imaging

The role of imaging during an acute ischemic
attack is to confirm that a patient’s symptoms
are indeed due to colon ischemia rather than to
another etiology. Angiography has a lesser role
in detecting colon ischemia than in the past.
Often identified is atheromatous disease involv-
ing major vessels.

Imaging findings during the acute phase
consist of bowel wall thickening, seen as
thumbprinting, and ulcerations, eventually
clearing or evolving into strictures or frank
necrosis. An ischemic segment tends to have
sharp margins, in distinction to most acute
infective colitides, which have poorly defined
margins. Computed tomography readily
identifies colonic wall thickening; pericolonic
stranding is common but is nonspecific. Occa-
sionally seen is a “halo” sign, consisting of an
inner hypodense ring surrounded by a hyper-
dense outer ring, a nonspecific sign also found
in some other colitides.

Computed tomography reveals the involved
colonic wall to range from a heterogeneous
appearance suggesting edema in about two
thirds and homogeneous thickening in one
third, with occasional intramural gas; wall
thickening and segmental involvement are
common.

Isolated cecal ischemia or infarction is rare.
Clinically, appendicitis is suspected but CT
should differentiate these two entities.

Doppler US aids in differentiating between
inflammation and ischemia of thickened bowel
wall. The absence of color Doppler flow and
absence of arterial signal suggests ischemia; in
fact, the absence of arterial flow in the wall of an
ischemic colon predicts an unfavorable outcome
(84).

In-111–labeled leukocyte imaging detects
bowel activity in ischemic colitis. Normally In-
111 activity is not identified in bowel.A primary
purpose of Tc-99m-HMPAO leukocyte scan is to
detect inflammation rather ischemia, but in an

Table 5.3. Conditions associated with ischemic colitis

Arteriosclerotic vascular disease
Venous thrombosis
Low flow states (hypotension, stasis)
Emboli

Atherosclerotic emboli
Cholesterol emboli

Vasculitides
Behçet’s syndrome
Cocaine-use colitis
Polycythemia in a smoker
Polycythemia vera and extensive extramedullary 

hematopoiesis
Takayasu’s arteritis
Thromboangiitis obliterans (Bürger’s disease)
Systemic lupus erythematosus
Polyarteritis nodosa
Dermatomyositis
Allergic granulomatous vasculitis (Churg-Strauss 

syndrome)
Other

Associated with oral contraceptives
Massive caustic ingestion
A late complication of hemolytic-uremic syndrome
Familial dysautonomia (Riley-Day syndrome)
During a-interferon therapy
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occasional patient, this scan reveals marked
uptake within an ischemic sigmoid colon.

Conventional radiography in three patients
revealed vascular calcifications close to the 
right hemicolon, a barium enema showed
thumbprinting and right colic lumen narrow-
ing, and CT detected colon wall thickening and
venous calcifications (85); the authors termed
this condition phlebosclerotic colitis.

Radiation Proctocolitis
Radiation proctocolitis is a disabling, often
delayed manifestation of radiation injury and
results in an obliterative endarteritis and
ischemia. Because of its proximity to gyneco-
logic structures, the rectum is a common site of
involvement. These patients range from asymp-
tomatic to having chronic bleeding, obstruction
due to strictures, or fistulas. Bleeding typically
develops months after completion of radiation
therapy. Before ascribing rectal bleeding to
proctitis, however, other causes of gastrointesti-
nal bleeding should be excluded in these
patients.

Computed tomography findings following
radiation therapy vary. Detected are perirectal
fascia thickening, increased perirectal fat
density, and, less often, rectal wall swelling. Pre-
sacral space widening develops in a minority,
increasing with dose. These changes develop
soon after start of therapy.

Endorectal US shows thickening of perirectal
connective tissue and obliteration of the rectal
submucosal echogenic layer along the anterior
rectal wall (86).

Magnetic resonance imaging identifies radia-
tion fibrosis as irregular enhancement and high
signal intensity, often even years later.

Clinically significant bleeding from radiation-
induced proctitis has been managed suc-
cessfully using a combination of endoscopic
yttrium-aluminum-garnet (YAG) laser therapy
and application of topical formalin dressings to
the rectal mucosa.

The risk for future neoplasms with chronic
radiation proctocolitis, even decades after
pelvic radiation, is well known to most physi-
cians. Both flat (nonpolypoid) adenomas and
rectal carcinomas develop. Imaging is not reli-
able in detecting small neoplasms in the pres-
ence of radiation changes.

Amyloidosis
Amyloidosis ranges from localized to diffuse
involvement. When localized, amyloidosis often
mimics a benign stricture, rarely, a carcinoma
(87). It does not predispose to cancer formation;
a finding of localized amyloidosis and a coexis-
tent carcinoma is probably fortuitous. Colonic
amyloidosis does ulcerate and bleed; presum-
ably blood vessel wall infiltration by amyloid
leads to ischemia and ulceration.

Epiploic Appendagitis
Appendices epiploicae are mostly fat-containing
structures arising from colonic serosal surface.
They exist throughout the colon. Normally they
are not detected with imaging except if sur-
rounded by fluid.

The sudden onset of localized acute abdomi-
nal pain is a common presentation for torsion
(infarction) of an epiploic appendix. These
patients are afebrile, and laboratory findings are
normal. Depending on the location, clinically
and with imaging the condition mimics acute
appendicitis or diverticulitis. Although epiploic
appendagitis is a nonsurgical cause of an acute
abdomen, it is not uncommon for the diagnosis
to be made by either the surgeon or pathologist.
Untreated, spontaneous resolution in a week or
so is the usual outcome.

Most often epiploic appendagitis occurs in
either the ascending or descending portions of
the colon and tends to be located anteriorly
rather than posterior in the bowel wall cir-
cumference (Fig. 5.15). A CT finding of a focal
inflammatory tumor or edema adjacent to the
colon, especially at sites uncommon for diverti-
culitis, should suggest this condition. A fat
density or almost fat density tumor is a
common but not universal finding. Computed
tomography in six patients identified a fatty
tumor containing a hyperdense rim along the
anterolateral colonic wall, together with infiltra-
tion of adjacent pericolic fat (88).

Ultrasonography often reveals a small, solid,
focal noncompressible hyperechoic tumor at the
site of maximum tenderness.

Computed tomography and US findings are
strongly suggestive of the diagnosis. Similar
findings are seen with segmental omental
infarction, although usually these are in a dif-
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ferent location. In either case, therapy is similar
and surgery is avoided if the condition is 
suspected.

Follow-up CT shows resolution of inflam-
mation, and although a lesion may still be iden-
tified, it should be decreasing in size (88). An
occasional infarcted epiploic appendage eventu-
ally calcifies; some become detached and float
within the peritoneal cavity. One such peri-
toneal loose body measured 6 cm in diameter
(89). The differential diagnosis of calcified peri-
toneal loose bodies includes gallstones lost
during surgery and, unless their mobility is con-
firmed by imaging with different patient posi-
tioning, a calcified leiomyoma or similar tumor.

Tumors
A polyp is an intraluminal growth. It can be
benign or malignant, neoplastic, inflammatory,
or hyperplastic. It is a descriptive term having a
specific morphologic meaning and does not
imply a particular histologic connotation. The
practice of some authors in using this term 
synonymously for an adenoma only leads to
confusion and should be condemned.

Among colonic polyps <5 mm in diameter,
in adults, about 40% to 50% are adenomatous,
40% hyperplastic, and the rest a mix of mucosal
tags, lymphoid tissue, and other benign causes.
About half are located in the rectosigmoid. In
children juvenile polyps predominate. In adults,
the percent of adenomatous and carcinomatous
polyps increases with an increase in polyp size.

Nonneoplastic Tumors

Hyperplastic Polyps

Small hyperplastic polyps (also called meta-
plastic polyps) are the most common nonneo-
plastic lesion in the colon and rectum. They
tend to be sessile, often are multiple, generally
<5 mm in diameter, and most commonly in the
rectosigmoid.

A relationship between hyperplastic polyps
and the subsequent development of adenomas
is controversial. Both share similar lifestyle risk
factors. Most colonic hyperplastic polyps are
not considered to have a neoplastic potential
and are not directly involved in the adenoma-
carcinoma cycle, but some larger hyperplastic
polyps do develop dysplasia and progress to a
cancer. An occasional patient with multiple
hyperplastic colonic polyps harbors a colon
adenocarcinoma. In addition, follow-up of
patients who had hyperplastic polyps suggests
that they are more likely to develop adenomas
than those without initial polyps (90). An 
occasional hereditary nonpolyposis colorectal
cancer family patient develops colorectal
cancers, adenomas, and hyperplastic polyps.

The radiologic and endoscopic appearance 
of adenomas and hyperplastic polyps <5 mm 
in diameter is similar. A central umbilication
tends to develop with further growth. Some of
these small umbilicated tumors, at times called
inverted hyperplastic polyps by pathologists, are
difficult to detect even with a double-contrast
barium enema and mimic the appearance of a
flat adenoma and adenocarcinoma (91), and
thus excision is warranted.

Rare instances of hyperplastic polyposis have
been reported. These polyps tend to be larger
than isolated ones and the overall appearance
mimics multiple adenomatous polyps. Compli-
cating the picture is the occasional patient with
hyperplastic polyposis but with some of the
polyps containing foci of adenomatous tissue or
even an adenocarcinoma.

18F-fluoro-deoxy-D-glucose PET is negative
for hyperplastic polyps; FDG does not accumu-
late in these polyps.

Juvenile Polyp

This polyp is known as a retention polyp, and it
consists of inflammatory tissue, fibrosis, and a
cystic component. No consensus exists about

Figure 5.15. Epiploic appendagitis. A barium enema reveals
focal extravasation (arrow). The appearance is atypical for 
diverticulitis.
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whether it is inflammatory or hamartomatous
in origin. It is the most common colonic polyp
in the pediatric age group, although some are
first detected in adults. It is more common in the
distal colon and rectum, and most are solitary.
A juvenile polyposis syndrome is rare.

Juvenile polyps are not believed to be pre-
malignant; polypectomy of a solitary juvenile
polyp does not predispose to future new juve-
nile polyps and is not associated with a future
increased risk of colorectal cancer. Nevertheless,
occasional reports describe both an adenoma
and an adenocarcinoma associated with juve-
nile polyps.

Especially in children, a not uncommon 
presentation is hematochezia. An occasional
juvenile polyp intussuscepts.

The polyps’ barium enema appearance is
similar to that of an adenomatous polyp. Most
have a smooth and oval outline. Compression
gray-scale US shows them to be hypoechoic,
contain small cysts and have an adjacent hyper-
echoic layer corresponding to the submucosa
(92); their color Doppler findings range from
hypo- to hypervascular.

Inflammatory Fibroid Polyp

Inflammatory fibroid polyps are uncommon in
the colon. Some are found in a setting of inflam-
matory bowel disease or chronic infections.
Most manifest through rectal bleeding. Biopsy
simply reveals inflammation.

Similar to an inflammatory pseudotumor,
their appearance on a barium enema or
colonoscopy suggests a malignancy. They range
from a sessile, plaque-like, to a pedunculated
polyp in appearance (Fig. 5.16).

Inflammatory Pseudotumor 
(Fibrosarcoma)

An occasional resected polyp or infiltrating
tumor is termed an inflammatory pseudotumor
(variously called inflammatory fibrosarcoma or
plasma cell granuloma). These tumors are dis-
cussed in more detail in Chapter 14. They orig-
inate either in the colon or adjacent soft tissues,
including presacral space. Their aggressive
nature often suggests a malignancy.

These tumors tend to invade and require
resection with wide margins.

Hamartoma

Retrorectal hamartomas consist of soft tissue
and cysts lined by ciliated epithelium. Also
called tail-gut syndrome, they are detected due
to their mass-like effect, and occasionally one
becomes infected.

Hemangioma

Colon hemangiomas range in size from small,
focal submucosal lesions to large, diffuse,
infiltrating tumors involving long colonic seg-
ments. Most manifest through chronic bleeding
and anemia. Even when large, lumen obstruc-
tion is rare with a hemangioma (Fig. 5.17).

The full extent of a large hemangioma is eval-
uated by contrast-enhanced CT or MRI. Rectal
cavernous hemangiomas and their surrounding
structures are best evaluated by MRI using an
endorectal surface coil. These often diffuse rec-
tosigmoid cavernous hemangiomas produce
colonic wall thickening and a hyperintense
signal on T2-weighted MR images.

Occasionally a hemangioma is detected with
a Tc-99m–red blood cell scan.

Figure 5.16. Inflammatory fibrous polyp (arrows and arrow-
heads) in a man with rectal bleeding. Initially a carcinoma was
suspected.



219

COLON AND RECTUM

Lymphoid Nodules

Lymphonodular hyperplasia is quite common
in children and is occasionally encountered in
adults. The condition occurs both in the small
bowel and colon. An association between lym-
phonodular hyperplasia and several disorders
has been described, although currently most
investigators believe that in some patients, espe-
cially children, the presence of lymphonodular
hyperplasia is a normal variant. It is found adja-
cent to a colonic segment involved by ulcerative
colitis, and the presence of these nodules was
proposed as a sign of early ulcerative colitis
(93). Such lymphoid hyperplasia also develops
in posttransplant patients who are under
chronic immunosuppression.

These small polyps, up to several millime-
ters in diameter, are readily detected by 
both a double-contrast barium enema and
colonoscopy. Rarely, enough lymphoid tissue
accumulates at one site to result in a larger 
lymphoid polyp.

Lymphangioma

Cystic lymphangiomas are more common in 
the mesentery but do occur in the bowel wall.
Ultrasonography reveals these lymphangioma
to be compressible, anechoic, and possessing
posterior acoustic enhancement; as expected,
Doppler US identifies no flow. Computed
tomography attenuation is near that of water.
Endoscopic US reveals septa in the multilocular
ones. A double-contrast barium enema
identifies a lymphangioma as a submucosal
tumor, soft, round, and smooth.

Endometriosis

Colonic endometriosis is discussed here in the
tumor section because its appearance often
mimics a neoplasm.

Endometriosis signifies the presence of func-
tioning endometrial tissue in ectopic sites. The
most common site of intestinal involvement 
is the anterior rectal region, followed by the
appendix and ileocecal region. Endometriosis
involving the rectovaginal septum posteriorly
and then extending laterally into the uterosacral
ligaments and anterior rectal wall results in
fibrosis and scarring, eventually leading to a 
colorectal stricture and obstructive symptoms.
Perforation and an acute abdomen are rare
complications.

This tissue undergoes change under hor-
monal stimulation. In symptomatic women pain
and altered bowel habits are common presenta-
tions. Clinically, endometriosis often mimics
inflammatory bowel disease.

Colonoscopy reveals intact mucosa at the site
of involvement; mucosal ulcerations occur in a
minority and are a cause of rectal bleeding. At
times only laparoscopy establishes the diagno-
sis. With typical anterior rectal wall involve-
ment, barium enema findings are similar to
those seen with rectal invasion by a gynecologic
tumor (Fig. 5.18) or metastasis to the pouch of
Douglas.

Endorectal US achieved a sensitivity and
specificity of over 95% in detecting rectovaginal
septal infiltration by endometriosis (94).
Although these results are impressive, the role of
US in providing a differential diagnosis and
aiding management is not clear.

Magnetic resonance imaging reveals
endometriosis >1 cm in size to be homoge-

Figure 5.17. Transverse colon hemangioma (arrows). This
pliable tumor mimicked a spastic colonic segment but it would
never distend.No obstruction was present,a typical finding even
with a large hemangioma.
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neously hyperintense on T1-weighted images
and hypointense on T2-weighted images;
smaller lesions tend toward a variable T2-
weighted signal (95). Some foci contain a cystic
component (Fig. 5.19).

Surgery for rectosigmoid endometriosis is
technically difficult. At times posterior vaginal

wall excision and partial rectal resection are
necessary.

Xanthelasma

Xanthelasma is diagnosed histologically as a
collection of lipid-laden histiocytes. It develops

Figure 5.18. A,B: Two women with rectal endometriosis (arrows) identified on lateral barium enema views. The focal, corrugated,
anterior rectal wall involvement is typical. A gynecologic cancer growing posteriorly into the rectal serosa has a similar appearance.

Figure 5.19. Endometriosis involving pouch of Douglas. Sagittal (A) and transverse (B) T2–weighted magnetic resonance (MR)
images reveal a heterogeneous tumor between the uterus and rectum (arrows), illustrating how the anterior rectal wall is so often
involved. (From Burgener FA, Meyers SP, Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic Resonance Imaging. Stuttgart:
Thieme, 2002, with permission.)

A B

A B
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in the colonic wall and other structures.
Imaging plays no role in this condition.

Benign Neoplasms

Adenoma

The primary importance of colon adenomas 
is in their potential for carcinomatous trans-
formation. Less often they manifest by bleeding
or other complications. More adenomas are
detected in the left colon than the right,
although over the last several decades a shift
toward right-sided polyps is evident, especially
in African Americans; in this patient population
the malignancy potential for right-sided polyps
is similar to that found on the left.

Most small adenomas are tubular or tubu-
lovillous, and a small minority are villous. A
larger villous component within an adenoma is
associated with a higher risk for high-grade dys-
plasia and cancer. Villous adenomas are gener-
ally excised because even multiple biopsies may
miss a focus of carcinoma. Some villous adeno-
mas, however, are treated with endoscopic
neodymium (Nd):YAG laser therapy, and one
must ensure adequate therapy; incompletely
treated ones recur. Complications of laser
therapy include stricture, self-limited bleeding,
and fistula.

Some villous adenomas regress after non-
steroidal antiinflammatory drug therapy.

The role of Helicobacter pylori infection in
colon adenoma and carcinoma formation is not
clear. Prevalence of H. pylori antibodies in
patients with colorectal adenomas and carcino-
mas is greater than in controls.

Adenomas range from pedunculated to
sessile. Some have a long stalk, in others a stalk
is barely visible. Sessile adenomas range from
those with a discrete intraluminal component 
to relatively rare flat ones, with the latter 
consisting of an intramural tumor with a
nodular or reticular surface and thus being
especially difficult to detect either by imaging 
or endoscopy. Villous adenomas are classically
described as frond-like and containing numer-
ous interstices, but such an appearance in found
only in a minority. Imaging cannot differentiate
most villous adenomas from their tubular 
counterpart.

Computed tomography suggested several
anecdotal villous adenomas by identifying a

convoluted surface or residual oral contrast in
polyp interstices (96).

Detection of one adenoma implies an
increased future risk for another adenoma.
Studies provide somewhat conflicting results,
but, in general, among patients followed for at
least 10 years, those with a large initial adenoma
have a significantly higher risk of developing
metachronous adenomas.

Leiomyoma

Colorectal leiomyomas are uncommon. Most
are asymptomatic, although the larger ones tend
to be associated with pain, change in bowel
habits, or rectal bleeding. Some are detected
incidentally during a rectal examination.
Leiomyosarcomas tend to be larger and more
inhomogeneous than leiomyomas.

Endorectal US reveals rectal leiomyomas as
hypoechoic tumors, similar to other stromal
tumors. It is helpful in evaluating tumor ex-
tent, but not in differentiating benign from
malignant.

Lipoma

Lipomas are intramural in origin and most are
single, although diffuse colonic lipomatosis
does occur. They vary in size considerably. More
often than other stromal tumors, lipomas tend
to become pedunculated and act as a lead point
for an intussusception. Some lipomas undergo
spontaneous autoamputation.

Uncomplicated lipomas have a CT fat density.
Intussuscepting ones tend to contain more of a
soft tissue density, probably because of associ-
ated infarction and necrosis. The lack of fat
detected by CT in the lead point of an intussus-
ception thus does not exclude a lipoma.

Endoscopic US identifies colon lipomas as
hyperechoic tumors.

Magnetic resonance imaging reveals lipomas
as typical fat-density tumors—hyperintense on
T1- and hypointense on fat-suppressed T1-
weighted images.

Angiomyolipoma

Extrarenal angiomyolipomas are rare. If large
enough, an ileocecal valve angiomyolipoma or
one in the left colon can obstruct.
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Polyposis Syndromes

Not all patients with familial polyposis can be
placed in a discrete syndrome. Thus one large
family had a tendency to develop mixed colonic
adenomatous and hyperplastic polyps, with the
characteristic lesion being an atypical juvenile
polyp, although some polyps contained mixed
histology (97); some of these polyps became
malignant. Inheritance in this family appeared
to be autosomal dominant.

Familial Adenomatous Polyposis

Familial adenomatous polyposis is a genetic
disorder with an autosomal-dominant inheri-
tance and penetrance approaching 100%.
Typically these patients develop hundreds to
thousands of adenomatous polyps throughout
the colon and often also in the rest of the gas-
trointestinal tract. Gardner’s syndrome and
familial polyposis coli have the same genetic
defect but exhibit different phenotypic expres-
sion. Many investigators describe both entities
with the term familial adenomatous polyposis.

The Swedish Polyposis Registry noted an
incidence rate during 1977 to 1996 of 0.86 per
million and a prevalence 32 per million at the
end of 1996 (98); the median age at polyposis
diagnosis of probands was 39 years, while in the
call-up group it was 22 years. Importance of
earlier detection is evident: 67% of probands
and 3% of call-up patients already had colo-
rectal cancer at initial diagnosis, with corre-
sponding mortality rated being 44% and 2%,
respectively.

The discovery of a defective gene changed the
diagnosis of this condition and now allows
direct carrier identification by mutation 
screening in some but not all patients. The
mutation abnormality is complex, and numer-
ous mutations in the adenomatous polyposis
coli gene have been identified. The defective
gene is a tumor suppressor gene having a role 
in carcinogenesis. Although gene mutations 
are often evident in sporadic colorectal adeno-
mas and carcinomas, familial adenomatous
polyposis patients already have mutations in
this gene.

Polyp count and age are directly related to the
risk of cancer. Patients with >1000 polyps had a
2.3 times greater risk of having a cancer than

those with <1000 polyps (99); each 10-year age
group led to a 2.4-fold difference in cancer risk.
Nevertheless, occasional cancers are detected in
patients younger than 30 years of age and those
having less than 1000 polyps.

A predisposition to adenomatous polyps in
familial adenomatous polyposis is best known,
but both benign and malignant tumors also
develop at other sites. More common extra-
colonic manifestations include desmoid tumors,
often extraperitoneal in location, and gastro-
duodenal neoplasms. These patients tend to
have gastric fundic gland polyposis. Skin, sub-
cutaneous tissue, and bone tumors develop.
Some studies suggests an increase in adrenal
tumors. Papillary thyroid carcinoma are
detected in about 1% to 2% of these patients.

Colon polyps develop and start growing
roughly at the time of puberty, and in patients
at known risk surveillance is started shortly
thereafter. A double-contrast barium enema
readily detects familial polyposis, although
most gastroenterologists perform endoscopy.

The nonsteroidal antiinflammatory drug
sulindac is currently used to treat patients with
familial polyposis. Long-term use leads to a
marked reduction in the number and size of
polyps and, at times, even in their disappear-
ance. Occasionally, however, polyps recur and a
malignancy develops.

Because the predominant risk in many of
these patients is colon cancer, colon resection is
recommended. Procedures performed include
the following:

1. Proctocolectomy with ileostomy
2. Total colectomy with ileorectal anastomo-

sis and postoperative rectal surveillance
3. Colectomy, rectal mucosectomy, and ileo-

rectal pull-through (ileal pouch)

Unsatisfactory results with proctocolectomy
and ileostomy led surgeons to a total colectomy
with an ileorectal anastomosis, but an intact
rectal mucosa leaves these patients at risk for
developing a future rectal carcinoma. In a Czech
study of 55 patients undergoing colectomy and
ileorectal anastomosis for familial polyposis,
16% developed a malignant tumor within 16
years (100). Many of these patients have either
nodal or distant metastases at the time of
rectal cancer detection, and a number of studies
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have concluded that a proctocolectomy and
ileoanal anastomosis should be the primary
operation, instead of colectomy and ileorectal
anastomosis.

The Soave procedure—a colectomy, rectal
mucosectomy, and ileorectal pull-through—is
currently preferred by many surgeons. One
unanswered question concerns therapy when
small bowel polyps are present. Also, these
patients are at increased risk of developing 
ileal pouch polyps. Among 85 ileal pouches
examined, 35% contained adenomas (101);
the risk of developing an adenoma at 5, 10,
and 15 years was estimated to be 7%, 35%,
and 75%, respectively. Those with a pouch
adenoma were more likely to also have duode-
nal adenomas.

Complications of an ileorectal Soave pull-
through include anastomotic stricture and 
leak. Some of these strictures are dilated using
either endoscopic or imaging guidance. Most
focal perforations heal with time. Although a
new ileorectal pull-through is feasible after
breakdown of an initial anastomosis, a number
of these patients are left with a permanent
ileostomy.

As mentioned previously, these patients are at
increased risk for mesenteric fibromatosis, or
desmoid tumors. Some desmoids form sponta-
neously, although their prevalence increases
after surgery. Desmoids are considered benign,
but they are locally aggressive tumors associ-
ated with considerably morbidity and mortality.
Desmoids are most common in the mesentery,
followed by abdominal wall. Abdominal wall
desmoids can be excised but recur in about half
of patients; mesenteric desmoids are more
difficult to excise. A not uncommon history is
for a patient to undergo total colectomy, a
desmoid tumor develops in the abdominal wall
or close to some other surgical incision, a
second surgical procedure is performed to
resect the desmoid, a more extensive desmoid
recurs, etc. An occasional desmoid becomes
infected and forms an abscess.

At times skeletal scintigraphy with 99mTc-
HDP shows diffuse uptake in regions of
fibromatosis.

Medical therapy is feasible for some desm-
oids. Some regress with tamoxifen therapy.

Data in the Familial Gastrointestinal Cancer
Registry in Toronto show that most deaths of

patients with familial adenomatous polyposis
are still from colorectal cancer (102); the 
proportion of deaths caused by extracolonic
disease is rising, however, probably due to better
screening and earlier prophylactic colectomies.
Desmoid tumors are especially difficult to
manage. Death due to desmoid tumor compli-
cations is not uncommon.

Turcot’s Syndrome

Turcot’s syndrome is a rare hereditary disorder
consisting of central nervous system malignant
gliomas and colon polyposis. It has manifested
in the pediatric age group.

In a 30-year-old Japanese man with
histopathologically confirmed glioblastoma
multiforme and colonic well-differentiated ade-
nocarcinoma, somatic mutations of K-ras and
APC genes were identified in the colon carci-
noma but not in the brain tumor (103); alter-
ations in DNA repair genes presumably play a
role in these tumors.

Multiple Hamartoma Syndrome 
(Cowden’s Disease)

Familial multiple hamartoma syndrome, also
known as Cowden’s disease, is an autosomal-
dominant condition having high penetrance 
but variable expressivity. The gene involved,
believed to be a tumor suppressor gene, has
been mapped to the long arm of chromosome
10 at 10q22–23. Mutations in this gene were
identified in 81% of 37 Cowden’s disease fami-
lies (104); these include missense and nonsense
point mutations, deletions, and insertions over
the entire length of this gene.

Numerous hamartomatous polyps are the
usual gastrointestinal tract manifestation of
Cowden’s disease. One patient presented with
numerous round gastric and duodenal polyps
and elongated (filiform) small bowel polyps
(105). Extraintestinal manifestations vary 
considerably and range from macrocephaly to
various genitourinary defects and other 
deformities.

Some affected patients develop gastric or
colonic carcinomas, although the premalignant
status of these polyps is not established. These
patients also form various other cancers; in the
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abdomen they are at increased risk for renal cell
carcinoma, neuroendocrine neoplasms, germ
cell tumors, and endometrial neoplasms.

Peutz-Jeghers Syndrome

Peutz-Jeghers syndrome manifests primarily as
multiple hamartomatous polyps in the stomach,
duodenum, small bowel, and colon. Patients
with this syndrome often develop malabsorp-
tion and profound anemia or present with
recurrent bouts of small bowel obstruction.
Intussusceptions and even prolapse of a colonic
polyp through the anus have been reported.
Skin pigmentation is common.

A hamartoma-to-adenoma transition se-
quence probably exists, with an increased risk of
carcinomatous development, although the
cancer risk in these patients is considerably less
than with familial polyposis.

A 16-year-old boy with Peutz-Jeghers syn-
drome diagnosed at age 8 years developed a
rectal carcinoid (106).

Cronkhite-Canada Syndrome

Cronkhite-Canada syndrome consists of ham-
artomatous polyposis in the stomach, small
bowel, and colon in association with alopecia
and onychodystrophy. It is nonfamilial.

Prior to polyp detection these patients
develop changes in taste sensation, dystrophic
nails, and alopecia areata, findings suggesting
the syndrome during the initial patient con-
tact. Malabsorption is common and leads to
hypoproteinemia.

Numerous polyps containing foci of
inflammation and cystic regions develop in the
stomach and small bowel. Not all of these polyps
are hamartomatous; these patients also develop
adenomatous polyps and thus are at risk for
malignancy.

Juvenile Polyposis Syndromes

The presence of multiple juvenile polyps sug-
gests one of the familial juvenile polyposis 
syndromes. Three types have been described:
polyps limited to the colon, polyps throughout
the gastrointestinal tract, and gastric juvenile
polyposis. Some patients appear to be at in-
creased risk of developing colon cancer.

The coexistence of familial juvenile polyposis
and hereditary hemorrhagic telangiectasia has
been described both sporadically and in fami-
lies. An association of colorectal juvenile poly-
posis and hereditary spherocytosis has also
been raised.

A severe form of juvenile polyposis is seen in
the first several years of life. Some of these
infants have bloody diarrhea and malabsorp-
tion to the point that life cannot be sustained.

Malignant Neoplasms

Adenocarcinoma

Clinical

In North America and Western Europe, colorec-
tal carcinoma ranks second in incidence after
lung cancer in men and breast carcinoma in
women. It is considerably less common in devel-
oping countries. The incidence is increasing in
Eastern Europe and Japan. Published cancer
data vary not only among countries but also
between university and nonuniversity centers.A
number of studies show a correlation between
meat consumption and colorectal cancer. Still,
this topic remains controversial. A French
review of available studies concluded, “One
cannot state, nor exclude, that meat promotes
colorectal cancer” (107).

Regular ingestion of aspirin or other non-
steroidal antiinflammatory drugs decreases the
risk of colorectal cancer, although the length of
time necessary before a reduction in risk occurs
is debated.

Although not common, colorectal cancer
does occur in young adults, with case reports
describing even patients under 20 years of age.
Some studies report clinical presentation and
tumor grade to be similar to that in the older
population, others report a lower morbidity and
mortality; still others suggest dismal results
because of advanced stage at diagnosis and an
aggressive tumor.

An association between Streptococcus bovis
bacteremia and the presence of a colon carci-
noma is well known. The reason for this 
bacteremia is puzzling, because bowel S. bovis
colonization rates in those with colorectal
cancer and controls appear similar (108). A
similar association exists with S. sanguis and
colon cancer, and presumably other streptococci
species also lead to bacteremia in a setting 
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of a colon carcinoma. Other rarer associations
include pericarditis caused by Bacteroides frag-
ilis, an anaerobic colon organism, and Clostrid-
ium septicum gas gangrene. Liver metastases
may become infected. A rare primary colon car-
cinoma, however, manifests as a primary liver
abscess without liver metastases.

A migratory thrombophlebitis precedes some
gastrointestinal malignancies, including colon
cancer. An occasional necrotizing vasculitis
serves the same purpose. The Leser-Trelat sign
consists of an association of multiple seborrheic
keratoses with an internal malignancy; several
colorectal cancers have been reported as a 
component of the Leser-Trelat sign. A rare as-
sociation was increasing body hair growth
(hypertrichosis lanuginosa) before a rectal
cancer was discovered (109).

Genetics

One definition of hereditary nonpolyposis colo-
rectal cancer is that at least three relatives
should be affected, one is a first-degree relative
of the other two, and that at least two successive
generations be involved. An autosomal-
dominant inheritance is evident for these hered-
itary cancers, and they are characterized by
early age of onset, the predominance of right-
sided lesions, and an increased prevalence of
synchronous and metachronous neoplasms.
Two subtypes of this syndrome are described:

Lynch syndrome I: cancers limited to the
colon and rectum

Lynch syndrome II: similar, but extracolonic
cancers also involve the endometrium,
ovaries, and stomach

The true prevalence of hereditary nonpoly-
posis colorectal cancer is debated. About 1% to
2% of patients with colorectal cancer fit a
definition of hereditary nonpolyposis colorectal
cancer syndrome, although considerable geo-
graphic variation in the prevalence of this syn-
drome exists. Because of the high worldwide
prevalence of colorectal cancer, this is one of
the more common if not the most common
inherited neoplasm currently known. The
cumulative risk of colorectal cancer for relatives
of patients with a colorectal cancer at or under
45 years begins rising at age 40 years, reaching
5% at age 50 and 10% at age 70 years. The 
lifetime risk of colorectal cancer among

members of families with pathogenic mutations
at some of these gene carriers is up to 80%; the
risk of nongastrointestinal cancers is also
increased for some of these gene carriers. Thus,
is an upper urinary tract tumor in a patient 
with a hereditary nonpolyposis colorectal
cancer due to a genetic abnormality or due to
chance (110)?

At least five genes have been identified as 
sites of germline mutations associated with
hereditary nonpolyposis colorectal cancer 
syndrome. Considerable data point to the p53
gene playing a role in colorectal carcinoma
development. Among adenomas, 8% of those
containing low-grade dysplasia were p53 posi-
tive compared to 73% of those containing high-
grade dysplasia, suggesting a role for the p53
gene in the transition between adenoma and
carcinoma (111), and the observed increase 
of p53 expression supports an adenoma–
carcinoma sequence. Expression of p53 in 
nonpolypoid carcinomas argues for another
carcinogenesis pathway.

A large Dutch cancer registry found the 
relative risk of brain tumors in hereditary 
colorectal cancer patients and their first-
degree relatives to be six times greater than that
in the general population (112). The relative life-
time risk for these patients is low, and the
authors do not recommend screening for brain
tumors.

Associated Conditions

Does a colon polypectomy predict future colo-
rectal cancer occurrence? A Milan colonoscopic
polypectomy study of over 1000 patients with
adenomatous polyps identified the presence of
multiple adenomas and high-grade dysplasia as
significant predictors of future cancer (113);
presumably this subgroup of patients benefits
from increased surveillance.

Prior studies have suggested an association
between gallstones (or cholecystectomy) and
risk of colon cancer; but more recent prospec-
tive studies fail to support this association. The
same conclusions have been reached for previ-
ous gastric surgery for peptic ulcer disease.

A three- to eightfold increased risk for colon
adenomas and carcinomas exists in patients
with acromegaly. Patient with acromegaly also
develop gastric cancer, pancreatic mucinous
cystic tumors and other tumors; the known
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tumorigenesis of elevated growth hormone and
insulin-like growth factor levels appear to be
responsible for these neoplasms.

An increased risk of colon cancer probably
exists in patients with a Barrett’s esophagus. An
association is also suggested with Zollinger-
Ellison syndrome with its hypergastrinemia; a
significant number of patients with colon carci-
noma have increased serum gastrin levels.

Synchronous Cancers

An increased prevalence of synchronous colo-
rectal cancers has long been known. A multiin-
stitutional database of 4878 colon cancer
patients recorded 3.3% having synchronous
tumors (114); of these, 8% had more than two
tumors at the time of diagnosis. An occasional
patient with multiple synchronous colonic ade-
nocarcinomas is reported (115). Considering
the highest stage synchronous tumor, survival
appears to be the same as for patients with a
single colonic tumor (114).

Once one colorectal cancer is diagnosed, the
need to study the remaining colon is known to
most clinicians (Fig. 5.20). Yet, in spite of this,
some patients still undergo cancer resection
without preoperative study for synchronous
lesions.

A rare patient develops a synchronous colo-
rectal carcinoma and lymphoma, including
Hodgkin’s disease; this association appears to be
fortuitous.

Metachronous Cancers

The definition of metachronous cancer varies.
Most authors use this term to describe a second
separate cancer, while some also include 
intraluminal recurrences, arguing that a pathol-
ogist cannot readily differentiate recurrences
from a new focus of adenocarcinoma.

Metachronous colorectal neoplasms consist
of adenomas and carcinomas, related through
the adenoma-carcinoma cycle (Fig. 5.21).
Patient who have one colorectal cancer resected
are at increased risk of developing a second
cancer (metachronous cancer). Overall, the
prevalence of metachronous cancers ranges
from 1% to 5%, but the prevalence of metachro-
nous adenomas is considerably higher.
Adenoma surveillance reduces the risk of

metachronous colon cancers. Patients with a
synchronous adenoma or carcinoma discovered
at initial presentation are at significantly higher
risk for metachronous adenomas and carcino-
mas, compared to those without a synchronous
tumor.

The interval between first and second cancers
ranges from months up to a decade or more.
Carcinoembryonic antigen (CEA) levels do not
aid in detecting a second cancer.

Screening

Why screen? To a large extent, colorectal cancer
screening consists of detecting adenomas, with
a reduction of colon cancer mortality achieved
by resecting these precancerous adenomas.
Among colorectal cancers detected by screening
asymptomatic individuals at one Japanese 
institution, 61% were either stage 0 or stage 
I; among comparable symptomatic patients
only 16% had tumors of these early stages (116).

Controversy exists about the size of adeno-
mas that require resection. Should several-
millimeter adenomas found at colonoscopy be
resected? Also, what is the chance of a malig-
nancy being present in a small colonic polyp
(Fig. 5.22)? Histology of polyps not detected by
a CT colonography study revealed that 58% of
those 5 mm or smaller were not adenomas and
43% of those 6–9 mm were not adenomas (117).
An analysis of over 11,000 adenomas detected
during colonoscopy at the Erlangen Registry of
Colorectal Polyps detected no invasive carci-
noma in adenomas <5 mm (118); the malig-
nancy rate for larger adenomas not only showed
a right-sided shift but also the rate was
significantly modified by histology, the presence
of synchronous lesions, and other factors.

A Japanese study of sessile colonic adenomas
<5 mm followed these polyps for an average of
24 months (119); none developed carcinoma-
tous transformation. The authors concluded
that polypectomy of these small lesions is not
necessary, and they can be followed either radi-
ologically or endoscopically.

Colorectal cancer screening has become
prevalent in the Western world. A survey 
for occult blood, flexible sigmoidoscopy,
colonoscopy, and barium enema are the screen-
ing modalities used. The role of CT colonogra-
phy as a routine screening examination is still
evolving. Still, only a minority of colorectal
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cancers are detected by screening asymptomatic
individuals.

Numerous studies have concluded that fecal
occult blood testing is cost effective in detecting
colorectal cancer. Although patient recruitment
and test sensitivity vary considerably, its low
cost makes it attractive. As one example, in a
defined region in Spain a participation rate of
56% was achieved and a majority of detected
cancers were Dukes’ stage A (120); thus an
improvement in diagnostic stage is feasible,
with, one hopes, an improved survival.

Patients are generally assigned to one of three
colon cancer risk categories: average, moderate,
and high. Moderate risk includes those with a

first-degree relative with a colon carcinoma or
large adenoma and those with a prior adenoma
or carcinoma. High risk includes those with
inflammatory bowel disease, familial polyposis,
and nonpolyposis colorectal cancer syndromes.
Screening of inflammatory bowel disease
patients involves a different concept than for
other patients; cancer in these patients does not
arise from adenomas, and screening consists of
random biopsies and a search for dysplasia.

No consensus has developed in the gastro-
intestinal literature about surveillance screen-
ing time intervals. After an initial colonoscopic
polypectomy, whether patients are assigned to
follow-up surveillance either every two years or

Figure 5.20. Synchronous hepatic flexure adenocarcinoma 
(A, arrow) and ascending colon adenoma (B, arrowheads). C: Two
synchronous adenocarcinomas in another patient, a circumferen-
tial cancer in the ascending colon (arrow) and an infiltrating one
in the transverse colon (arrowheads).

A B
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four years does not appear to affect over-all risk
of developing a new adenoma. Even if a more
protracted study leads to a slight increased risk
of new neoplasms, this risk should be counter-
balanced by the fewer examinations necessary
and thus presumably decreased over-all colono-
scopic complication rate. In general, in average-
risk individuals the interval between screening
examinations can be expanded beyond 5 years,
provided the initial examination does not detect
a neoplasm.

Assuming a compliance of 60% with initial
screening, a hypothetical study of 50-year-old
white individuals at average risk for colorectal
cancer found the most effective strategy to be
annual fecal occult blood testing plus sigmoi-
doscopy every 5 years starting at age 50 years,
followed by colonoscopy if a polyp is detected
(121); such a scenario achieved an 80% reduc-
tion in colorectal cancer mortality compared
with no screening. If, on the other hand, screen-
ing compliance is assumed to be 100%, the study
concluded that screening more often than every
10 years was prohibitively expensive. Similar to
other modeling studies, the optimal recommen-

dations suggested depend on the initial assump-
tions used.

First degree relatives of colorectal cancer
patients are at increased risk for adenomas and
cancers. A French case-control colonoscopic
screening study of first-degree relatives of col-
orectal cancer patients (i.e., those of moderate
risk) found an odds ratio of 1.5 for adenomas,
including an odds ratio of 2.6 for high-risk ade-
nomas (≥1 cm in size or containing a villous
component) (122); the prevalence of high-risk
adenomas in relatives was higher when the
index patient was younger than 65 years, was
male, and had a distal rather than proximal
cancer.

The above discussion involves mostly 
conventional colonoscopy; a double-contrast
barium enema was not considered as an alter-
native. Barium enema sensitivity for detecting a
carcinoma or larger adenoma is 85% to 95%.
Several studies have concluded that a double-
contrast barium enema is cost-effective for 
colorectal cancer screening. Using published
estimates of cost and effectiveness of colorectal
cancer screening of a double-contrast barium

Figure 5.21. Metachronous colon carcinoma. A barium enema
performed through a descending colostomy identifies a right
colon cancer (arrow). The patient had had a previous rectal car-
cinoma resected.

Figure 5.22. A 15-mm sigmoid adenocarcinoma (arrow)
detected on a screening barium enema. Initial colonoscopy
could not detect this tumor, probably because of extensive 
colon redundancy. The patient eventually underwent sigmoid
resection.
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enema performed every 3 years (or every 5 
years with annual fecal occult blood testing),
an incremental cost-effectiveness ratio of
<$55,600 per life-year saved was achieved, com-
pared to colonoscopic screening with a cost-
effectiveness ratio of >$100,000 per life-year
saved (123).

Women with previous breast, endometrial, or
ovarian cancer are at increased risk of develop-
ing a colorectal cancer. Should women with
these cancers undergo preoperative barium
enema or colonoscopic screening? Reccomen-
dations vary, because risk of colon adenomas
and carcinomas is low. A typical one is that in
otherwise asymptomatic women under 50 years
of age no colon screening is necessary, but 
in those over age 70 years such screening is 
recommended.

A double-contrast barium enema is associ-
ated with a perforation rate of about 1/25,000,
which is less than one tenth that of colonoscopy.

Pathology

Normally proliferating cells are located in
colonic crypt bases, on the other hand, trans-
forming growth factor-b (TGF-b) immunoreac-
tive and apoptotic cells are close to the surface,
corresponding to normal migration of colono-
cytes. Distribution of proliferating and TGF-b
immunoreactive cells is reversed in adenoma-
tous polyps, suggesting that cell migration in
adenomas is not toward the lumen but inward.

Traditionally, development of colorectal 
carcinomas was ascribed to an adenoma-to-
carcinoma transformation sequence. This
concept was modified when it was realized that
some small adenomas also have a malignant
potential, albeit small, and was modified further
when flat carcinomas were detected developing
de novo from polyp-free mucosa. These flat
(also called depressed) carcinomas appear to
arise from a different precursor and suggest a
different pathway for their carcinogenesis than
the adenoma-to-carcinoma cycle. Finally, mole-
cular biology enters the picture by showing a
lack of K-ras mutations in carcinogenesis of flat
colonic carcinomas.A multipotential stem cell is
probably located within the mucosa. The pres-
ence of neuroendocrine or squamous differen-
tiation in some colorectal carcinomas argues
that such differentiation evolves in several dir-
ections; such differentiation is more common in

the midgut portion of the colon as compared to
the hindgut. In general, the presence of neu-
roendocrine differentiation is associated with a
poor prognosis.

Superficial spreading intramucosal tumors
(defined as epithelial tumors >30 mm in dia-
meter), consist of both adenomas and carcino-
mas and tend to be located in the cecum and
rectum; most superficial spreading carcinomas
have an adenomatous component and consist 
of a low-grade carcinoma. Thus most super-
ficial spreading tumors develop initially as an
adenoma.

One uncommon histologic subtype is a signet
ring cell carcinoma. These tumors tend to infil-
trate readily, and some even have a scirrhous 
or linitis plastica appearance. They occur in
younger patients; patient survival is shorter
than with more typical adenocarcinomas.

A clear cell adenocarcinoma, similar to renal
clear cell adenocarcinomas, also develops on
rare occasions in the colon.

A rare colon adenocarcinoma <10 mm in size
infiltrates the submucosa or invades the submu-
cosal lymphatics or blood vessels. These lesions
typically have a polypoid appearance, although
an occasional one is flat. An rare early colonic
cancer will metastasize to the liver (124).

Proximal and distal colon cancers have dif-
ferent clinical presentations, differ in prognosis,
and have different epidemiologic aspects. A
study of DNA ploidy and overexpression of
nuclear p53 found proximal tumors to be more
often diploid than distal ones and distal tumors
to have more p53 overexpression than proximal
ones, suggesting a different carcinogenesis for
these tumors (125). Some investigators believe
these cancers should be considered different
tumors.

Some colorectal adenocarcinomas are as-
sociated with considerable mucin production.
Different properties between mucinous and
nonmucinous colorectal carcinomas suggest
different carcinogenic pathways.

A colorectal carcinoma occasionally calcifies.
Most of these are mucinous adenocarcinomas.
Distinctly unusual, however, is heterotopic bone
formation.

Although imaging and colonoscopy can
suggest that a particular lesion is a carcinoma,
the final diagnosis is established by a patholo-
gist from either a biopsy or a surgically resected
bowel. Whether a pre-resection biopsy should
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be obtained from a tumor showing obvious
malignant imaging characteristics is a matter of
opinion and established local practice. Most
biopsies of primary colon carcinomas are
obtained via colonoscopy (or sigmoidoscopy for
rectosigmoid lesions), although percutaneous
biopsy using imaging guidance is feasible for
larger tumors.

Detection

Barium Enema: The relative roles of barium
enema, flexible sigmoidoscopy, and colo-
noscopy are not established. A number of
studies have shown a superiority of colonoscopy
over barium enema. The problem with most of
these studies is that colonoscopy is used as a
gold standard and the studies are performed by
gastroenterologists, but barium enemas were
performed by general radiologists and the
results are often biased against barium enema.
A barium enema, however, does detect most
pedunculated, sessile and infiltrating colon (Fig.
5.23) and rectal (Fig. 5.24) carcinomas.

In a retrospective multihospital Indiana
study, the sensitivity of colonoscopy for detect-
ing colorectal cancer (95%) was greater than
with a barium enema (83%) (126); the sensitiv-
ity of a double-contrast barium enema (85%)
was no different from that of a single-contrast
study (82%). Barium enema performed no
better in the right than the left colon. Cancers

detected by colonoscopy were more likely to be
Dukes’ class A (25%) than cancers detected by
barium enema (10%).

A retrospective colon cancer study from a
well-defined geographic region in Norway
found that a barium enema correctly detected a
cancer in 91% of 386 tumors, a cancer or major
precancerous lesion was overlooked in 7%, and
the examination was not possible in 2% (127);
colonoscopy, on the other hand, correctly
detected cancer in 80% of 215 tumors, cancer or
a major precancerous lesion was overlooked in
6%, and colonoscopy was technically incom-
plete in 14%.

Endoscopy (Conventional Colonoscopy): In an
Indiana study, colonoscopy performed by gas-
troenterologists was more sensitive (97%) for
cancer detection than those done by nongas-
troenterologists (87%) (126).

How accurate is colonoscopy in localizing a
colorectal cancer? One study of 77 cancers
revealed significant errors in tumor localization
in 8% (a significant error was defined as a
change from the preoperative planned resection
to an alternative resection) (128). A retrospec-
tive study of colorectal cancers not detected by
colonoscopy performed within 3 years of diag-
nosis suggested that 57% of the cancers were
“missed,” and 43% were believed not to have
been reached, although some right colon
cancers recorded as missed may have been not
reached (129); the authors suggested that cecal

Figure 5.23. Colon adenocarcinoma. A: A double-contrast barium enema identifies a tight circumferential cancer. The entire colon
could be studied in spite of the tight obstruction.B: This patient presented both with bleeding and obstruction.Barium enema reveals
an ulcerated (arrows), circumferential sigmoid cancer.
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intubation should be verified by specific land-
marks in all instances, and failure to reach the
cecum should be followed by a prompt barium
enema or CT colonography.

Computed Tomography: Computed tomogra-
phy of some large, fungating ascending colon
carcinomas infiltrating to pericolic fat identifies
segmental distal colonic wall thickening. The
histopathology of resected specimens reveals
submucosal and subserosal edema, chronic
inflammation and fibrosis, or both (130).

Not all focal colorectal tumors detected by CT
or MR are neoplastic. An adjacent abscess can
readily mimic a necrotic cancer and vice versa
(Fig. 5.25). Endometriosis is another example.

Intravenous contrast enhancement aids
polyp detection (131); both benign and malig-
nant polyps enhance with contrast, while resid-
ual content does not. Enhancement significantly
improves visualization of 6–9 mm polyps (75%
postcontrast versus 58% precontrast) (132).
Contrast also aids detection of local tumor
extension and any lymphadenopathy. Most 
published performance data on CT colonoscopy
are summarized in a 2003 book on this topic
(133).

Studies suggest that CT colonography is 
competitive with conventional colonoscopy in
detecting both benign and malignant polyps 
>1 cm. In patients with colonic tumors
(confirmed at endoscopy or surgery), axial and
multiplanar CT detected all malignancies (134);
all missed benign tumors were <8 mm in diam-
eter. Computed tomographic colonoscopy 

performed the same day as conventional
colonoscopy achieved a 58% sensitivity and
52% specificity in identifying polyps, with sen-
sitivity for polyps ≥1 cm being 86% (135).

After bowel preparation and colon air insuf-
flation, 300 patients underwent CT scanning 
in supine and prone positions using 3-mm 
collimation and single breath hold (136);
transverse CT images, sagittal and coronal ref-
ormations, and 3D endoluminal images com-
pleted the CT colonography. Using conventional
colonoscopy results as a gold standard, this
study achieved a sensitivity of 90% for detect-
ing polyps 10 mm or larger, 80% for polyps 
5.0 to 9.9 mm, and 59% for polyps <5 mm; of
note is that CT colonography detected all carci-
nomas. Intravenous contrast provides colonic
wall and tumor enhancement. Enhancement
significantly improved visualization of 6- to 
9-mm polyps (75% postcontrast versus 58%
precontrast) (9). One potential pitfall for CT
colonography is the occasional carpet-like (137)
or flat cancer. Most studies suggest that multi-
planar 3-D endoluminal images achieve better
sensitivity and specificity than 2-D images; nev-
ertheless, in any one patient a combination of
images is often necessary for full evaluation.

Computed tomographic colonoscopy is an
alternative to barium enema and conventional
colonoscopy, especially in frail, elderly patients.
Detection of small polyps in these patients is
not as relevant as in younger patients.

Ultrasonography: Endorectal US detects
rectal tumors. Attempts have been made to

Figure 5.24. A: Distal rectal carcinoma (arrows) presenting as a diffuse carpet-like infiltrate. (Courtesy of Arunas Gasparaitis, M.D.,
University of Chicago.) B: Polypoid, infiltrating rectal carcinoma (arrow).
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detect a malignancy arising within a rectal
villous adenoma, but results have been disap-
pointing. In general, rectal villous adenomas 
are resected regardless of imaging or biopsy
findings.

Uncommon Type/Presentation

Flat (Depressed) Adenomas and Carcinomas: So-
called flat (also called depressed and superficial

depressed) colon adenomas and carcinomas do
not have a predominant intraluminal growth
pattern; rather, they show a tendency toward
early submucosal invasion and early metastasis.
Nevertheless, they grow slowly. A retrospective
collection of nine flat colon carcinomas found
an initial mean 12-mm diameter, and it took
these cancers an average of 32 months to double
in size; a comparable sample of polypoid carci-
nomas doubled in size, on average, in 9 months

Figure 5.25. Pararectal abscess mimicking a rectal carcinoma. Constipation developed after prostatic resection 4 months previously
for benign hyperplasia. A,B: Two pelvic CT images reveal a rectal tumor narrowing the lumen (arrows). C,D: T1– and T2–weighted
images show rectal wall thickening and an adjacent fluid-filled structure (arrow), suggesting an abscess or necrotic tumor. (Courtesy
of Egle Jonaitiene, M.D., Kaunas Medical University, Kaunas, Lithuania.)
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(138); with time, flat cancers continued with a
nonpolypoid growth pattern. Cell kinetics and
molecular alterations in flat tubulovillous
tumors suggest that they represent a distinct
entity differing from their polypoid counterpart
(139). Some evidence suggests that flat colonic
tumors evolve from colonic mucosa overlying
lymphoid nodules.

These cancers are less common than those
evolving via the adenoma-carcinoma sequence.
A higher proportion develop in a setting of
inflammatory bowel disease and radiation proc-
tocolitis. Some are rather aggressive and when
still small have already metastasized to the liver,
but these are rare exceptions.

Comparing flat adenomas and adenocarcino-
mas evaluated in Stockholm and Tokyo by the
same pathologist, the Japanese lesions were
more advanced with regard to dysplasia and
were more aggressive (140), suggesting the pres-
ence of different geographic manifestations.
Complicating the picture, in the United States a
number of small, flat umbilicated tumors are
hyperplastic polyps rather than neoplasms.

Although many radiologists believe that even
a technically excellent double-contrast barium
enema does not detect most flat colonic neo-
plasms, a Japanese study suggests otherwise
(141); among 97 early flat and depressed 
colorectal cancers, a double-contrast barium
enema detected converging folds and semilunar
deformity more often in cancers with moderate-
to-massive submucosal extension than in those
confined to mucosa or with only focal sub-
mucosal extension. Also, deep depressions, an
irregular surface in these depressions, and
tumors >20 mm were predictive of submucosal
extension (141); using these radiographic
findings, the authors achieved an overall accu-
racy of 85% for identifying depth of invasion.

Similar to a barium enema, small flat colon
adenomas and adenocarcinomas may not be
detected with conventional endoscopy because
of their similar translucency to surrounding
mucosa. They are identified as a slight mucosal
deformity, a slightly more reddish color than
surrounding mucosa, and by loss of the vascu-
lar network pattern. Undoubtedly these small
lesions were often previously overlooked.

Potentially, CT colonography with IV contrast
will detect flat neoplasms. These tend to be
slightly hypervascular compared to normal
colonic mucosa and, especially with the higher

resolution available with multidetector CT,
should be detectable with a high-quality 
study.

Linitis Plastica: The rare primary colorectal
linitis plastica, or scirrhous carcinoma, usually
develops in a setting of inflammatory bowel
disease and in younger patients than more
typical colon cancers. Metastases are not
uncommon when such a primary tumor is first
identified.

Both colonoscopic and barium enema
findings can be subtle, with a typical appearance
resembling a benign stricture (Fig. 5.26). Com-
puted tomography reveals these scirrhous 
carcinomas as circumferential, homogeneously
enhancing lesions. The involved colon wall is
thickened considerably. The sensitivity in
detecting these lesions depends on tumor size
and quality of CT study. Endoscopic US of rectal
linitis plastica shows a circumferential thicken-
ing of the rectal wall, with thickening involving
mostly the submucosa and muscularis propria;
endoscopic US also detects perirectal fat
infiltration.

In general, breast and stomach carcinomas
metastatic to the colon have a linitis plastica
appearance more often than a primary colon
scirrhous carcinoma.

Figure 5.26. Colon linitis plastica. (Courtesy of Arunas 
Gasparaitis, M.D., University of Chicago.)
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Perforation: Previously performed water-
soluble contrast enema has been replaced by
CT. Computed tomography readily identifies
these mostly advanced tumors, with a majority
being associated with an abscess near the
tumor.

An occasional carcinoma perforates into
adjacent soft tissues and leads to extraintestinal
gas or subcutaneous emphysema (Fig. 5.27). At
times unusual fistulas form. Technetium-99m-
DTPA renography in a patient with hematuria
revealed sigmoid colon radioactivity extending
to the transverse colon (142); a sigmoid adeno-
carcinoma had invaded the bladder and formed
a colovesical fistula.

Do patients with a perforating colon carci-
noma have a worse prognosis than those
without a perforation? Comparing perforating
cancers and obstructing cancers undergoing
emergency surgery, no significant difference in
survival or disease progression was evident
between these two groups (143).

Obstruction: The size of colon cancers when
first detected have decreased during the last
several decades, yet it is still common in most
practices to see a patient first present with

colonic obstruction due to a large, bulky tumor.
These patients first undergo proximal colon
decompression and only later have definitive
cancer resection.A sufficiently tight obstruction
obviates both a complete barium enema and
colonoscopy, studies not only defining an
obstructing tumor but also detecting any 
synchronous neoplasm. In such a setting,
preoperative CT colonography is very useful 
to evaluate the proximal colon. In 19 patients
with distal occlusive colorectal carcinomas, pre-
operative CT colonography identified all occlu-
sive cancers and also detected synchronous
lesions—two cancers and 20 other polyps (144),
findings confirmed by other studies (145) (Fig.
5.28).

Expandable intraluminal stents are useful in
malignant colonic obstructions. A pretherapy
stent placed through an obstruction provides
decompression, allows a bowel-cleansing
regimen to be employed, and thus obviates a
preliminary colostomy (146). After decompres-
sion, these patients undergo tumor staging, and
a decision is made whether to proceed to cancer
resection or whether successful stenting is to be
the primary palliative therapy. The success 
rate in stent placement varies but typically is
about 90%; thus stent placement was successful
in 88% of 80 patients and bowel obstruction

Figure 5.27. Perforated right colon carcinoma (arrows) in a
patient suspected to have acute appendicitis. Soft tissue gas in
the necrotic tumor mimics an appendiceal abscess.

Figure 5.28. Obstructing carcinoma (arrow). CT colonography
can also study the proximal colon. Sagittal images are helpful 
in surgical planning. (Courtesy of W. Luboldt, M.D., Johann 
Wolfgang Goethe University, Frankfurt-am-Main.)
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resolved in 67% (146). A multicenter study of 71
patients with acute malignant obstruction
found self-expandable metallic stent placement
to be technically successful in 90%, but it was
not possible to advance across the obstruction
in 3% and the prostheses was poorly positioned
in 7% (147).

Stent complications include perforation and
stent dislocation. Completely covered stents
tended to migrate more than uncovered stents.

Metastasis as the Initial Presentation: Only an
occasional colorectal cancer presents first as a
metastasis, generally in the liver. A rare rectal
cancer spreads via systemic veins, but pul-
monary metastases also occur occasionally
from a nonrectal site.

Bone and cerebral metastases as an initial
presentation are rare. A cecal carcinoma in a 
cirrhotic patient first presented with umbilical
metastasis (Sister Mary Joseph node) (148). A
curiosity is a single microscopic metastatic
focus in a resected thyroid colloid nodule in a
patient with unsuspected sigmoid colon carci-
noma and multiple liver metastases (149).

Staging

General: Several staging systems are in use,
including the tumor, node, metastasis (TNM)
system (Table 5.4). The Dukes staging system
was originally designed for rectal carcinomas,
but over the years it has been expanded to
include colon cancers; a number of
modifications and subdivisions have evolved,
and if the Dukes system is used, the specific
modification employed should be identified.

A small colorectal cancer initially tends to
grow more circumferentially rather than longi-
tudinally along the colon wall. Spread occurs via
both the lymphatics and hematogenously. A
cancer in the intraperitoneal colonic segments
is prone to form peritoneal carcinomatosis once
the serosal barrier is breached.

Some carcinomas, especially well-
differentiated ones, invade extensively into sur-
rounding organs without evident metastasis to
lymph nodes or more distant structures. For
example, a large transverse colon carcinoma in
a 60-year-old woman had invaded the adjacent
duodenum and pancreas and was in close
contact to the superior mesenteric vein (150);
no metastases were evident and en bloc resec-
tion revealed no lymph node spread.

Ability to detect perirectal node involvement
varies with node size. In general, malignant
nodes are larger than nonmalignant ones,
although some normal sized nodes are invaded
and some enlarged ones are not. Enlarged
lymph nodes can be due to reactive inflamma-
tion. In addition, metastatic nodes range from
being partially to totally invaded. Similar to
metastatic nodes at other body sites, aside from

Table 5.4. Tumor, node, metastasis (TNM) staging of colorectal
tumors

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ: Intraepithelial or invasion of 

lamina
Tl Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades through muscularis propria into 

subserosa, or into nonperitonealized 
pericolic or perirectal tissues

T4 Tumor directly invades other organs or 
structures, and/or perforates visceral 
peritoneum

Lymph nodes:
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
Nl Metastasis in 1 to 3 regional lymph nodes
N2 Metastasis in 4 or more regional lymph nodes

Distant metastasis:
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Tumor staging:
AJCC/UICC DUKES-3*

Stage 0 Tis N0 M0 —
Stage I T1 N0 M0 A

T2 N0 M0 A
Stage IIA T3 N0 M0 B
Stage IIB T4 N0 M0 B
Stage IIIA T1,2 N1 M0 C
Stage IIIB T3,4 N1 M0 C
Stage IIIC any T N2 M0 C
Stage IV any T any N M1 D

AJCC, American Joint Committee on Cancer; UICC, Union Interna-
tionale Centre le Cancer.
* Dukes B is a composite of better (T3, N0, M0) and worse (T4, N0,
M0) prognostic groups, as is Dukes C (any T, Nl, M0 and any T, N2,
M0).
Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.
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node size, node metastases do not correlate with
a specific imaging appearance. Also, some col-
orectal cancers metastasize to more distant
lymph nodes and bypass closer nodes. Such
skipping nodal metastases are detected in about
10% of patients; patients with skipping nodal
metastases have a significantly better prognosis
than those without bypassed metastases.

Routine preoperative CT and MR colon
cancer staging is of limited use because of low
accuracy in assessing the depth of tumor inva-
sion and detecting early lymph node invasion,
but these examinations are very useful for
detecting invasion of adjacent structures and
metastasis to distant sites. Almost all colon
cancers are resected. Patients with rectal cancer,
on the other hand, have additional therapeutic
options, and initial staging often determines the
type of therapy employed.

The Radiology Diagnostic Oncology Group
concluded in 1996 that CT and MRI accuracies
were equivalent in depicting transmural tumor
spread, assessing lymph node involvement,
and detecting liver metastases (151). Due to
advances in CT and MR equipment and soft-
ware design since then, however, these results
should be viewed as obsolete.

Staging is best approached by treating rectal
and nonrectal cancers separately.

Rectal Carcinoma: Rectal wall penetration
and pelvic lymph node involvement are the
major prognostic factors in predicting recur-
rence. Some lymph nodes <5 mm in diameter
already contain metastases, a limitation in the
imaging prediction of tumor spread. Neverthe-
less, the sensitivity for detecting positive lymph
nodes is greater for rectal tumors than for 
more proximal colonic tumors because benign
perirectal adenopathy is uncommon.

The prevalence of lymph node involvement
with rectal cancers is related to tumor depth.
Among rectal cancers, lymph node involvement
was as follows: T1, 6%; T2, 20%; T3, 66%; and T4,
79% (152). A biopsy finding of lymphatic vessel
invasion was highly indicative of lymph node
metastasis.

One pathway for the spread of sigmoid and
high rectal cancers is via the inferior mesenteric
lymph chain, but specific spread is unpre-
dictable and can include the inferior mesenteric
lymph nodes, nodes adjacent to rectum, and
nodes at the root of the inferior mesenteric
artery.

A meta-analysis of articles published up to
2002 found that for muscularis propria invasion
by a rectal cancer US and MR had similar sen-
sitivities but US specificity was 86% and MR
69% (153); sensitivity for perirectal tissue 
invasion was: CT 79%, US 90% and MR 82%,
with similar specificities. All three modalities
were comparable for detecting lymph node
involvement.

Multidetector CT is more accurate in staging
more advanced rectal cancers than more
superficial ones; CT does not provide rectal wall
details. Adding multiplanar reconstruction
improves local staging of these cancers.

In 53 consecutive patients with distal rectal
carcinoma, CT sensitivity for detecting perirec-
tal and inferior mesenteric lymph node metas-
tases was 53% and specificity 85% (154).

Computed tomography using a water enema
(hydro-CT) appears useful in staging rectal
cancers. Hydro-CT studies tend to be more
accurate than no enema studies; increased accu-
racy is mostly in detecting invasion within or
beyond the muscular layers. A CT study of
patients with rectal cancer using a tap water
enema, IV contrast, and pharmacologic bowel
hypotonia reached a sensitivity of 90% and
specificity of 70% in differentiating tumors
limited to bowel wall from those invading
extrinsically (155).

Conventional US has been largely supplanted
by endorectal US in staging rectal carcinomas.
Endorectal US is very accurate in T-staging
superficial cancers but not more advanced
cancers because of limited acoustic range.
Some authors express endorectal US staging
using TNM nomenclature—called the uTNM
classification. Although some results are prom-
ising, the overall conclusions are rather pes-
simistic, especially for detecting lymph node
metastasis.

Endoscopic resection should be possible if
imaging could differentiate between mucosal
and submucosal invasion. A number of stuties
of early rectal cancer concluded that endoscopic
US is not accurate enough to determine appro-
priate therapy for these tumors. On the other
hand, a more recent study found that endorec-
tal US achieved a sensitivity and specificity of
93% and 71%, respectively, and MRI 100% and
60% for detecting rectal wall penetration (156).
Endorectal US does not reliably detect muscu-
laris propria invasion (T2 tumors). Endorectal
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US does, detect perirectal fat invasion (T3
tumors). Tumor spread to more distal struc-
tures, such as bladder, is more problematic.

Ultrasonography of the distal rectum is more
difficult and the tissue planes are less well
defined than more proximally, and endoscopic
US staging accuracy in the distal rectum is lower
than in the middle or proximal segments. On 
the other hand, endorectal US is accurate in
evaluating anal canal infiltration by low rectal
cancers. The overall tendency in staging rectal
villous tumors with endoscopic US is to over-
stage rather than understage. Endoscopic US in
patients with a rectal adenocarcinoma per-
formed within 2 weeks prior to surgery and
radiation therapy overstaged 21% and under-
staged 9% of patients (157). Overstaging of the
depth of invasion is due, in part, to tumors
located close to an uninvolved layer, not 
uncommon adjacent inflammation and hyper-
vascularity, which tend toward a more ane-
choic appearance than tumor infiltration.
Microscopic invasion accounts for some 
understaging.

After a rectal polypectomy with an adenocar-
cinoma discovered in the specimen, endorectal
US detected residual tumor with a sensitivity of
100% but a specificity of only 44% (158).

How accurate is endorectal US in detecting
local lymph node invasion? Considerably more
lymph nodes are involved at histologic exami-
nation than are detected by US, and a number
of studies have concluded that endoscopic US is
too unreliable to be used in preoperative patient
selection. Some enlarged lymph nodes are due
to reactive inflammation and not tumor infi-
ltration. The ability to detect perirectal nodes
varies with node size. In general, malignant
nodes are larger than nonmalignant ones,
although overlap exists. Metastatic nodes range
from being partially to totally invaded. Similar
to metastatic nodes at other body sites, aside
from node size, node metastases do not corre-
late with a specific imaging appearance. Several
studies concluded that endoluminal US does not
reliably identify the extent of lymph node
involvement. The role of 3D endorectal US 
in staging rectal carcinoma remains to be 
established.

Whether patients are treated by radiotherapy
or chemotherapy prior to surgery also appears
to influence rectal US accuracy. Diagnostic US
accuracy for wall infiltration and lymph node

detection decreases after preoperative radio-
therapy or chemoradiotherapy.

In patients with known rectal tumors,
endorectal US and MRI achieve comparable
staging results. The advantages of endorectal US
are its small-diameter instruments, its ready
availability, it is technically less demanding, and
it costs less; MRI, on the other hand, is operator
independent and also evaluates other sites.

Magnetic resonance imaging using an
endorectal coil provides more detail than
similar MRI using a surface coil. On the other
hand, use of an endorectal coil combined with
imaging using external coils appears advanta-
geous in assessing both intramural tumor
infiltration and more distal pelvic spread. Little
data exists on placing such combined imaging
in a proper perspective.

High-spatial resolution MRI using T2-
weighted FSE images identifies mesorectal
fascia, peritoneal reflection, Denonvilliers fascia
and adjacent structures. Magnetic resonance
imaging has a tendency to understage rectal
carcinomas (Fig. 5.29). Overstaging in some
patients is due primarily to the presence of adja-
cent perirectal inflammation.

Rectal distension by a water enema improves
MR detection of rectal wall penetration. Using a
rectal ferric ammonium citrate enema, spin
echo MRI identifies most rectosigmoid cancers.
Preoperative MR staging of rectal cancer
achieved a 100% sensitivity and 70% specificity
in distinguishing tumor stages worse than
Dukes’ stage A (159); on T1-weighted images a
rectal superparamagnetic contrast enema
creates a signal void in a distended lumen while
wall contrast enhancement by IV gadolinium
differentiates mucosa, muscle layers, and
perirectal space, details not obtainable with
nonenhanced images.

In a randomized phase II trial, preoperative
MR using the superparamagnetic iron oxide
rectal contrast agent ferristene and IV contrast
achieved a sensitivity of 97% and specificity of
50% in staging carcinomas higher than T2 stage
(160); using receiver operator characteristic
(ROC) analysis, MR differentiated between
T1/T2 and T3/T4 tumor stages with a ROC
index of 0.85. Higher viscosity rectal contrast
agent formulations were superior to low-
viscosity formulations, but no significant differ-
ences were found between high and low iron
content agents.
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Similar to other imaging modalities, small
lymph node metastases are not identified,
although iv SPIO agents show promise. Non-
malignant nodes are hypointense or have a
hypointense center, while eccentric and hyper-
intense nodes tend to contain metastases larger
than 1 mm in diameter, although overlap does
exist (161).

Can MRI predict sphincter salvage in these
patients? A prospective MRI study of patients
with a low or middle third rectal adenocarci-
noma (defined as <12 cm from pectinate line)
using rectal and IV contrast and a flexible
surface coil achieved 100% sensitivity and 98%
specificity in assessing anal sphincter infiltra-
tion and 90% sensitivity and 100% specificity in
detecting adjacent organ infiltration (i.e., T4
stage) (162); nodal staging, however, was sub-
optimal—MRI reached a 68% sensitivity and
24% specificity.

Magnetic resonance imaging potentially dif-
ferentiates between mucinous and nonmuci-
nous rectal tumors. On T2-weighted fast 
SE images mucinous tumors had signifi-
cantly higher tumor-to-muscle, tumor-to-
fat, and tumor-to-urine signal intensity ratios 
compared with nonmucinous tumors (163);
most mucinous tumors also revealed peripheral
post–gadolinium contrast enhancement.

Nonrectal Carcinoma

Although some earlier studies claimed high CT
sensitivity and specificity in detecting local
tumor extension (T stage), more recent studies
are more pessimistic. Local CT staging accuracy
increases at higher disease stages. In general,
the presence of obvious pericolic spread and
nodal involvement is more reliable than nega-
tive findings. Nodal involvement is assessed by
simply detecting enlarged nodes. Disappoint-
ingly, an accuracy of only about 50% has been
achieved by a number of studies for nodal
metastases.

Most current CT colonography research
involves tumor detection, although some evi-
dence suggests that it also should have a role in
staging. Thus one study achieved an overall
accuracy of 83% in T staging and 80% in N
staging when employing contrast enhanced
transverse and multiplanar reformated CT
colonography, with images obtained in the arte-
rial phase focusing on the suspected neoplasm
and portal venous phase images on the entire
abdomen and pelvis (164).

The results of hydrocolonic US to detect and
stage colorectal carcinomas have been disap-
pointing. Assessment of lymph node involve-
ment is poor.

Figure 5.29. Rectal carcinoma.Precontrast (A) and contrast-enhanced (B) coronal T1–weighted MR images identify a left distal rectal
tumor (arrows) invading perirectal fat. (From Burgener FA, Meyers SP, Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic Reso-
nance Imaging. Stuttgart: Thieme, 2002, with permission.)

A B
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Comparing different MR studies is difficult
because results vary considerably depending 
on sequences employed. A number of studies
have concluded that MR staging accuracy,
including nodal involvement, is similar to that
obtained with CT. Nevertheless, MRI staging is
still in its infancy and future improvements hold
promise.

18F-fluoro-deoxy-D-glucose PET appears
useful in staging colon cancer. It identifies
primary carcinomas (including in-situ carcino-
mas) but is insensitive in detecting lymph node
metastases (165); similar results were obtained
with CT. On the other hand, 18F-FDG-PET
detects extrahepatic colon metastases missed by
other imaging modalities (including CT and
MRI); PET detects extraperitoneal nodal metas-
tases, pulmonary metastases, and regional
lymph node involvement. Thus PET influences
patient selection for hepatic resection.

But 18F-FDG-PET is false-positive in patients
with inflammatory bowel or other sites of
inflammation.

Radioimmunoscintigraphy holds promise in
detecting metastases, but sufficient clinical data
are not available on its use in initial staging.
Operative gamma probe immunoscintigraphy
achieves high sensitivity in detecting liver and
extrahepatic abdominal tumor sites but is little
practiced.

Therapy

Rather active current research interests involve
immunotherapy and genetic therapy. A current
trend is toward more aggressive therapy of
metastases with such modalities as hyperther-
mia, cryoablation, and various combination of
systemic therapy and surgery. Currently a
majority of patients undergo colon cancer
resection even in the face of metastases.

For Cure

Endoscopic: A cancer that has not penetrated
through the muscularis mucosa is considered a
carcinoma-in-situ, and generally endoscopic
polypectomy suffices. Terms synonymous with
carcinoma-in-situ include intramucosal carci-
noma, carcinoma limited to mucosa or lamina
propria, and superficial carcinoma. The latter
term, however, is sometimes applied to cancers

that also involve the submucosa and thus has an
imprecise meaning.

Spread beyond muscularis mucosa signifies
an invasive cancer and wider excision is indi-
cated, although some pedunculated polyps are
resected endoscopically if no vascular or stalk
invasion is evident (Fig. 5.30).

One interesting fusion of procedures con-
sists of laparoscopically assisted endoscopic
polypectomy for broad-base polyps. Under
general anesthesia, endoscopic polypectomy is
assisted by laparoscopy and the polyp site is
then sutured using a laparoscopic approach.

Surgical: Colorectal cancer surgery is per-
formed in the very old, with cancer-free survival
in these elderly patients being quite good. Indi-
cations for surgery should be rather liberal; this
is in contradistinction to gastric cancer surgery
where survival is much more limited.

In addition to preoperative imaging, liver 
palpation at laparotomy aids in detecting liver
metastases at the time of surgery. Intraoperative
liver US is also very useful in further staging and
patient selection for additional therapy but 
currently is not widely practiced. The quality of
operative US influences considerably the results
obtained.

Preliminary results of laparoscopic colon
cancer resection are encouraging, with patient
survival, tumor recurrence, and mortality being
similar to those of open resection. The liver
cannot be palpated during laparoscopic colo-

Figure 5.30. Pedunculated sigmoid adenocarcinoma (arrow).
The stalk is seen as a circle within this 1-cm round, smooth
tumor.
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rectal cancer resection, and this useful diag-
nostic procedure, performed during an open
resection, is thus lost. One proposal is that intra-
operative laparoscopic US be included as part 
of laparoscopic colorectal cancer resection; it is
possible to scan all liver segments through a
single port site for possible metastases. Never-
theless, this is a complex procedure requiring
that a radiologist be present in the surgical suite;
all parenchymal segments and major intra-
hepatic vascular and biliary structures need 
to be identified during the scan. This takes 
considerable time and effort.

European clinical trials of rectal cancer
patients suggest that best results are achieved
with radiation therapy followed by surgery. In
the United States postoperative radio- and
chemotherapy are used for T3 and N1 cancers.
One complication after radical surgery for rectal
carcinoma is vesicourethral dysfunction.

Radiochemotherapy: Local excision or
endorectal radiotherapy are alternate therapies
for local control of some select early rectal
cancers. A number of studies have established
that radiation therapy pre- and postsurgery
improves survival. Preoperative radiotherapy
appears superior for local tumor control.
Radiochemotherapy alone is appropriate in a
setting of an unresectable tumor.

Antitumor activity of some chemotherapeu-
tic agents consists of thymidylate synthetase
inhibition, an enzyme necessary in DNA syn-
thesis (166); dose-limiting toxicities prevent
their more widespread use. Nevertheless, adju-
vant therapy with 5-fluorouracil and levamisole
does increase the cure rate of stage III (Dukes’
C) colon cancer patients. Likewise, radiation
therapy combined with chemotherapy appears
to have a role in patients with stages II (Dukes’
B2) and III rectal cancer.

A combination of adjuvant radiochemother-
apy and radical surgery in patients with rectal
carcinoma achieves mixed results. Complete
response to preoperative chemotherapy and
radiation therapy for locally advanced rectal
cancer is achieved in a minority. In some
patients such therapy also decreases cancer
stage, thus permitting a sphincter-saving 
procedure.

Computed tomography has a major role in
planning preoperative radiotherapy.

Serial postcontrast infusion MRI in patients
with T3 rectal carcinoma during preoperative

radiotherapy provides tumor perfusion data
from which a tumor perfusion index (PI) was
established (167); the PI increased significantly
during the first 2 weeks of therapy, and then
decreased. A high initial PI value correlated 
with subsequent greater lymph node down-
staging and thus is potentially of prognostic 
significance.

Radioimmunotherapy: The use of mono-
clonal antibody radioimmunotherapy for
primary colorectal cancer is still in investi-
gational status. Simultaneous injection of
copper 67 and sodium iodide 125–anti-CEA
monoclonal antibody in six patients yielded an
average Cu-67/I-125 ratio of 1.9 for tumor
uptake, 0.7 for blood, and 2.6 for tumor to blood
(168); one problem identified by the study was
that Cu 67–monoclonal antibody tumor uptake
was too low while liver and bowel uptake was 
considerable.

Other: Ten patients with advanced pelvic
cancer (recurrent rectal and ovarian cancer)
underwent sequential arterial cisplatinum and
mitomycin infusion via an extracorporeal
circuit established by isolating pelvic vessels
with balloon catheters placed above the aortic
and caval bifurcations and pneumatic cuffs at
the thighs (169); although the authors estab-
lished the feasibility for such extracorporeal
perfusion, 2-year patient follow-up failed to
show a positive response.

Palliation

In the absence of metastases, a preoperative 
definition of an unresectable cancer is often
imprecise. Especially for rectal cancers, unre-
sectability is often established only at surgery.

Patients with unresectable rectal cancer
undergo palliation therapy. A combination of
local excision, radiation, and chemotherapy is
balanced depending on the size of the local
tumor spread, the size of the metastases, and life
expectancy. Repeat local excision is appropriate
for some. Even pelvic reradiation appears to
have a role in select patients. Published reports
of brachytherapy have been disappointing.

Endoscopic laser therapy using an Nd:YAG
noncontact laser performed in patients with
obstructing or bleeding inoperable colorectal
cancers initially control symptoms in most
patients, but symptoms can be expected to
recur.
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For Obstruction: Most stents are inserted 
retrograde for palliation of rectosigmoid
tumors. An occasional one is inserted antegrade
via a percutaneous cecostomy. In addition to
relief of obstruction prior to surgery, expand-
able intraluminal stents decompress the bowel
for palliation of a nonresectable tumor, obviat-
ing a permanent colostomy (146). A multicenter
study of successful palliative stent placement
found bowel obstruction resolving within 
24 hours of stenting in 96% of patients, with
none requiring a colostomy for decompression
(170).

Complications, consisting of mild rectal
bleeding, abdominal pain, stent malpositioning,
obstruction due to fecal impaction, and even-
tual tumor ingrowth into the stent lumen, are
not uncommon. Stents have perforated and
migrated.

Among survivors, estimated primary stent
patency rate was 91% at 6 months (146).

For Bleeding: An occasional patient with 
colorectal cancer presents with massive and
potentially life-threatening bleeding. Even in a
setting of an unresectable tumor, transcatheter
embolization should be encouraged. Reembo-
lization is performed if bleeding recurs. Most of
these patients eventually die from tumor
cachexia rather than exsanguinate.

Recurrence and Follow-Up

General: Although screening for recurrence is
commonly practiced, guidelines on specific
follow-up have not been established. Screening
practices for hepatic and pulmonary metastases
vary considerably between hospitals.

Currently a CEA determination is the most
common test used to detect cancer recurrence.
Carcinoembryonic antigen has a high specificity
for tumor recurrence and not uncommonly is
positive before imaging. On the other hand,
whether frequent CEA determinations prolong
survival is not clear.

The role of colonoscopy in screening for 
local recurrence is rather limited because only
about 10% of recurrences are intraluminal.
Colonoscopy does have a long-term role,
however, in detecting new adenomas and
metachronous cancers. Although colonoscopy
does have a long-term role in detecting new ade-
nomas and metachronous cancers, preliminary
studies suggest, however, that CT colonography

is a feasible alternative to both conventional
colonoscopy and liver US in following these
patients (171).

Both CT and MRI have a major role in detect-
ing recurrence of colorectal cancers, with some
studies claiming an accuracy over 90%. A basic
question, however, is whether such early recur-
rence detection influences survival. Current
data suggest a rather pessimistic answer.
A prospectively, randomized study with pa-
tients undergoing either intensive (yearly
colonoscopy, liver CT, chest radiography, clinical
review, and simple screening) or standard
follow-up (structured clinical review and simple
screening tests only) found no significant dif-
ference in survival between the two groups after
a 5-year follow-up (172); yearly colonoscopy
failed to detect any asymptomatic local recur-
rence, and only one asymptomatic curable
metachronous colon tumor was found. Liver CT
resulted in earlier detection of hepatic metas-
tases but did not increase the number of cura-
tive hepatectomies.

Local peritoneal involvement appears to
supersede other parameters in estimating
patient prognosis. Nevertheless, the clinical
significance of malignant cells in the peritoneal
cavity is not clear. For instance, in patients with
no evidence of peritoneal metastases, peritoneal
washing before elective colon resection for ade-
nocarcinoma detected malignant cells in 32% of
patients with tumor extending to the serosa
(173); the 5-year survival rates were 48% for
those with positive washing and 68% for those
with negative washing, although multivariate
analysis revealed no significant association
between positive washing and survival.

Rectal Carcinoma: Recurrence of rectal carci-
nomas is discussed separately because its 
recurrence patterns and imaging approach are
distinct from those in more proximal colon.
Tumor recurrence must be distinguished from
postresection fibrosis and surgical deformity
(Fig. 5.31). Staging of patients with a proven
rectal cancer after radiation and chemotherapy
is especially difficult. Both CT and endorectal
US overstage these cancers even in patients 
subsequently found to have no residual cancer.
No current imaging modality can reliably dis-
tinguish between radiation fibrosis and residual
cancer, although MR and scintigraphy show
promise (see below). With most imaging a 
baseline study 2 to 4 months after surgery is
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very useful. Postoperative fibrosis retracts over
time and gradually develops well-defined
margins.

Recurrence after an abdominoperineal resec-
tion is most often local. It tends to infiltrate dif-
fusely and is asymmetrical in appearance (Fig.
5.32). No consensus exists on the best imaging

modality to evaluate for recurrence. Recurrence
detection rates of >90% by endorectal US are
being achieved, and this study appears espe-
cially useful in this setting.

CT achieves about an 80% sensitivity and
specificity in detecting recurrence, while MRI
sensitivity is similar but specificity is greater. A
typical protocol for these patients consists of CT
performed within 2 to 4 months after resection
and repeated every 6 to 8 months during the first 
2 years (with CEA testing); MRI is reserved 
for those with a positive or questionable CT
finding, those with different clinical symptoms,
and those with an increasing CEA. A biopsy is
indicated if MRI does not resolve the issue.

Postcontrast CT of active granulation tissue
reveals considerable enhancement. Compound-
ing the issue is that local recurrence of rectal
cancer results in transient early enhancement at
the anastomotic site; whether recurrence can be
confidently differentiated from postoperative
granulation tissue is not clear.

After rectal cancer resection, the most
common CT finding of recurrence is a round or
nodular enhancing tumor. A retrospective study
of postsurgery or radiotherapy rectal cancer
patients who had at least three CT examinations
concluded that relapse should be considered if
a presacral mass enlarges, appears inhomoge-

Figure 5.31. A double-contrast barium enema reveals a benign
anastomotic stricture (arrow) after sigmoid resection for cancer.

Figure 5.32. A: Recurrent rectal carcinoma (arrow) in a patient
with a prior rectal cancer resection and a side-to-end low 
colorectal anastomosis. B: Tumor recurrence at anastomosis 
in another patient. Barium enema reveals an irregular, ulcerated
infiltrating tumor (arrows).A

B
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neous, and is asymmetric in outline, or if
enlarged lymph nodes develop and infiltrate
surrounding structures (174); an unchanged
appearance in several follow-up CT examina-
tions is evidence for lack of recurrence. A
necrotic recurrence is often difficult to distin-
guish from an inflammatory mass or abscess.

Some evidence suggests that radiation 
fibrosis has a somewhat different MR enhance-
ment pattern than postoperative scar tissue.
Granulation tissue developing shortly after
rectal cancer resection shows marked post-
contrast CT enhancement and is hyperintense
on T2-weighted MR images. Eventual fibrosis,
especially evident after radiation therapy,
is hypointense on both T1- and T2-weighted
images. Fibrosis shows poor but variable
enhancement postcontrast. Retraction of sur-
rounding tissues is common. Fibrosis exhibits
an irregular enhancement even years after 
radiation therapy.

Technetium-99m–labeled anti-CEA antigen-
antibody scintigraphy appears to have a role in
detecting pelvic recurrence, with sensitivity
being similar to that of CT. Sensitivity is greater
with an increase in size of a recurrence. In select
patients antibody scanning aids in differentiat-
ing recurrent tumor from fibrosis.

18F-fluoro-deoxy-D-glucose PET shows in-
creased tumor uptake at recurrence sites; scar
tissue has low FDG accumulation. FDG-PET in
one study achieved a sensitivity of 82% and a
specificity of 65%, but combined PET/CT sensi-
tivity increased to 98% and specificity 96% in
differentiating malignant from benign disease
(175).

With suspected local recurrence, either 
transrectal-guided fine-needle aspiration cytol-
ogy using a 21-gauge needle or a core biopsy
with an 18-gauge needle appears appropriate. If
a tumor is palpable, digitally guided puncture is
feasible; for others, either CT or US guidance is
used. Whether 3D endorectal US guidance aids
the biopsy of suspected perirectal recurrence
remains to be established.

Nonrectal Carcinoma: As a rough estimate,
approximately 50% of patients undergoing 
curative resection for Dukes C colorectal cancer
develop a recurrence within 3 to 5 years, and
over 90% of them die from their cancer. In those
developing a recurrence, almost all colorectal
cancers recur within 3 years. Because many
recurrent carcinomas consist primarily of an

extrinsic component, CT and MRI are well
suited for postresection follow-up. A baseline
study aids the future differentiation of fibrosis
from recurrent tumor.

Superficially, a suture granuloma developing
after bowel resection and reanastomosis mimics
local recurrence with both colonoscopy and a
barium enema.

Considering enhancement within 90 seconds
of an abnormal structure on dynamic contrast-
enhanced subtraction MRI to signify a malig-
nancy, MR achieved a 97% sensitivity and 81%
specificity in differentiating fibrosis from recur-
rence during follow-up (176); using a finding 
of high signal intensity on T2-weighted SE
images as a criterion for malignancy, sensi-
tivity and specificity were only 77% and 56%,
respectively.

Distal Recurrence: For unknown reasons,
colorectal cancer metastasis to a fatty liver is
uncommon.

Colorectal cancer metastasis to bone is not
uncommon. At times bone biopsy is required
both for diagnosis and to exclude osteomyelitis.
Bone metastasis is more common with rectal
and cecal cancers than with other colon cancers.
What is uncommon is to find a solitary bone
metastasis or a metastasis years later. Signet
ring cell cancers appear to have a higher
propensity for bone metastasis. Brain metasta-
sis is uncommon but does occur. A rare metas-
tasis occurs within a laparotomy scar.

In women with a prior colorectal adenocarci-
noma who then developed a new pelvic tumor,
ovarian metastasis was found in 57%, a benign
ovarian neoplasm in 26%, and a primary
ovarian cancer in 17% (177); among women
with a past colorectal cancer, a newly diagnosed
uterine cancer was a primary endometrial 
adenocarcinoma in 73% and metastatic colon
cancer in 20%. The rare colorectal carcinoma in
adolescent girls frequently metastasizes to the
ovaries; these ovarian metastases range from
solid, combined solid and cystic, to multilocular
cysts, although they tend to be cystic less often
than in older patients.

Calcifications in metastatic colon carcinoma
are not uncommon; such calcifications are
readily identified with CT. Ossification in a
metastatic colon carcinoma is rare.

Imaging studies useful in evaluating liver and
extrahepatic metastases include conventional
chest radiographs, CT, MRI, and scintigraphy.
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Resection of liver metastases is precluded in the
face of extrahepatic metastases (liver metastases
are discussed in more detail in Chapter 7).

Both 18F-FDG-PET and radioimmuno-
scintigraphy detect earlier local recurrence than
is possible with CT or MRI and aid in identify-
ing tumor involving normal size lymph nodes.
Their current use, however, is still rather limited
and their role in the latter clinical setting is not
yet adequately established.

Theoretically, colon cancer detection is
improved by combining a monoclonal antibody,
which has selective tumor affinity, with PET
scanning, which has increased sensitivity and
resolution over conventional imaging. To test
this hypothesis, an anticolorectal cancer mono-
clonal antibody (MaB 1A3) was labeled with
copper 64, which is a positron emitting radionu-
cleotide (178); such monoclonal antibody-PET
scanning achieved a sensitivity of 71% in detect-
ing confirmed tumor sites.

In patients with suspected recurrent colorec-
tal or ovarian carcinoma and normal or equiv-
ocal CT or MR studies, indium 111 satumomab
pendetide (OncoScint) imaging and FDG-PET
imaging are similar in their tumor detection
abilities; the radioimmunoconjugate OncoScint
is better at detecting carcinomatosis, but PET
better detects liver metastases. Indium 111 sat-
umomab liver imaging is suboptimal due to
high background levels; nevertheless, it does
provide relevant information about extent and
location of recurrent colorectal cancer through-
out most of the abdomen. It appears especially
useful in patients with normal other imaging
studies but a rising or high CEA level. An occa-
sional indium 111 satumomab study is false
positive, with activity detected in another
tumor, such as a nonfunctioning adrenal
adenoma.

Single photon emission computed tomogra-
phy (SPECT) immunoscintigraphy using Tc-
99m–anti-CEA monoclonal antibodies shows
promise in follow-up after surgery. There are,
however, problems in interpreting images
because of variations in antibody distribution.
It detects local or abdominal recurrence and
appears to be more accurate than CT in the
abdomen.

Scant literature exists on the usefulness of
PET imaging in detecting recurrent colorectal
cancer, although PET is more sensitive in detect-
ing early recurrence than CT or MRI. In fact,

PET appears to be more sensitive than CEA in
detecting tumor recurrence. In previously
treated colorectal cancer patients with sus-
pected recurrence, FDG-PET detects >90% of
liver and extrahepatic metastases, considerably
more than CT. In fact, currently FDG-PET is the
most accurate noninvasive modality for staging
patients with recurrent metastatic colorectal
cancer.

Anaplastic Carcinoma

Colorectal small cell anaplastic carcinomas are
rare. Some contain exocrine differentiation.
These tumors tend to be aggressive and metas-
tasize early, both to lymph nodes and hematoge-
nously. Staging should include CT of the chest
and abdomen and bone scintigraphy.

Adenosquamous/Squamous Cell Carcinoma

These are rare but aggressive colorectal tumors
having a predilection for the rectum; some are
associated with ulcerative colitis or with other
carcinomas.

About 70% of anal carcinomas are squamous
and 30% are cloacogenic (179). Imaging has no
role in detecting these cancers but aids 
in staging. They spread mostly locally to the
perirectal, inguinal, and iliac nodes; distal
spread is to the lungs and liver.

Traditional therapy of anal carcinoma was 
an abdominoperineal resection, which is rarely
performed now, having been supplanted by
radiation and chemotherapy.

Lymphoma

Lymphomas range from diffuse gastrointestinal
tract involvement to, less often, being limited to
the colon. Cecum and rectum are the most
common large bowel sites. Primary colon lym-
phomas tend to present as large intramural
infiltrating tumors. Over half of primary colonic
non-Hodgkin lymphomas are diffuse large-cell
lymphomas.

Clinically, some colonic lymphomas present
with signs and symptoms similar to those of
an adenocarcinomas; others mimic inflamma-
tory bowel disease. Less common presentations
are acute abdomen, intussusception, or simply
with an abdominal tumor. A possibility of lym-
phoma being misdiagnosed as inflammatory
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bowel disease from superficial mucosal biopsies
has already been mentioned (see Ulcerative
Colitis). Some of these patients undergo steroids
therapy until a correct diagnosis of lymphoma
is made. In fact, lymphoma should be consid-
ered in the differential diagnosis of a dense lym-
phocytic infiltrate obtained from a segment of
bowel simulating either ulcerative colitis or
Crohn’s disease.

Although not common, patients with
leukemia have developed colon lymphoma.

Overall, colonic lymphomas appear similar 
to those seen in the small bowel. A common
appearance is that of an intramural infiltrating,
sharply marginated tumor. Involved colon tends
to be thickened and distorted, an aid in differ-
entiating lymphomas from adenocarcinomas.
A lymphomatous large, ulcerated mass is less
common. A rare appearance is aneurysmal dila-
tion of the affected colonic segment.

Unlike cecal adenocarcinomas, extension
across the ileocecal valve is common with lym-
phomas, and the site of origin is often difficult
to determine; some authors use the term ileoce-
cal lymphoma to describe these tumors. Their 
differential diagnosis includes a mesenchymal
tumor and localized Crohn’s disease.

Double-contrast barium enema findings in
patients with peripheral T-cell lymphoma range
from diffuse colonic involvement to focal, and
from aphthae, gross ulcers, polyps, and circum-
ferential narrowing to simply ileocecal defor-
mity (180). An occasional lymphoma manifests
as multiple polyps in the proximal gastroin-
testinal tract and numerous aphthae in the
colon.

An occasional colonic lymphoma presents as
diffuse polyposis. These polyps tend to vary in
size, and the barium enema appearance mimics
familial polyposis, although the two entities can
usually be differentiated on clinical grounds.
Most often such lymphomatous polyposis rep-
resents B-cell lymphoma.

Sarcoma

Leiomyosarcomas are the most common
primary colorectal sarcomas. These sarcomas
tend to be larger than carcinomas at first pres-
entation. After resection the 5-year survival
depends on the tumor grade.

Endoscopic US identifies rectal leiomyosar-
comas as hypoechoic tumors.

Liposarcoma

Magnetic resonance imaging of liposarcomas
reveal several patterns. Well-differentiated
liposarcomas have MRI characteristics similar
to those of a lipoma, consisting of a well-
marginated tumor hyperintense on T1-
weighted images, hypointense on T2-weighted
images, and showing little if any contrast enhan-
cement; less well-differentiated liposarcomas
tend toward a heterogeneous appearance, with
many containing varying amounts of necrosis.
In general, tumor necrosis varies inversely with
the degree of tumor differentiation.

Angiosarcoma

Colonic angiosarcomas are rare. A cecal
angiosarcoma occasionally intussuscepts.

Histiocytoma

Primary colonic malignant fibrous histiocy-
tomas are rare. Initially these sarcomas are
confined to the colon wall, but with growth
ulcerate through the mucosa and bleed, or they
invade the adjacent soft tissues. Peritoneal
implants and lymph node metastases are
evident with some. Also, an adjacent extraperi-
toneal malignant fibrous histiocytoma readily
invades the colon and appears as an infiltrating
serosal tumor.

Imaging reveals a solid, generally large tumor
suggesting a sarcoma or lymphoma.

Pathologic identification of a histiocytoma is
not always straightforward. At times an
inflammatory fibrosarcoma and a leiomyosar-
coma are in the differential.

Carcinosarcoma

Only a few colonic carcinosarcomas have been
reported. A question is occasionally raised
about whether these represent two separate col-
lision neoplasms, although most carcinosarco-
mas appear to represent differentiation of a
single progeny into two cell types. The presence
of retroviral particles in the sarcomatous cells 
of some of these tumors supports the theory of
tumor differentiation from a carcinomatous
into a sarcomatous component.

An elevated, fungated, ulcerated tumor is a
typical appearance. Most carcinosarcomas carry
a poor prognosis.
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Melanoma

Most of the rare primary melanomas are found
in the rectum, and these patients present with
rectal bleeding. They tend not to obstruct.

Primary rectal malignant melanomas tend to
be polypoid or fungating, but often already
extending to the pelvic side wall at initial pres-
entation (181). A cancer is often suspected.
Adenopathy is common. At times a biopsy 
contains few melanocytes but considerable
inflammation, and only after tumor excision is
a correct diagnosis made.

A dual rectal melanoma and adenocarcinoma
are occasionally reported; presumably such dual
collision neoplasms develop by chance.

Both primary and metastatic melanomas
have a high tumor-to-background PET activity
and FDG-PET scanning is useful to detect
unsuspected metastases; PET is also commonly
employed for follow-up after therapy.

Metastasis or Direct Invasion to Colon

Metastasis to the colon is not common; more
common is direct invasion from an adjacent
structure. Thus gynecologic malignancies
invade the rectum, or a hepatocellular carci-
noma invading the adjacent splenic flexure
results in massive bleeding, even to the point of
exsanguination.

In a comparison of CT and MRI in predicting
bladder or rectal invasion in women with
uterine carcinoma, MRI was slightly, but not 
statistically, superior to CT (182); both provided
similar results as rectoscopy.

A long segment of circumferential rectal wall
thickening, having a rectal linitis plastica
appearance, is most often due to metastatic
gastric cancer, but it can be found with other
causes of peritoneal carcinomatosis and rectal
metastasis (183). Obstructions and fistulas are
rare manifestations of lung and breast metas-
tases. A renal cell carcinoma is one cause of a
hypervascular metastasis.

A recurrent bladder or prostatic carcinoma
invading the rectum can simulate a rectal
leiomyoma or result in an annular constricting
lesion.

A malignant colon obstruction, either
primary colonic or extrinsic, most often due to
spread of a gynecologic tumor or peritoneal
seeding, is a difficult management problem.

Most of these tumors are unresectable, but pal-
liation of bowel obstruction is desirable. Pallia-
tion consists, at best, of a proximal colostomy.
An occasional option with a single major
obstruction is metallic stent placement for
decompression if access under fluoroscopic
guidance is feasible. Most such treatable
obstructions are in the rectum and rectosig-
moid, but occasionally a stent can be inserted
through a more proximal obstruction (184).
Many of these patients, however, have wide-
spread metastases, including to the small bowel,
and no viable bypass is feasible.

Rhabdoid Tumor

The rare colonic malignant rhabdoid tumor is
diagnosed by a pathologist detecting rhabdoid
cells. This tumor is more common in the
kidneys. No specific imaging features have been
described.

Neuroendocrine Tumors

Colonic neuroendocrine tumors are uncom-
mon, and some are difficult to place in proper
perspective.An occasional colorectal poorly dif-
ferentiated neuroendocrine carcinoma presents
with widespread liver metastasis.

These tumors range from benign to malig-
nant. Most are solid, intramural tumors, with 
an occasional mesenteric one appearing as an
extraserosal tumor.

Carcinoid

Rectal carcinoids are more common than
colonic ones; a cecal location is most common
in the colon. Synchronous carcinoids occur
occasionally. Similar-appearing rectal carci-
noids have developed in siblings. The malig-
nant potential of rectal carcinoids varies
considerably.

Small rectal carcinoids are palpable on digital
examination as firm nodules. Endoscopy visual-
izes small polyps covered by normal-appearing
mucosa, with either erythema or a central
depression occasionally being found.

Carcinoid syndrome develops mostly in a
setting of metastases, with only an occasional
rectal carcinoid directly responsible for this
syndrome.
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Table 5.5 summarizes the clinical findings
from two studies. Between 1964 and 1988, the
Alberta Cancer Registry compiled 36 malignant
colon carcinoids (excluding ileocecal region and
rectum) (186); average age at diagnosis was 68
years, and at presentation 22% of patients were
already Dukes C and 86% had invaded pericolic
fat. Many malignant carcinoids have already
metastasized at initial presentation, with the
most common metastatic sites being the liver
and lung. In fact, the presence of metastases 
is often the unequivocal finding establishing
malignancy of these tumors. Survival with
colonic carcinoids is lower than with rectal or
appendiceal carcinoids (or even with colon 
adenocarcinomas).

Carcinoids range in appearance from a
simple polyp to an apple-core infiltrating tumor
mimicking an adenocarcinoma. An unusual
barium enema finding in the presence of a 
carcinoid is colon jejunization. Such jejuniza-
tion presumably is secondary to colonic wall
foreshortening induced by the desmoplastic
reaction commonly associated with these
tumors. A carcinoid located in the posterior
rectal wall or adjacent tissues widens the pre-
sacral space.

Transrectal US in patients with rectal carci-
noids reveals increased echogenicity and a 
heterogeneous internal echo pattern in some.
Small rectal carcinoids tend to be hypoechoic.
Pathologically, these findings are associated
with increased fibrotic interstitium around

nodular tumor nests. Transrectal US can also
often reveal depth of invasion and suggest
lymph node metastasis.

I-123-metaiodobenzylguanidine (MIBG)
scintigraphy evaluates metastatic carcinoids.

Some small carcinoids have been resected
endoscopically, although most require surgical
excision, similar to adenocarcinomas.

Other Tumors

Schwannomas, or primary nerve sheath tumors,
originate more often from peripheral nerves
and are rare in the colon. Most are benign. Their
imaging appearance is similar to other stromal
tumors. A cystic component is occasionally
detected.

A rare colonic ganglioneuroma presents as
filiform polyposis.

Neurofibromatosis type 1 (von Reckling-
hausen’s disease) is discussed in Chapter 14.
Gastrointestinal neurofibromatosis is uncom-
mon and is a late manifestation of von 
Recklinghausen’s disease. Only rarely is colonic
neurofibromatosis an initial presentation.

Gastrointestinal neurofibromas range from
solitary, to multiple, to plexiform in appearance.
An occasional colonic plexiform neurofibroma
and neuronal hyperplasia result in disordered
mobility, a megacolon, and proximal bowel 
dilation, similar to other causes of adynamic
ileus. Some manifest through gastrointestinal
bleeding.

Table 5.5. Clinical findings in patients with rectocolic and ileocecal carcinoids

Finding Reference 185 Reference 186

Number of tumors studied 279* 36**

Tumor size:
>2 cm 90% —
Average size — 6 cm

Prevalence of:
Metastases 61% —
Nodal invasion — 22%

Detection of serotonin
Immunohistochemical 67%
Laboratory 69%

Postoperative 5-year survival rate 65% 26%

* Includes 203 patients with colon carcinoids and 76 with ileocecal carcinoids.
** Includes malignant carcinoids only.
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Granular cell myoblastomas are more
common in the esophagus. They are rare in the
colon. Most are single, but occasional reports
describe multiple tumors scattered throughout
the large bowel.

Dilatation
Mechanical Obstruction
The two most common causes of colonic
obstruction in adults, namely colon cancer and
diverticulitis, have already been discussed.
Hernias are covered in Chapter 14. Colon
obstruction in a setting of cystic fibrosis was
covered in a previous section (see Cystic 
Fibrosis).

Primary causes of intestinal obstruction in
elderly patients requiring surgery are an incar-
cerated hernia and colonic neoplasms.

Volvulus

Cecal

Traditionally, cecal volvulus was suggested with
conventional radiography and confirmed either
with a barium enema or colonoscopy. Most
often cecal volvulus is idiopathic (Fig. 5.33),
but occasionally it is induced by a more distal

partial obstruction. Computed tomography
appears to be more accurate than conventional
radiography in suggesting the diagnosis (187),
and although CT is often performed for sus-
pected cecal volvulus, few studies have evaluated
whether it is superior or even equal to a barium
enema (Fig. 5.34).

Figure 5.33. Cecal volvulus. A: Conventional radiograph shows a greatly dilated midabdominal loop of bowel (arrows). B: Barium
enema reveals a characteristic beak sign (arrow) at the site of twist in the right colon.

Figure 5.34. Cecal volvulus. CT identifies a massively dilated
cecum displaced to the left of midline (arrows). Dilated loops 
of small bowel on the right are secondary to small bowel
obstruction. (Courtesy of Patrick Fultz, M.D., University of
Rochester.)

A B



249

COLON AND RECTUM

In distinction to sigmoid volvulus, a success-
ful therapeutic barium enema or colonoscopy is
achieved only in a minority of these patients,
and most undergo surgery.

Sigmoid

Sigmoid volvulus ranges from an acute condi-
tion, often associated with strangulation, to a
chronic setting, with the patient presenting with
a gradual onset or intermittent obstruction. An
immediate concern is to ascertain that this is
indeed idiopathic sigmoid volvulus rather than
a sigmoid or rectal cancer-induced colonic
obstruction. Sigmoid volvulus occasionally
develops during pregnancy and after gyneco-
logic and other abdominal surgery.

Imaging findings of sigmoid volvulus are
familiar to most radiologists (Fig. 5.35). A CT
whirl pattern consists of a twisted, dilated
sigmoid loop and its associated vessels around
the mesocolon. If the transverse colon can be
identified on radiographs (with the patient
supine), a dilated sigmoid colon located cepha-
lad to the transverse colon is an accurate finding
of sigmoid volvulus (188).

The preferred therapy for acute sigmoid
volvulus is decompression either by endoscopy
or barium enema, followed, if indicated, by elec-
tive sigmoid resection. Simple sigmoid decom-
pression does relieve obstruction but volvulus

tends to recur if no resection or fixation is per-
formed. A surgical nonresective procedure 
consists of extraperitonealization of the
sigmoid colon by placing it in the infraumbili-
cal abdominal wall.

Transverse Colon

Transverse colon volvulus is rare. It is more
common in women. Patients with Chilaiditi’s
syndrome appear more prone to developing a
transverse colon volvulus; lax colonic ligaments
predispose to such torsion.

In adults, conventional radiographs are rarely
diagnostic of transverse colon volvulus. Barium
enema findings vary; even a coil-spring appear-
ance mimicking an intussusception has been
reported.

Other

Only rare reports describe splenic flexure volvu-
lus. It occurs in association with systemic scle-
rosis and has developed in patients with a
wandering spleen, generally around the splenic
pedicle. It can be associated with small bowel
obstruction.

Descending colon volvulus can develop in a
setting of an anomalous mesocolon and a
redundant bowel.

Intussusception

In an intussusception, a segment of bowel, the
intussusceptum, invaginates into the lumen of
an adjacent intussuscipiens. Any part of bowel
can intussuscept, although a mobile intraperi-
toneal bowel loop and its associated mesentery
are most often involved. The intussusceptum
usually invaginates distally, although occasional
proximal invagination does occur (for example,
a jejunogastric intussusception after a Billroth
II operation). Intussusceptions range from 
transient to fixed. As discussed below, some are
reduced with pressure.

By its bulk, an intussusception should
obstruct the bowel lumen, although in distinc-
tion to pediatric patients, bowel obstruction is
not a prominent feature of adult intussuscep-
tions. A more serious consequence, especially in
the younger patient, is vascular occlusion of the
intussusceptum, generally venous, and resultant
ischemia.

Figure 5.35. Sigmoid volvulus. A lateral view from a barium
enema identifies a typical twist (arrow), shows barium in a
dilated sigmoid and excludes a carcinoma as etiology for the
obstruction.
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Adults

Intussusceptions in most adults have an
identifiable lead point and range from enteroen-
teric, to ileocolic, to colocolic, to rectal prolapse.
The most common lead point is a cecal adeno-
carcinoma (Fig. 5.36); less common is cecal lym-
phoma or a benign polyp. Rarer lead points 
in adults consist of pseudomembranous colitis,
Meckel’s diverticulum, a rare duplication,
endometrioma (Fig. 5.37), or even calcified cecal
fecaliths. An appendiceal polyp in a patient with
Peutz-Jeghers syndrome acted as a lead point
for intussusception (189). Although most
colonic lipomas are intramural and sessile, they
are prone to becoming pedunculated and act 
as lead points for an intussusception. Not all of
these are at the ileocecal region; a number of
sigmoid lipoma-associated sigmoidorectal
intussusceptions have been reported.

A rectal intussusception is usually a transient
phenomenon occurring during straining, is
idiopathic, and is associated with constipation.
Proctography shows circular infolding of the
rectal wall during straining. The criteria
defining when such infolding is abnormal are
not well established, and minor changes proba-
bly are best considered normal variants, but
solitary rectal ulcer syndrome (discussed later)
is in the differential diagnosis.

Computed tomography and MR detect 
most adult ileocolic intussusceptions but, aside
from a lipoma, identification of a lead point is
difficult. At times even endoscopic biopsy fails
to provide an etiology, and the diagnosis is
established only after a right hemicolectomy.
Computed tomography findings of an intussus-

Figure 5.36. Colocolic intussusception with cecal carcinoma as lead
point. A: Barium enema reveals the intussusceptum in the transverse
colon (arrow). B: With further pressure the intussusceptum is reduced into
the ascending colon.

Figure 5.37. Colocolic intussusception (arrows). The lead 
point was an endometrioma, a highly unusual source for an
intussusception.
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ception consist of a target or sausage-shaped
inhomogeneous soft tissue tumor. The appear-
ance varies depending on the relative orienta-
tion of the x-ray beam and intussusception.
Colocolic intussusceptions caused by a colonic
lipoma can be suggested by US; CT is diagnos-
tic if fat is detected in the lead point, although
the lack of fat in the lead point due to infarction
and necrosis of an intussuscepted tumor does
not exclude a lipoma.

Unenhanced CT has a role if ischemia is 
suspected in adults with an intussusception;
CT findings of a hypodense layer in the intus-
susceptum or surrounding fluid or gas should
suggest vascular compromise (190); lumen
obstruction is not always present in an ischemic
or necrotic intussusception.

Overlying pneumatosis cystoides intesti-
nalis and enteritis cystica profunda are un-
common associated finding of a colocolic 
intussusception.

Magnetic resonance imaging also readily
identifies intussusceptions, with findings
similar to those found with CT. Magnetic reso-
nance imaging reveals concentric bowel rings.

Pediatrics

Clinical

An acute ileocolic intussusception in a young
child is a common emergency. Most intussus-
ceptions occur before the age of 2 years and are
idiopathic in origin. The rare identifiable lead
points, more common in older children, consist
of a Meckel’s diverticulum, polyp, or even a
duplication. Why the reported prevalence of
intussusception is greater in some parts of the
world is puzzling.

The typical clinical presentation and conven-
tional radiographic findings are well known.
Occasionally encountered, however, is an atypi-
cal presentation, for instance, bilious vomiting
due to an ileocolic mass resulting in extrinsic
duodenal obstruction.

One variant is an ileoileocolic intussuscep-
tion. Prereduction findings are similar to those
of an ileocolic intussusception. Once the 
intussusception was reduced to the cecum, air
enemas in nine children with ileoileocolic intus-
susceptions identified the intussusceptum as
two or more separate polypoid components,
in contrast to ileocolic intussusceptums, which

tend to be either smoothly marginated or some-
what lobular in appearance (191).

Sigmoidorectal intussusceptions also occur
in infants and children. In some, the typical clin-
ical presentation of a palpable abdominal mass
and colicky pain is absent. These intussuscep-
tions can be misdiagnosed as simple rectal 
prolapse.

Presumably a surgical consultation has been
obtained and a surgeon has examined the child
prior to attempted intussusception reduction.
The child should be in stable condition, and
both the surgeon and the radiologist should 
be confident that no contraindication exists to 
a therapeutic enema. Contraindications for
reduction include bowel perforation, peritoni-
tis, and hypovolemic shock.

A long-term outcome study in children found
an overall recurrence rate of 9%, with about 
two thirds of children having a single recur-
rence (192); reducibility was 95% for recurrent
intussusceptions, with no perforations. Also,
recurrence did not predict an abnormal lead
point.

Imaging

Although conventional abdominal radiographs
are often obtained first, their value has been
questioned. Even experienced observers often
differ whether in children with clinically sus-
pected intussusception it is indeed present or
absent; the best predictor of intussusception is
a soft tissue mass and decreased large bowel gas
(Fig. 5.38).

In some centers, US is the initial imaging
modality of choice when suspecting an intus-
susception (Fig. 5.39). In experienced hands 
US has a high sensitivity and specificity in
detecting an intussusception and a contrast
enema is then limited to therapy. Viewed in a
transverse section, prereduction US shows an
intussusception as a doughnut or target lesion;
it has a reniform shape (pseudokidney is the
term often used) when viewed in longitudinal
section. Scans close to the lead point of an 
intussusception reveal the intussusceptum as a
hypoechoic central structure; scans away from
the lead point have a hyperechoic crescent
appearance due to mesentery and related vessels
being drawn in by the intussusceptum.
Although such a US appearance should suggest
an intussusception, neither a target nor reni-



form appearance is pathognomonic. Necrotiz-
ing enterocolitis, volvulus, or even stool may
mimic this appearance.

At times, because of obscure symptomatol-
ogy, these patients are studied with CT. Findings
of intussusception are straightforward in most.
Computed tomography reveals an intraluminal
tumor and a target sign–like appearance of
alternating layers of high and low attenuation.
With obstruction, more proximal bowel loops
distend with fluid. Necrosis manifests as
inflammation, loss of tissue planes, and pres-
ence of intraperitoneal fluid.

An extensive ileocolic intussusception 
distorts normal superior mesenteric vessel
anatomy. Thus with the lead point of an intus-
susceptum at the sigmoid colon or distally, the
superior mesenteric vein is located to the left of
the superior mesenteric artery.

Published successful intussusception reduc-
tion rates range between 70% and 85%, with an
occasional report of 90%, regardless of whether
a liquid or air is used. A comparison of differ-
ent contrast agents used is difficult unless the
procedure used is standardized. A major factor
influencing success rates is the intraluminal
pressure achieved rather than any other techni-

cal factor. A barium enema bag at 1-m elevation
produces greater intraluminal pressure than a
typical water-soluble contrast agent or water at
the same height. Pressure during pneumatic
reduction varies considerably.

At times US identifies fluid within an intus-
susception, representing trapped peritoneal
fluid, seen on axial images as an anechoic cres-
cent between the intussusceptum and intussus-
cipiens.

Ultrasonography during reduction of an
ileoileocolic intussusception reveals a complex
frond-like appearance. The intussuscepted
small bowel is also surrounded by cecal fluid.
These intussusceptions are likewise difficult to
reduce.

Contrast Agents

Historically, a barium enema was performed in
the pediatric patient suspected of an intussus-
ception. The study not only established a diag-
nosis but also was therapeutic.

Some radiologists still use barium for reduc-
ing intussusceptions, although teaching and
pediatric hospitals have changed to a pneumatic
technique.
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Figure 5.38. Ileocolic intussusception. A: CT scout view identifies an intussusception (arrow) in a 7–year-old. Burkitt’s lymphoma
was the lead point. (Courtesy of Luann Teschmacher, M.D., University of Rochester.) B: Intussusception in a 10–month-old infant with
pain and palpable right upper quadrant mass. A conventional radiograph reveals a soft-tissue tumor in region of transverse colon
(arrows). A barium enema confirmed intussusception.
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Figure 5.39. Ileocolic intussusception due to large lymph nodes
in a 10–year-old. A: CT detects an intraluminal right colic tumor
(arrows) suggesting an intussusception. The intussusceptum is
seen as a target lesion on a transverse US scan (B) and as an oval
tumor on a longitudinal scan (C).Surgery revealed enlarged nodes
as a lead point but no neoplasm was identified.(Courtesy of Luann
Teschmacher, M.D., University of Rochester.)A
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A pneumatic reduction of intussusception is
safe and successful in most children. Although
fluoroscopy is useful for this procedure and 
is employed by many radiologists, a lead point
is difficult to identify. Thus even with success-
ful reduction, the presence of a tumor lead 
point is not excluded. Still, many radiologists
believe that pneumatic reduction is quicker,
safer, and more effective than hydrostatic 
reduction.

Reduction success rate varies with the dura-
tion of signs and symptoms. Thus success rate
for air reduction was 89% for those sympto-
matic for <12 hours, 83% for those with symp-
toms for 12 to 24 hours, and 74% for those
symptomatic for >24 hours (193). Several trials
of air reduction increase the success rate. A
success rate of 70% with one trial of air reduc-

tion increased to 91% after a policy of up to
three trials was instituted (193).

Some radiologists perform pneumatic reduc-
tion under US control. In patients who under-
went 52 US-guided pneumatic intussusception
reductions, the overall success rate was 92%
(194); a pressure of 60 mm Hg was maintained
for 30 seconds, and if an intussusception failed
to reduce, the procedure was repeated at a pres-
sure of 120 mm Hg. Perforation occurred in two
others. The published data of pneumatic reduc-
tion under US control are difficult to place in the
proper perspective because of the subjective
nature of many of these studies.

In some parts of the world pneumatic reduc-
tion is performed with no imaging, and the
success of reduction is evaluated purely on clin-
ical grounds.



Color Doppler US evaluates whether blood
flow is present in an intussusception. The
success rate for air reduction is significantly
greater in those children with blood flow in 
the intussusception than in those with absent
flow. Lack of Doppler evidence for blood flow,
however, should not be a contraindication to
attempted reduction, and practical applica-
tion of such Doppler study remains to be 
established.

A more recent technique is US-guided intus-
susception reduction using a saline enema or
Hartmann’s solution. The sonographic criteria
of intussusception reduction include an initial
target sign that is later no longer identified,
visualization of the ileocecal valve, and fluid
refluxing into small bowel; this technique has 
a success rate of over 90% in reducing an 
intussusception.

Complications

In some infants only partial intussusception
reduction is achieved. In these infants, instead
of performing immediate laparotomy, in con-
sultation with the surgeon and if the infant is
clinically stable, another attempt at intussuscep-
tion reduction may be appropriate.

The risk of bacteremia during intussuscep-
tion reduction is low.

What are the sequelae of a perforation during
an intussusception reduction? In 14 perfora-
tions (seven using barium and seven air) all
children with barium reduction required 
bowel resection, but only four of the seven with
air required resection (195); in addition, the
anesthesia time was longer and hospital stay
longer in the barium group. Of interest is that
perforations are through necrotic bowel only 
in a minority of these children; presumably
increased pressure plays a major role in these
perforation. In general, all other factors being
equal, the perforation rate is probably similar
regardless whether barium or air is used.

Extrinsic Obstruction

Occasionally a distended bladder compresses
the rectosigmoid against the sacrum and
obstructs on either an acute or chronic basis.
Similarly, some gynecologic tumors compress

the rectosigmoid without invasion. A barium
enema is diagnostic.

A pregnant patient with an ileal pouch–anal
anastomosis presented at 36 weeks’ gestation
with bowel obstruction (196); the obstruction
cleared after delivery.

Obstruction by Gallstones

Gallstone ileus most often obstructs in the
ileum (discussed in Chapter 4). With a chole-
cystoduodenal fistula, if a stone manages to pass
through the ileocecal valve, colonic gallstone
ileus occurs almost always only proximal to a
stricture.

Another scenario of colonic gallstone ileus
occurs if a cholecystocolic fistula develops;
obstruction by the gallstone most often is in the
sigmoid colon. If the obstruction is incomplete,
a barium enema identifies a cholecystocolic
fistula.

Obstruction Due to 
Motility Abnormalities
Pseudo-Obstruction (Ogilvie’s Syndrome)

Etiology

A number of etiologies have been proposed for
acute colonic pseudo-obstruction (Ogilvie’s
syndrome), including an imbalance between
sympathetic inhibitory and parasympathetic
excitatory colonic innervation. It occurs most
often after surgery or trauma (Table 5.6).

254

ADVANCED IMAGING OF THE ABDOMEN

Table 5.6. Conditions associated with Ogilvie’s syndrome

Common
Recent surgery
Recent trauma
Severe medical condition

Uncommon
Postcesarean section
Leukemia
von Recklinghausen’s disease
Multiple endocrine neoplasia (MEN) syndrome type 2
Botulism in infants
Herpes zoster infection
Hypothyroidism
Myotonic dystrophy
Drug therapy

Imipramine
Tocolytic therapy
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Some chronically hospitalized or bedridden
patients have a chronic megacolon or megarec-
tum, generally of idiopathic etiology. Manome-
try in these patients reveals abnormal colonic
tonicity. Histology of resected specimens from
patients with idiopathic megarectum and 
megacolon reveals hypertrophy of muscularis
mucosae and muscularis propria; those with an
idiopathic megarectum tend to have decreased
innervation density of the longitudinal muscle.

Recurrent acute colonic pseudo-obstruction
in a young patient with no evident risk factors
was eventually ascribed to toxoplasmosis 
infection (197); adrenergic bowel denervation
was believed to be caused by toxicity or cross-
reaction between a toxoplasma antigen and the
patient’s immune system.

Imaging

The conventional radiographic appearance of
Ogilvie’s syndrome mimics distal colonic
obstruction. Thus if the diagnosis is in doubt, a
limited barium enema is indicated and should
differentiate between these conditions.

Instead of a barium enema, two additional
conventional radiographs often suffice: a right
lateral decubitus view of the abdomen followed
by a prone lateral view of the pelvis. With these
two additional views gaseous distention of the
rectum can be achieved in most patients with
pseudo-obstruction, while in patients with
mechanical obstruction such distention is not
found.

Although the cecum is generally most dilated
in Ogilvie’s syndrome, occasionally some other
colonic segment is involved. The rectum tends
to be collapsed.

Therapy

Ogilvie’s syndrome has been treated success-
fully with a parasympathomimetic drug such as
neostigmine. The success of such therapy sug-
gests that Ogilvie’s syndrome is a result of exces-
sive parasympathetic suppression rather than
sympathetic overactivity. Colonoscopic decom-
pression has a high success rate, although some
patients required multiple decompressions. A
decompression tube positioned in either the
right colon or transverse colon appears to be
equally successful.

Untreated, Ogilvie’s syndrome has progressed
to perforation and an acute abdomen.

Chagasic

Chagas’ disease is a chronic infection caused 
by the parasite Trypanosoma cruzi, which is
endemic in rural regions of Latin America. A
chronic phase develops several decades after
initial infection, most often manifesting
through cardiac abnormalities. Colonic abnor-
malities consist of decreased motility and 
tonicity, identified as a megacolon. These
patients develop small bowel bacterial over-
growth with resultant complications.

Systemic Sclerosis (Scleroderma)

Colorectal dysfunction is common in patients
with systemic sclerosis. Hypotonia and stasis
develop in some. Constipation is common,
but, paradoxically, incontinence is also not
uncommon.

T1- and T2-weighted SE MRI magnetization
transfer contrast-weighted and dynamic
gadolinium-enhanced images in 11 of 14
patients with scleroderma and fecal inconti-
nence revealed forward deviation of an atro-
phied internal sphincter that had decreased
contrast enhancement (198); for comparison,
patients with incontinence alone showed no
internal sphincter deviation or decreased vas-
cularity but did have significant reduction in
external sphincter mass.

Diverticula
Colonic
Colonic diverticula represent outpouchings in
the bowel wall. In the past, a distinction was
made between true and false diverticula (pseu-
dodiverticula), but common indiscriminate
usage has made any such distinction moot.

Prevalence of colonic diverticula varies con-
siderably throughout the world. Their preva-
lence is increasing in some populations.
Right-sided colonic diverticula are more
common in Asia than in the West.

Occasionally encountered are calcified stones
within a diverticulum. Presumably these stones
form as a result of stasis. Superficially such



right-sided diverticular stones mimic gallblad-
der stones or renal stones.

In rare instances a diverticulum intussuscepts
or inverts into colonic lumen and simulates a
polyp. Some of these patients have undergone
surgery or colonoscopy because the diverticu-
lum could not be distinguished from a polyp.
Some of these inverted diverticula have an
umbilication that represents the en face diver-
ticular opening. Computed tomography of these
inverted diverticula reveal a central contrast
collection within the lumen, presumably within
the diverticulum.

Ultrasonography does not readily identify
colonic diverticula. When seen, diverticulitis
rather than diverticulosis should be suspected.

Rectal
Rectal diverticula are uncommon and, in
general, tend to be larger than the cor-
responding sigmoid ones. These diverticula
tend to be more common in scleroderma
patients.

Giant Diverticula
Giant colonic diverticula are sufficiently rare
that individual reports are still being published.
Most occur in the sigmoid colon. Their etiology

is unknown, although several theories are pos-
tulated: First, a check-valve mechanism in the
diverticular neck allows colonic content to enter
but not exit. Or, a localized diverticular infection
results in an abscess that eventually communi-
cates with colonic lumen. Although less likely,
such a cavity may also represent sequelae of a
communicating duplication cyst. In either case,
some of these cavities enlarge to giant propor-
tions. Histologically, these giant diverticula do
not have a mucosal lining, with the wall con-
sisting mostly of fibrotic tissue, thus suggesting
a contained perforation as their etiology.

Patients range from asymptomatic to those
presenting with bleeding or an acute abdomen.
An occasional giant colonic diverticulum perfo-
rates and results in a pneumoperitoneum.
Other rare complications include an associated
carcinoma, small bowel obstruction, or even
volvulus.

These uncommon lesions can be suspected
with conventional radiography and are diag-
nostic with a barium enema when barium 
flows into the diverticulum, thus establishing 
its colonic communication (Fig. 5.40). Imaging
shows a large gas collection, usually close to the
sigmoid colon. The diverticular wall tends to be
thin and smooth. Horizontal x-ray beam radi-
ographs often reveal a gas-fluid level. The diver-
ticular wall shows no CT contrast enhancement,
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Figure 5.40. Giant sigmoid diverticulum. A: A conventional radiograph identifies a large gas-filled structure (arrows). B: A barium
enema confirms a diverticulum (arrows) and establishes its communication with colon.
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except if surrounding inflammation is present.
Some rare chronic diverticula contain
calcifications within their wall.

A thick-walled cavity or any nodularity
should suggest a necrotic tumor rather than a
giant diverticulum. A communicating duplica-
tion is rare in the sigmoid, usually is on the
mesenteric side, is seen in a younger patient
population, and histology should reveal an
epithelial lining containing all layers of the
colonic wall.

Most giant colonic diverticula are resected.

Evacuation Disorders
Lax pelvic floor muscles and an abnormal pelvic
floor descent are evident in some patients with
evacuation disorders, leading to multiorgan
interrelated abnormalities; these complex pelvic
floor abnormalities, found mostly in women, are
discussed in Chapter 12.

Discussed here are primarily evacuation 
disorders, which in themselves are a diverse 
and complex group of conditions manifesting
mostly by rectal pain and difficulty in evacua-
tion. Rectal incontinence is the other extreme.
The nomenclature for various abnormal
findings is still evolving, and authors often
describe these conditions based on the primary
abnormality detected.

Traditionally, proctography evaluated both
structural and function, although dynamic MRI
is assuming a primary role in evaluating evacu-
ation disorders.

Enterocele
One of the causes of a widened rectovaginal
space is a peritoneocele, defined as herniation of
the posterior-inferior peritoneal space (cul-de-
sac) into a recess between the rectum posteri-
orly and vagina or bladder anteriorly. Any
adjacent intraperitoneal structures can be
involved, although most often small bowel is
involved and is then called an enterocele. Pro-
lapse of redundant sigmoid (sigmoidocele) is
less common. Some of these are capable of
partially obstructing the rectum. A distended
rectum may conceal a peritoneocele and an
enterocele; a radiograph taken with the rectum
collapsed should detect this condition.

An anterior enterocele, or anterior vaginal
wall hernia containing small bowel, develops in
some women who undergo a cystectomy for
intractable interstitial cystitis.

Evacuation proctography is the examination
of choice to detect the more common posterior
enterocele consisting of prolapsed small bowel
interposed between vagina and rectum. Small
bowel and vaginal opacification are needed
during this study. Some enteroceles become
evident only at the end of evacuation or on
postevacuation radiographs. Of interest is that
physical examination detects only half of ente-
roceles found on proctography (199); the
reverse is also true—some enteroceles detected
by physical examination are not identified at
proctography.

Vaginal US is helpful to detect a posterior
enterocele; if one is present, bowel is visualized
in the rectovaginal space, especially when
bearing down. This examination is highly 
sensitive and specific in detecting these 
enteroceles and is an alternative to evacuation
proctography.

Rectocele
Although constipation is common in patients
with a rectocele, in some patients even a large
rectocele is not associated with impaired 
evacuation. Also, placing rectoceles in clinical
perspective can be difficult; constipation is not
always relieved after rectocele repair.

Anterior Rectocele

An anterior rectocele consists of a bulge in the
anterior wall of the rectum during straining.
Although a mild bulge is a normal finding, a
typical definition is that the bulge should be 
>2 cm in extent to be considered a rectocele.
Most rectoceles are reduced at rest. They are
more common in women, probably due to a
weakness of the rectovaginal septum.

Some investigators subdivide anterior recto-
celes into two groups: distention and displace-
ment. Manometry in patients with each type
revealed a significantly higher anal pressure and
a more impaired rectoanal inhibitory reflex in
the distention group than in controls or the
other group (200); patients in the displacement
group have a lower anal pressure, and proctog-



raphy at rest and during evacuation show a
significantly higher anorectal angle and a more
abnormal pelvic floor descent than in the dis-
tention group or in controls. Overall, distention
rectoceles have pelvic floor dyssynergia, while
displacement rectoceles show a descent in the
pelvic floor.

Currently a suspected rectocele or sigmoido-
cele is most often studied with evacuation proc-
tography. Whether a rectocele is detected or not
is mostly independent of contrast agent viscos-
ity. Pelvic MRI, including MR proctography,
often provides additional information. Proctog-
raphy detects most rectoceles, although a
majority are also detected on physical examina-
tion (201); whether barium is trapped in a rec-
tocele depends mostly on its size.

A rectocele tends to bulge only during strain-
ing. Among patients with rectocele shown by
proctography, 60% also had paradoxical anal
sphincter relaxation (202).

In addition to enteroceles and rectoceles,
widening of the rectovaginal space on straining
is occasionally due to a peritoneocele. Sig-
moidoceles are uncommon.

Posterior Rectocele

Posterior rectal outpouchings include posterior
rectoceles and ischiorectal hernias. Posterior 
or perineal rectoceles are outpouchings of
the lower posterior rectal wall through a levator
ani muscle defect, usually present only during
straining. An ischiorectal hernia is seen as a
posterolateral outpouching; these are present at
rest.

Posterior rectal herniation also develops after
resection of sacral tumors, such as a chordoma.

Rectal Prolapse/Solitary Rectal 
Ulcer Syndrome
Clinical

Abnormal puborectalis muscle contraction and
rectal wall prolapse or intussusception are 
often implicated in the pathogenesis of solitary
rectal ulcer syndrome, a benign condition found
mostly in adults. Prolapse ranges from internal
to external; the term intussusception is appro-
priate if it is circumferential. Complete rectal
prolapse is a clinical diagnosis and generally
needs surgical correction. Whether this 

condition is one syndrome or encompasses a
number of disorders is conjecture. Diffuse
pelvic floor weakness involving genitourinary
structures is found in some women. Chronic
constipation, evacuation abnormalities, and
rectal prolapse are typical presentations. Con-
fusing the issue, some authors find rectal bleed-
ing to be common, but others believe it is an
uncommon finding.

Pressure necrosis and mucosal injury during
rectal prolapse and intermittent intussusception
appear to play a role, although the pathophysi-
ology is probably multifactorial. Typical
histopathologic findings consist of focal
mucosal distortion, muscularis mucosa pro-
liferation, and obliteration of lamina propria.
An ulcer, accompanied by granulation tissue, is
usually located anterior in the rectum but at
times extends circumferentially.

Sigmoidoscopy is generally noncontributory
in these patients, aside from providing a biopsy
and excluding other abnormalities. In some
patients manometry reveals decreased external
sphincter tone during straining, a nonspecific
finding.

Biopsy in patients believed to suffer from
solitary rectal ulcer syndrome revealed a soli-
tary ulcer in 78%, multiple ulcers in 11%, gran-
ular proctitis in 7%, and rectal inflammation in
4% (203); although voiding proctography
missed some ulcers, it identified rectal intussus-
ception in 41%, rectoanal intussusception in
26%, external rectal prolapse in 22%, and
mucosal prolapse in 30%. Only one patient had
a rectocele. In a majority of patients videoproc-
tography showed that the ulcer wall was first to
invaginate.

Solitary rectal ulcer syndrome and an
inflammatory cloacogenic polyp have similar
histopathologic findings; both are located ante-
rior in the rectum and both tend to be associ-
ated with rectal prolapse.

Previous therapy for intractable symptoms
included rectocolic resection, a procedure rarely
performed today. After elastic binding for rectal
mucosal prolapse, follow-up voiding proctogra-
phy revealed prolapse remission in most
patients.

Imaging

A double-contrast barium enema, with empha-
sis on the anterior rectal wall, is useful to detect
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an ulcer and the sequelae of inflammation, but
an evacuation study is necessary to evaluate
functional abnormalities. Imaging is also often
requested prior to surgical repair to evaluate the
rest of the large bowel.

In spite of its name, solitary rectal ulcer syn-
drome does not always present with an ulcer,
nor is it always solitary. A common imaging
appearance is that of nodularity or an anterior
rectal wall irregular polyp. Similar findings are

seen with an inflammatory cloacogenic polyp;
some mimic a rectal adenocarcinoma.

Voiding videoproctography is the imaging
modality of choice for suspected rectal pro-
lapse. Prolapse originates in the midrectum as
an intussusception varying in length. Proctog-
raphy reveals rectal mucosal prolapse as a soft
tissue bulge into the rectal lumen, more evident
during straining and evacuation than during
rest (Fig. 5.41). Mucosal prolapse is more

Figure 5.41. Rectal prolapse. A: Initial lateral view is unremarkable. B: Prolapse becomes evident with early straining. Further strain-
ing reveals marked prolapse (C, cursor), also identified on a frontal view (D). (Courtesy of Arunas Gasparaitis, M.D., University of
Chicago.)
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common than intussusception (204). Associated
other abnormalities are common and include
rectocele, perineal descent syndrome, puborec-
talis muscle syndrome, and levator ani diastasis,
the latter identified with dynamic CT.

At times endorectal US is helpful. Ultra-
sonography reveals an inhomogeneous and
thickened submucosa in the internal and exter-
nal sphincter regions; the ratio of external to
internal anal sphincter thickness is reduced in
these patients and muscle hypertrophy
identified by US appears useful in some in sug-
gesting the diagnosis.

Puborectalis Syndrome
Puborectalis syndrome is used to describe
incomplete relaxation or paradoxical contrac-
tion of the puborectalis muscle during evacua-
tion, often with resultant outlet obstruction. At
times an isolated finding, it is one of a spectrum
of abnormalities detected in constipated
patients. The term pelvic floor dyssynergy is
used by some to encompass a more complex set
of findings.

Primary symptom of puborectalis syndrome
consists of incomplete or intermittent evacua-
tion. Voiding proctography reveals an abnormal
puborectalis muscle impression along the pos-
terior rectal wall, a reduced change in anorectal
angle during straining, and prolonged barium
pooling in the rectal ampulla; manometry
detects an increase in external anal sphincter
pressure under straining in about two thirds of
these patients (Fig. 5.42). Some patients also
have associated rectal mucosal prolapse and a
rectocele.

Anismus/Incontinence
Whether anismus and puborectalis syndrome
are the same entity is conjecture. Many authors
discuss them together. Some patients with func-
tional outlet obstruction have a megarectum,
rectocele, rectal intussusception, mucosal pro-
lapse, or abnormal perineal descent. Reduced
change in anorectal angle between rest and
evacuation is used by some as a criterion for
defining functional outlet obstruction.
Although the anorectal angle does change
during straining and voiding (and viscosity of
the contrast medium used influences the

results), the importance of a particular amount
of change is questionable. Anorectal angle
measurements provide conflicting data, with
some studies revealing no significant difference
between patients with anismus and controls and
others concluding that in most patients with
incontinence the anorectal angle is increased at
rest.

One study found that 90% of patients 
with impaired proctographic evacuation had
anismus at subsequent anorectal physiologic
testing (205).

Endoanal US identifies anal sphincter defects
in approximately two thirds of incontinent
patients (206); these findings are difficult to
place in the proper perspective because in this
same study the prevalence of anal sphincter
defects in continent patients was 43%.
Endovaginal US appears to be as reliable as
endoanal US in evaluating the anal sphincter
but endovaginal US is more accurate for peri-
anal inflammatory disease (207).

Whether endoanal US or MR is superior is
not clear. A retrospective study in women with
fecal incontinence concluded that in detecting
external and internal sphincter lesions
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Figure 5.42. Nonrelaxing puborectalis muscle (arrow). This is a
contributing factor in solitary rectal ulcer syndrome. (Courtesy
of Arunas Gasparaitis, M.D., University of Chicago.)
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endoanal MRI agreed better with subsequent
surgical findings than did endoanal US (208);
endoanal US was not accurate in identifying
external sphincter thinning, a finding
confirmed in another study (209). Yet another
study found not only endoanal US and MRI to
be equivalent in detecting external anal sphinc-
ter defects, but also US was superior for internal
anal sphincter defects (210).

Often a combination of studies is helpful in
these patients. As one example, proctography in
38 patients with incontinence identified rectal
mucosal prolapse (n = 12), rectocele (n = 10),
perineal descent syndrome (n = 8), and external
rectal prolapse (n = 3); endoanal US identified
15 sphincter ring interruptions (12 hypoechoic,
two mixed, and one hyperechoic) and internal
anal sphincter thinning in five; perineography
revealed a cystocele in five and a cystourethro-
cele in one; and manometry showed sphincter
hypotonia at rest in 15 (211). Placing these
findings in a proper perspective, however, is
often challenging.

A separate group of patients with fecal incon-
tinence consists of those with congenital anom-
alies, such as spina bifida. Some of these often
young patients are successfully treated with per-
cutaneous cecostomy tube placement, a proce-
dure having few complications.

Perforation
Some of conditions associated with colonic per-
foration are listed in Table 5.7. Among common
etiologies for colonic perforation, patients with
a perforating carcinoma have a high mortality.
An unusual cause is due to paclitaxel therapy;
these perforations appear to be a direct drug
effect causing mitotic arrest of the gastroin-
testinal epithelium. The prevalence of such per-
foration is not known, although it is associated
with a high mortality rate.

Ehlers-Danlos syndrome type IV consists of
an inherited collagen disorder. The syndrome
can be confirmed by culture of skin fibroblasts.
These patients have a defect in either the syn-
thesis or structure of type III procollagen and
are prone to spontaneous aortic, small bowel,
and colonic rupture. Recurrent colon perfora-
tions develop in patients with this syndrome.

A number of reports describe colonic perfo-
ration by an ingested sharp bone or toothpick,

generally in the sigmoid colon. Among ingested
bones, chicken bones seem to predominate.

Spontaneous rectal perforation is rare; one
unusual rectal rupture led to small intestine
evisceration through the anus (212).

In distinction to upper gastrointestinal per-
foration from peptic ulcer disease, which tends
to result in small amounts of intraperitoneal
gas, colonic perforations more often lead to a
large pneumoperitoneum. Exceptions, however,
are common. Also, some colonic perforations
manifest with an abscess rather than pneu-
moperitoneum.

Nonspecific Ulcer
Grouped under this heading are those colonic
ulcerations believed not to be associated with
other diseases. Some of these ulcers presumably
are ischemic in etiology. Few publications exist
on this topic.

Table 5.7. Conditions associated with colonic perforation

Mechanical obstruction (obstructive ileus)
Neoplasm
Benign stricture/obstruction
Volvulus
Herniation
Intussusception
Fecal impaction

Adynamic ileus
Inflammation/infection
Ogilvie’s syndrome
Toxic megacolon
Necrotizing enterocolitis
Typhlitis

Ischemic ileus

Severe malacoplakia

Instrumentation
Endoscopy
Barium enema
Biopsy

Foreign body
Toothpick
Other sharp objects

Drug therapy

Ehlers-Danlos syndrome



Fistula
Diagnostic modalities to evaluate fistulas
include fistulography for cutaneous fistulas, CT,
MRI using an endorectal coil, and proctosig-
moidoscopy, with endorectal US having a major
role in perirectal fistulas. Nevertheless, MRI has
gradually achieved preeminence.

At times a two-part CT study is found 
advantageous when searching internal com-
munication for cutaneous fistulas; first, con-
ventional CT is obtained after filling the
appropriate bowel with contrast, followed by
concentrated contrast injection into any visible
fistulas and rescanning using wide window 
settings.

Colonoscopy is insensitive in identifying
colonic fistulas.

Perianal Fistulas
Perianal fistulas are either anovaginal, associ-
ated with Crohn’s disease, or cryptoglandular in
origin. Most perianal infections originate in
intersphincteric anal glands located close to the
dentate line and spread from there. The Parks
classification of perianal fistulas is based on 
a fistula track relationship to anorectal muscu-
lature and consists of four main types: (1)
superficial or low, (2) intersphincteric, (3)
transsphincteric, and (4) suprasphincteric or
high fistula. A horseshoe fistula extends 
circumferentially.

Almost all external sinus tracts and fistulas
located close to the posterior midline are asso-
ciated with a simple superficial or intersphinc-
teric fistula; on the other hand anterior and
posterolateral external sinus tracts and fistulas
tend to be complex and often extend
transsphincteric or are suprasphincteric in their
course. These fistulas must be differentiated
from necrotic tumors, infections such as actin-
omycosis, pilonidal cysts, and similar disorders.
Any associated abscesses also need be identified
by imaging.

What are the relative roles of US and MRI? No
obvious answers have emerged, although
current evidence suggests that, overall, MR is
superior to US; also, MR is the more active
current research front.

Fistulography is traditionally used to study
sinuses and external fistulas. Few studies have

compared US and MR against fistulography,
preferring to use surgical findings as their gold
standard. Yet the reliability of surgery as a stan-
dard has been questioned; using long-term
patient outcome as a gold standard, preopera-
tive contrast-enhanced MR grading achieves
higher sensitivity and specificity than surgical
exploration in predicting patient outcome
(213); in this study surgery was performed
without knowledge of MR findings, and
outcome was considered unsatisfactory if addi-
tional surgery was necessary.

Is endoanal US superior to a transperineal US
approach? Some patients cannot tolerate anal
coil insertion. In some patients, such as those
with Crohn’s disease, fistulas tend to extend
beyond the field of view of an endoanal coil.
Gray-scale US identifies fistulas as a thin 
hypoechoic line. Endocavitary US is more 
sensitive in detecting intersphincteric than
transsphincteric fistulas (214). Overall, however,
transperineal US in men and both endovaginal
and transperineal US in women appear prefer-
able to endoanal US when evaluating perianal
inflammation. Hydrogen peroxide introduced
into the fistula tract through the external
opening appears of limited additional value
except in assessing an internal opening (215).

Although some studies concluded that
endorectal US detects more fistulas than MRI, a
prospective study of MRI [1.0-T axial and
coronal T2-weighted turbo spin echo (TSE) and
turbo-STIR sequences] and US (10-mHz rotat-
ing endoanal probe) of patients with perianal
fistulas achieved an 84% sensitivity for MRI and
60% for US, and specificities of 68% and 21%,
respectively, in detecting and classifying these
fistulas (216).

An MR endoanal coil was superior to a pelvic
phased array coil in evaluating most fistulas, the
exception being supralevator fistulas and in
evaluating subcutaneous extensions where a
phased array was superior (217); sagittal and
coronal plane images are very helpful. MR using
rectal contrast identifies more pelvic and
perirectal fistulas than precontrast imaging.

As an example of the optimistic results
achievable with MR, high-spatial-resolution
MRI using a quadrature phased-array coil
reached 100% sensitivity and 86% specificity for
detecting fistulous tracks; 96% and 97%, respec-
tively, for associated abscesses, 100% and 100%,
respectively, for horseshoe fistulas, and 96% and
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90%, respectively, for internal openings (218).
Even when using a low field (0.1-T) MR unit,
results have agreed with the final diagnosis in
over 95% (219). Nevertheless, some MR studies
are more pessimistic when evaluating the site
and extent of a fistula; for instance, in patients
with subsequently confirmed fistula-in-ano,
MRI detected only 42% to 50%, depending on
the radiologist’s experience (220).

Genitourinary Tract Fistulas
Renocolic Fistula

Renocolic fistulas are usually secondary to renal
inflammation or neoplasms. An occasional
patient with xanthogranulomatous pyelone-
phritis and ureteric obstruction develops a
renocolic fistula. An antegrade or retrograde
pyelogram should identify these fistulas. Com-
puted tomography usually reveals a complex
air-fluid collection within either the kidney or
the adjacent soft tissues.

Urethrorectal Fistula

Rare urethrorectal fistulas consist of fistulas
communicating between the prostate or bul-
bomembranous urethra and rectum. Trauma
from missiles is a not uncommon cause of
these fistulas. A number of these patients have
had prior surgery or complex anoperineal 
suppuration.

Detection of urethrorectal fistulas is straight-
forward, either via a urethrogram or a contrast
enema.

Some of these fistulas close spontaneously
after a more proximal-sigmoid colostomy and
suprapubic cystostomy; others require surgical
correction.

Colorectal Vesical Fistula

Most enterovesical fistulas are secondary to
inflammatory bowel disease or diverticulitis,
with an occasional one originating from a colon
carcinoma, bladder carcinoma, or other 
neoplasms. Pneumaturia is common but not
universal in patients with a colovesical fistula.At
times cystitis is the primary presentation.

Most colovesical fistulas can be identified by
barium enema, cystography, or cystoscopy. In
some patients a one-way check valve mecha-

nism presumably exists, and in any one patient
not all three studies identify a fistula.

Rectovaginal Fistula

Most rectovaginal fistulas are secondary to birth
trauma, gynecologic surgery, or pelvic radia-
tion. A rare cause is pelvic amebiasis or actino-
mycosis. Diverticulitis predominates as a cause
of colovaginal fistulas.

Either a barium enema or vaginogram
identifies these fistulas (Fig. 5.43). Pelvic MRI is
useful to define involved tissue planes. T2-
weighted images identify rectovaginal fistulas as
hyperintense linear defects. Most internal
opening can be identified.

A nitinol-silicone double-disc device was
inserted transrectally into a rectovaginal fistula
and the fistula occluded (221). Such an 
occluding device appears useful in a setting of
tumor, pelvic radiation, and reluctance for
repeat surgery in someone with limited life
expectancy.

Other Fistulas
Some iatrogenic gastrocolic fistulas are created
due to inadvertent transverse colon puncture
during percutaneous gastrostomy. An occa-

Figure 5.43. Rectovaginal fistula (arrow) secondary to lym-
phomatous infiltration.



sional duodenocolic fistula is secondary to
colonic Crohn’s disease or a neoplasm. A peptic
ulcer–induced fistula to the colon is rare. Most
cholecystocolic fistulas are secondary to chole-
cystolithiasis. Resulting inflammation and
fibrosis, generally involving the hepatic flexure
or proximal transverse colon, mimics the
barium enema appearance of a primary colon
adenocarcinoma.

One complication of interleukin-2 therapy is
bowel perforation.

Pneumatosis Coli
Pneumatosis cystoides intestinalis is discussed
in more detail in Chapter 4.

Pneumatosis coli represents pneumatosis
cystoides intestinalis limited primarily to the
colon. Similar to small bowel, pneumatosis coli
can be subdivided into ischemic and non-
ischemic (benign) causes. It is characterized 
by multiple gas-filled cysts within bowel wall.
Pneumatosis most often affects the left colon; a
redundant sigmoid colon is a common ancillary
finding. An occasional colonic intussusception
is associated with pneumatosis cystoides
intestinalis.

Pneumatosis coli is readily diagnosed with
conventional radiography. A barium enema or
CT confirms the intramural location for these
gas collections. Endosonography reveals hyper-
echoic collections with acoustical shadowing.

Body Packer
Smuggling of cocaine or heroin concealed in the
gastrointestinal tract is not new. The drugs are
typically wrapped in cellophane or condoms
and swallowed. In general, rupture of a single
package is above the toxic dose and is fatal. At
times these packages also obstruct the bowel.
Most of these “mules” are treated conservatively,
although an occasional one requires surgery.

Both US and conventional abdominal 
radiographs readily detect swallowed drug
packages. Conventional radiographs and CT
identify cannabis and cocaine packages as well-
marginated, rectangular, high-density struc-
tures surrounded by a gas halo, called the double
condom sign; heroin packages are seen as poorly
outlined structures resembling stool and are

difficult to identify on conventional radi-
ographs. Ultrasonography of cannabis packages
reveals round hyperechoic structures.

Vascular Lesions (Bleeding)
Discussed here are those entities manifesting
primarily by bleeding. Ischemic colitis has been
discussed in a previous section.

The etiologies of rectal bleeding in adults are
wide-ranging (Table 5.8) and differ between
pediatric patients and adults; in pediatrics it is
worthwhile to consider causes of rectal bleeding
by age (Table 5.9).

Detection
Contrast-enhanced CT is at times worth-while
in a patient with suspected lower gastrointesti-
nal bleeding. Contrast extravasation is obvi-
ously diagnostic, but  bowel wall contrast-
enhancement or presence of a focal lesion also
point towards a bleeding site.

Technetium-99m–red blood cell scintigraphy
is often employed as a screening examination
for patients with suspected colonic bleeding.
Should a nuclear medicine bleeding scan be
obtained and mesenteric arteriography per-
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Table 5.8. Etiologies of rectal bleeding in adults

Colonic
Diverticulosis
Inflammatory bowel disease
Ischemic colitis
Infectious colitis
Neoplasms
Hemorrhoids
Angiodysplasia/arteriovenous malformations
Portal hypertension—colonic varices

Small bowel
Inflammatory bowel disease
Angiodysplasia/arteriovenous malformations
Diverticular causes
Meckel’s diverticulum related
Neoplasms

Proximal to ligament of Treitz
Peptic ulcer disease
Angiodysplasia/arteriovenous malformations
Dieulafoy lesions
Portal hypertension—gastroesophageal varices
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Table 5.9. Rectal bleeding in pediatric patients

Age Common etiology Less common etiology

Neonate (0–30 days) Anal fissure Infectious enteritis
Necrotizing enterocolitis Midgut volvulus
Allergic colitis

Infant (30 days–1 year) Intussusception Meckel’s diverticulum
Anal fissure Infectious enteritis
Allergic colitis Polyp

Henoch-Schönlein purpura

Child and adolescent Meckel’s diverticulum Henoch-Schönlein purpura
Polyp Vascular malformation
Anal fissure Coagulopathy
Infectious enteritis Hemolytic-uremic syndrome
Inflammatory bowel disease

formed only if the scan is positive? The primary
purpose of such a policy is to increase the per-
centage of positive arteriograms, yet one retro-
spective study concluded that a prior positive
bleeding scan did not increase the odds of
obtaining a positive angiogram (222), a finding
at odds with a number of other studies. Thus
arteriography in patients with suspected acute
gastrointestinal bleeding detected bleeding in
22% of studies, but after instituting a protocol
requiring positive scintigraphy before perform-
ing arteriography, the positive arteriography
rate increased to 53% (223).

In patients with suspected acute lower gas-
trointestinal bleeding, Tc-99m–red blood cell
scintigraphy achieves >80% sensitivity in
detecting bleeding and in those with positive
scan localizes a bleeding site in about 70%.

Colonoscopy can potentially identify a
colonic bleeding site. A practical limitation
exists if blood and blood clots obscure adequate
visualization. Also, complete colonoscopy is
necessary because in up to one third of patients
a bleeding site is in the cecal region.

Therapy
After mesenteric angiography identifies a bleed-
ing site, immediate therapeutic options include
arterial embolization and infusion of vaso-
pressin. Arterial embolization is viable therapy
for most acute lower gastrointestinal bleeding.
The clinical success of embolization, judged by
no rebleeding, is achieved in about 90% of

patients. Even hemorrhage from a large vessel
can be arrested. Postembolization ischemia is
rarely an issue with this technique.

One refinement is superselective microcoil
embolization, with embolization performed at
the vasa recta or the marginal artery of Drum-
mond level. In one study, bleeding was arrested
on a long-term basis in over 80% of patients
(224). Hemostasis can be expected in all except
those with a dual blood supply to the bleeding
site, yet even in the latter significant reduction
of bleeding is achieved. Occasional bowel
ischemia, rebleeding, and even infarction are
recognized complications of this procedure. At
times superselective embolization includes a
combination of coils, polyvinyl alcohol, and
gelatin sponge particles.

Diverticular Bleeding
A typical diverticular bleed tends to be massive
and arterial, and it stops spontaneously. Often
little other evidence of diverticulitis is present.
Past teaching was that bleeding is due to erosion
of a small artery overlying the diverticulum, but
whether such erosions differ from a Dieulafoy
lesion is not clear.

Right-sided diverticulosis tends to present
with massive rectal bleeding more often than
left-sided disease, yet in general, cecal bleeding
is more difficult to control than more distant
bleeding.

In patients without definitive therapy, recur-
rent hemorrhage occurs in about 10% at 1 year.



Angiodysplasia
Among a healthy, asymptomatic population
prevalence of angiodysplasia is <1%. These
ectatic veins, venules, and capillaries probably
develop secondary to local degeneration, espe-
cially with aging. A deficiency of collagen type
IV is found in mucosal vessels in angiodyspla-
sia. They occur in both the small and large
bowel. Most, however, are smaller than 10 mm
and are located in the right colon. They range
from single to multiple. Most manifest in the
elderly, although angiodysplastic hemorrhage
does occur in young patients. Earlier reports
suggested an association between angiodyspla-
sia and aortic stenosis, but more recent studies
do not confirm such a link.

Unusual associations of rectal and sigmoid
colon angiodysplasia-like lesions include a 12-
year-old boy with Klippel-Trenaunay-Weber
syndrome who developed hematochezia (225).
The presence of colon angiodysplasia, small
bowel lymphoma, and duodenal carcinoid in the
same patient suggests a more than fortuitous
association (226).

Bleeding ranges from iron-deficiency anemia
to a life-threatening acute hemorrhage.

Angiodysplasia is not detected by barium
enema. Angiography and colonoscopy detect
only some of these flat lesions. Most angiodys-
plasias are intramucosal in location, although
an occasional one is deeper and thus not visible.
If bleeding, scintigraphy is an appropriate first
imaging modality employed.

If colonoscopy detects an incidental
angiodysplasia in an otherwise asymptomatic
individual, therapy probably is not necessary.

Selective mesenteric angiography reveals a
tuft of abnormal vessels and an early filling vein.
Superselective arterial embolization is common
therapy to arrest acute bleeding from angiodys-
plasias. In some patients, estrogen-progesterone
combination therapy has been successful in 
preventing rebleeding from angiodysplasias
(227).

Arteriovenous Malformation
Most arteriovenous malformations are intra-
mural in location. An occasional one has a poly-
poid appearance. Except for very small ones,

they are detected with contrast-enhanced
imaging.

Varices
Most colonic varices are associated with portal
hypertension. Why only some patients develop
colonic varices is not clear, although the pre-
valence of these varices increases in those 
who have had prior transection and devas-
cularization of esophageal varices, esophageal
sclerotherapy, or thrombosis of coronary 
and azygous drainage veins. Congenital colon
varices are rare; in the absence of portal hyper-
tension resection of such varices is curative.
Varices have developed secondary to mesenteric
venous obstruction and, rarely, with splenic vein
thrombosis. Also rare are idiopathic colonic and
mesenteric varices.

Bleeding from colorectal varices can be
massive; portal hypertension needs to be
excluded in these patients.

Colonic and perirectal varices can be diag-
nosed with contrast-enhanced CT. What is sur-
prising is that in some patients with portal
hypertension, CT detects some pararectal
varices not visualized by colonoscopy and 
vice versa; the inferior mesenteric vein is
significantly larger in patients with rectal
varices than in those without.

Portal Hypertensive Colopathy
Vascular ectasia-like lesions in the colon, called
portal hypertensive colopathy, develop in some
patients with portal hypertension. These lesions
consist of numerous irregular vessels having a
hyperemic “cherry-spot” appearance.

About one third of patients with severe 
cirrhosis have colonic wall thickening, pre-
dominantly in the right colon (228); most
patients do not have symptoms referable to the
colon, and these changes presumably are related
to underlying portal hypertension. Clinically
these patients range from asymptomatic, to
recurrent rectal bleeding, to episodes of massive
hemorrhage.

Transjugular intrahepatic portosystemic
shunting (TIPS) does control bleeding from
portal hypertensive colopathy and, in fact,
the ectasia-like colonic lesions tend to disap-
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pear. Colopathy is also corrected after liver
transplantation and correction of portal
hypertension.

Juvenile Polyps
Juvenile polyps persist into adulthood. Occa-
sionally such a juvenile polyp first manifests by
a massive lower gastrointestinal bleed.

Dieulafoy Lesion
A small gastric mucosal defect associated with
a bleeding submucosal artery is called a Dieu-
lafoy lesion (these lesions are discussed in more
detail in Chapter 2). Since their initial detection
in the stomach, similar lesions have been found
in the small bowel and colon. They appear to be
more common in the proximal colon. They
develop in both adults and children. Dieulafoy
lesions occur in diverticula, where their differ-
entiation, if any, from a typical diverticular
bleed is problematic.

Dieulafoy bleeding is often massive but inter-
mittent. Similar to gastric Dieulafoy lesions,
colonoscopic sclerotherapy has successfully
arrested bleeding. Selective mesenteric angiog-
raphy differentiates Dieulafoy lesions from
angiodysplasias—the former consists of a small
bleeding artery.

Immunosuppression (AIDS)
In patients with human immunodeficiency
virus infection, superimposed opportunistic
infections are common. Yet not all symptoms
and lesions are due to infection; some are neo-
plastic and others idiopathic.

Infection
Colonic histoplasmosis is not uncommon in
patients with AIDS, with the most common site
being the ileocecal region. Clinically, some
patients develop a palpable tumor, and imaging
reveals an annular constricting lesion. At times
more diffuse involvement mimics ulcerative
colitis. Colonoscopy in one patient revealed
volcano-like ulcers and tumors; CT identified
both a colon tumor and hypodense adenopathy
(229); histology and biopsy cultures and lymph

node aspirate revealed Histoplasma capsulatum,
but the patient eventually developed bowel
obstruction and peritonitis. At times Gomori
staining of colon biopsies aids in establishing
this diagnosis.

Patients with AIDS are prone to C. difficile
infection. Among other predisposing factors in
this population is the common use of antibi-
otics; clinically, symptoms of C. difficile infec-
tion in AIDS patients tend to be more severe
than in non-AIDS patients.

Cytomegalovirus colitis is common in this
patient population and manifests as ulcers and
submucosal hemorrhage, with these ulcers
ranging from aphthous to relatively deep 
cavities surrounded by inflammation and
edema. These findings are similar to those seen
in pseudomembranous colitis. In some, cyto-
megalovirus infection results in a focal colonic
tumor. Cytomegalovirus is diagnosed by finding
viral inclusion bodies in colon biopsies. These
inclusions are more common in cecal biopsies
rather than more distally; therefore, complete
colonoscopy is necessary.

Similar to other patients, AIDS patients
develop pseudomembranous colitis when
treated for an infection.

It should be kept in mind that AIDS patients
also develop appendicitis.

Neoplasm
Although not common, HIV infection appears
to play a role in colorectal cancer development.
These patients are at risk for anal squamous and
cloacogenic carcinomas.

An occasional rectal Kaposi’s sarcoma is suc-
cessfully treated with radiation therapy.

Complications of non-Hodgkin’s lymphoma
in these patients include duodenocolic fistula
and intussusception.

Other
Some AIDS patients develop pneumatosis coli.
Usually a late finding, in most patients, it is
benign and clears spontaneously. The right
colon is involved more often than the left. Occa-
sionally pneumatosis coli is associated either
with intraperitoneal or retroperitoneal gas and
suggests a perforation, although bowel perfora-
tion is not detected.



Prevalence of intussusception is increased in
patients with AIDS-associated gastrointestinal
disease. Crampy, intermittent abdominal pain is
a typical presentation. Either CT or a barium
enema is diagnostic.

A colitis mimicking ulcerative colitis can
develop in an occasional AIDS patient with a
low CD4 T-cell count.

Examination and 
Surgical Complications
Barium Enema
A retrospective study of over 700,000 barium
enemas performed between 1992 and 1994 in
the United Kingdom found an overall mortality
rate of one in 56,786 (230); only three of 30
(10%) patients with bowel perforation died,
compared with nine deaths among 16 (56%)
patients with cardiac arrhythmia. One death
was related to vaginal intubation.

In a setting of incomplete or failed sigmoi-
doscopy or colonoscopy, a double-contrast
barium enema can be performed the same day
if no biopsy or only a superficial biopsy (using
small biopsy forceps) is obtained; the risk of
perforation increases if biopsies are taken from
diseased mucosa. A barium enema should be
postponed, however, for at least 14 days if a deep
biopsy is obtained. A similar delay in perform-
ing barium enema also appears warranted if a
polypectomy is performed.

Focal barium extravasation, either intramural
or extrinsic to bowel, results in an exuberant
fibrotic reaction around barium sulfate crystals.
An experimental study in rats concluded that
any effect of barium sulfate on gastrointestinal
tract transmural wound healing is minimal
(231). At times prior focal extravasation is
unsuspected; thus in one patient a tumor in the
gallbladder fossa was believed to represent an
advanced gallbladder cancer, but resection
revealed foreign-body barium granulomas
(232).

Venous barium embolization during a
barium enema is a rare but highly lethal com-
plication. Embolization can be either into sys-
temic veins (usually from a rectal perforation)
or into portal venous system.

Barium inspissation after a barium enema is
rare. In most reports it is due to underlying con-
stipation, poor radiographic technique resulting
in the overfilling of a dilated, hypotonic colon,
or the lack of post-enema hydration.

Colonoscopy
Colonoscopic complications consist of bleeding,
sepsis, perforation, and transmural burn in-
juries, with the onset of symptoms occurring an
average of 30 hours after colonoscopy. Bleeding
is managed conservatively in approximately
three quarters of these patients.

Disinfection Related

Colonoscopic cleansing is typically achieved
with glutaraldehyde or hydrogen peroxide. Both
agents produce tissue necrosis. Bloody diarrhea
develops within a day or so after these agents
contact colonic mucosa, mimicking ischemic 
or infectious colitis. Imaging in patients with
glutaraldehyde-induced colitis reveals circum-
ferential left-sided colonic wall thickening 
and heterogeneous wall contrast-enhancement;
these findings resolve on follow-up. Ultrasonog-
raphy also identifies colonic wall thickening,
consisting of hypoechoic mucosa and hypere-
choic submucosa.

An unusual colitis due to hydrogen peroxide
developed while colonoscopy was still being
performed; it consisted of opaque plaques or
pseudomembranes, a condition called
pseudolipomatosis by pathologists (233). To
prevent such disinfectant colitis, the authors
recommend an additional preprocedure rinse of
colonoscopic channels.

Septicemia

Approximately 10% of patients develop tran-
sient bacteremia after colonoscopy. Septicemia
is not common, although the risk of septicemia
increases in immunocompromised patients.

Perforation

Three mechanisms are associated with 
colonoscopic perforations (234): (1) mechanical
causes due to colonoscopic manipulation, (2)
barotrauma from overinsufflation, and (3) 
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perforation related to therapeutic procedures.
In general, perforation occurring during 
diagnostic colonoscopy tends to result in 
large lacerations; those associated with polypec-
tomy tend to be smaller. Cecal perforations tend
to be due to overinsufflation; sigmoid perfora-
tions involve mostly technical problems. Some
perforations are difficult to understand. Why
should a jejunal or ileal perforation develop
after colonoscopy? Some perforations are not
diagnosed for several days.

The appearance and sequelae of colonic 
perforation are myriad and are related both 
to the extent and site of perforation and 
amount of peritoneal soilage. In addition to a
pneumoperitoneum, some patients develop
pneumothoraces, pneumopericardium, pneu-
momediastinum, scrotal swelling, and even 
subcutaneous emphysema. A tension pneu-
mothorax can lead to acute respiratory failure.

The current trend is toward fewer surgical
interventions for colonoscopic perforations;
some patients with clinically and radiographi-
cally evident perforation heal under medical
management. In fact, medical therapy leads to a
shorter hospitalization than with comparable
surgical management. In patients believed to
require surgery, either primary repair or resec-
tion and anastomosis are the procedures of
choice, assuming no contamination is evident.

Other

A number of splenic ruptures have been associ-
ated with colonoscopy. Acute appendicitis
developed in a 69-year-old man immediately
after colonoscopy (235); no signs or symptoms
of appendicitis were evident prior to
colonoscopy.

Transient myocardial ischemic episodes
develop during colonoscopy; these appear to be
associated with tachycardia and hypoxemia.

Postresection
Mostly Rectosigmoid Complications

Although colonic ischemia and anastomotic
dehiscence is not uncommon after colon
surgery, rectal ischemia is rare. Rectal necrosis,
however, has developed after anterior resection
of a rectosigmoid carcinoma; presumably infe-
rior mesenteric artery ligation in a setting of

atherosclerosis results in an inadequate blood
supply to the residual colorectum.

Extraperitoneal emphysema is not uncom-
mon after a low anterior resection or full-
thickness excision, raising the question of
whether it represents benign emphysema or a
postoperative leak. At times abdominal wall
emphysema develops and persists for a consid-
erable time. These entities can usually be dis-
tinguished with a contrast enema. Computed
tomography findings of a leak consist of gas-
fluid collections adjacent to the rectum and
extending along tissue planes. With resolution
of a perforation these collections should gradu-
ally diminish.

Presacral space widening is common after
rectosigmoid surgery.

Hartmann’s Pouch

Based on established surgical indications, either
a Hartmann’s pouch or a double-barrel
colostomy is created to protect an anastomosis,
with surgeons in the United States favoring the
former. Complications related to a Hartmann’s
pouch include leaks, strictures, adhesions, and,
on a more chronic basis, recurrent tumor and
diversion colitis. A contrast study is often
requested prior to colostomy takedown, which
is generally several months or longer after the
initial surgery. Occasional debate surfaces
among radiologists about whether barium or a
water-soluble agent should be used; I prefer
barium because of its higher contrast and ability
to detect more subtle detail, unless the study is
being performed shortly after resection and the
possibility of rupture and intraperitoneal spill
are considerations. The presence of barium in a
leak is not an issue—after all, if barium enters a
sinus tract or cavity, so can infected colonic
content, which produces more damage than
inert barium sulfate. A more pertinent issue is
that the enema balloon should not be inflated to
the same degree as during a normal barium
enema; these patients have decreased rectal
pain sensation and, especially with the presence
of a stricture, a major rectal perforation can
occur.

Strictures in a Hartmann’s pouch are
amenable to transrectal dilation. Most small
leaks heal with time, although an occasional
silent leak is detected by a barium study even
months later.



Stricture

Benign postoperative colonic strictures are not
uncommon, most being due to ischemia. These
strictures are amenable to balloon catheter dila-
tion, either via colonoscopy or, with distal
colonic and rectal strictures, simply using
fluoroscopic control. A preprocedure barium
enema aids in defining the site and length of a
stricture. Procedure complications are rare and
stricture recurrence uncommon.

An occasional ischemic stricture is treated
with a self-expandable metallic prosthesis, but,
in general, stricture dilation is preferred even in
high-risk patients.

Postlaparoscopy
Laparoscopic resections of sigmoid diverticuli-
tis leads to a severalfold increase in operative
time over open resection but a decrease in
intensive care. Length of hospital stay, compli-
cations, and operating time decrease with 
experience.

Abdominal wall tumor recurrence at a trocar-
site scar does occur after laparoscopic carci-
noma resection. This complication is rare in a
laparotomy scar.

Port site hernias are an uncommon compli-
cation of laparoscopic colectomy. Superior
mesenteric and portal vein thrombosis
occurred after a laparoscopically assisted right
hemicolectomy.
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Congenital Abnormalities
Duplication of the vermiform appendix is rare.
A double appendicitis developed in a patient
with appendiceal duplication (1). A rare anom-
alous appendiceal insertion is not at the junc-
tion of colonic taenia but more distal.

Ultrasonography (US) identifies the appendix
in only a minority of patients with cystic
fibrosis; the appendix is normally dilated in
these patients—the appendiceal mean diameter
in cystic fibrosis patients was 9.8 mm, versus a
noncystic fibrosis normal control group diame-
ter of 3.9 mm (2). A normal appendiceal wall in
cystic fibrosis patients is not thickened.

Appendicitis
Clinical
Appendicitis is a common cause of an acute
abdomen in the Western world but is rare in
parts of Africa and Asia. Apparently appendici-
tis was uncommon prior to the 19th century, at
which time the term typhlitis was applied to
right lower quadrant inflammation. Finally,
in 1886, Reginald Fitz (3) put this condition 
in a correct perspective and coined the term 
appendicitis.

A number of unusual etiologies account for
appendicitis, with the final common pathway
being lumen obstruction. In children, obstruc-
tion due to lymphoid hyperplasia predomi-

nates. In adults, among others causes of obstruc-
tion are primary neoplasms and metastases to
the appendix (Fig. 6.1). Ingested lead shot has
been found in an inflamed appendix. Patients
have developed acute appendicitis immediately
after colonoscopy and after trauma, although
any relationship is conjecture. Although schis-
tosomiasis is common worldwide, schistosomal
appendicitis is rare. Appendicitis does occur in
renal transplant patients, and the clinical differ-
ential diagnosis needs to be expanded to include
complications related to the transplanted
kidney.

Occasionally periappendiceal inflammation
involves the right ureter and causes an unsus-
pected obstruction. Even bilateral ureteric
obstruction and acute tubular necrosis has
developed (4).

A typical scenario in appendicitis is an acute
appendiceal inflammation; next an intraluminal
abscess and an increase in intraluminal pres-
sure, followed by vascular occlusion, necrosis,
and eventual perforation. A time-dependent
sequence is apparent during the course of
appendicitis and the prevalence of acute perfo-
ration increases when the diagnosis is delayed;
an increased risk of perforation becomes appar-
ent with a delay of more than 12 hours.

Occasionally a barium enema reveals an
appendiceal diverticulum (Fig. 6.2). Most of
these are curiosities of no significance, but
similar to diverticula at other locations,
obstruction, inflammation, and resultant 
diverticulitis are feasible. Indeed, appendiceal
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diverticulitis does exist, but differentiating con-
ventional appendicitis from appendiceal diver-
ticulitis is problematic even for a pathologist.
From a clinical viewpoint both entities are
similar.

A clinical diagnosis of appendicitis has about
20% false-positive and false-negative rates.
These rates are increased in the very young and
very old and in women under age 40 who have
underlying gynecologic abnormalities.

Recurrence of surgically treated appendicitis
is possible, presumably representing appendi-
citis of a residual stump. Discussions with 
experienced surgeons suggest that this con-
dition is more common than the literature 
suggests. Recurrent appendicitis also develops
in an appendiceal stump after laparoscopic 
appendectomy.

In most younger patients with acute appen-
dicitis, no imaging studies are necessary. With
an atypical presentation, a clinical differential
diagnosis includes a number of other gastroin-
testinal and genitourinary conditions and can
be evaluated by specific imaging tests. Mesen-
teritis and ileitis, regardless of etiology, are
often in the differential diagnosis and are
difficult to exclude. Also, in adolescent girls and
women of reproductive age gynecological
abnormalities need be considered and in these
US should be the first imaging modality 
considered.

Imaging complements but does not replace
clinical evaluation. A number of patients with
normal imaging studies have been found to
have acute appendicitis.

Figure 6.1. Appendicitis associated with a cecal carcinoma. A: Computed tomography (CT) identifies a soft tissue tumor indenting
the cecal lumen (arrow).The fluid-filled structure adjacent to the tumor was believed to represent an appendiceal mucocele.A barium
enema outlined a cecal carcinoma, confirmed by resection. (Courtesy of Patrick Fultz, M.D., University of Rochester.) B: Barium enema
in another patient reveals a tumor at the cecal tip (arrows) and an incidental cecal diverticulum (arrowhead). An appendiceal phleg-
mon or abscess can have a similar appearance.

A B

Figure 6.2. Appendiceal diverticulosis.
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Diagnosis

An interesting observation in adults is that if the
leukocyte count and C-reactive protein values
are normal at admission and remain normal,
acute appendicitis can be excluded and neither
imaging nor resection is believed to be war-
ranted (5); the authors emphasize that this
finding applies only to adults, because in chil-
dren with acute appendicitis both tests can be
within normal limits.

Part of the problem in evaluating the efficacy
of various imaging modalities is establishing 
a reproducible patient population. Most inves-
tigators agree that a majority of patients with
suspected acute appendicitis do not need pre-
operative imaging, and it is this resultant patient
selection, together with variations in the inher-
ent delay in obtaining an imaging study, that
introduces a bias. In addition, adults, with their
more readily visualized periappendiceal fat,
should not be compared to children. Even if a
study does show that imaging reduces false-pos-
itive and false-negative appendectomy rates, the
results should be judiciously balanced by the
inherent increased delay to surgery and result-
ant increased risk of perforation for true-
positive patients.

What is “early” appendicitis? Inflammation
initially involves only the appendix, then
spreads to surrounding tissues. Signs of early
appendicitis are centered around an enlarged,
fluid-filled appendix, which then presumably
evolves into a thickened, inflamed wall, then
periappendiceal inflammation, and eventually a
phlegmon and abscess. The specific imaging
findings are different between these categories,
yet most studies lump patients into a single cat-
egory and the relative mix of early and not-early
appendicitis patients affects the prevalence of
specific signs and study results.

Does imaging aid in the overall diagnostic
accuracy in suspected acute appendicitis?
Although most publications answer this ques-
tion in the affirmative, an occasional dissent
appears in the literature. Thus, in a controversial
study of 766 consecutive patients undergoing
appendectomy for suspected appendicitis at a
United States university tertiary care center,
neither computed tomography (CT) nor US
improved diagnostic accuracy or the negative
appendectomy rate (6); in fact, preoperative US
delayed surgical consultation and appendec-

tomy by 6 hours; the delay due to CT was 8
hours. A delay increases the risk of perforation
with its increased morbidity. In the final analy-
sis, whether to operate or not remains mostly a
clinical decision.

Another relevant question is whether imag-
ing has any effect on a negative appendectomy
rate (normal pathologic findings). A negative
appendix was found in 14% of children who
underwent no imaging, 17% of those who had
US (with or without CT), and only 2% of those
who underwent CT only (7).

Presence of Appendicolith

Computed tomography (without enteric con-
trast) detects an appendicolith in about two
thirds of children with appendicitis (8); for
comparison, only 14% of 44 children initially
suspected of appendicitis but with this diagno-
sis later excluded had an appendicolith. Most
appendicoliths are solitary, but exceptions do
occur. Some are several centimeters in diameter.
Complicating the issue is that in an age-matched
control population (CT obtained for trauma),
3% of children had an appendicolith. Thus in a
clinical setting of suspected acute appendicitis,
detection of an appendicolith is highly sugges-
tive but not pathognomonic of appendicitis,
a conclusion already established decades ago 
in the pre-CT era. Exceptions do occur and not
all right lower quadrant calcifications are asso-
ciated with appendicitis. Among other etiolo-
gies, a fecalith or ureterolith can mimic an
appendicolith.

More attention needs to be placed on identi-
fying an appendicolith than the literature 
suggests. A retained postappendectomy appen-
dicolith predisposes to an abscess. Thus any pre-
operative imaging detection of an appendicolith
should be communicated to the surgeon.

Other foreign bodies occasionally act as a
nidus for appendicitis. In certain cultures lead
shot appendicitis is a known entity (Fig. 6.3).

Appendiceal Gas

The earlier literature provides conflicting views
about appendiceal gas; some authors suggested
that gas is a normal finding; others thought gas
to be a sign of appendicitis. In reality, intralu-
minal gas is found in both clinical settings.
Computed tomography detects gas in slightly
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over half of normal appendices; when present,
it appeared as small bubbles or a tubular col-
lection. An occasional individual has a gas–fluid
level in a normal appendix. Similar findings,
albeit less often, are found in patients with
appendicitis (gas outside the lumen, on the
other hand, is always abnormal). Ultrasound
detects intraluminal gas in a majority of normal
individuals and in about 15% of patients with
acute appendicitis (9). Contrary to some state-
ments in the literature, in any one patient a
finding of intraluminal gas is of little diagnostic
value. Gas in an appendicolith per se is of little
significance. The presence of intramural or
extraserosal gas generally implies a perforation.

Comparison Studies

A comparison of CT and US in suspected
appendicitis is difficult to place in proper per-
spective. Ultrasound is rapid and requires no
patient preparation, but is very operator
dependent. Yet in most comparison studies CT
achieves a slightly greater sensitivity and 
specificity than US, keeping in mind the added
complexity of contrast administration (dis-
cussed below). The lack of periappendiceal fat
in pediatric patients adds another variable to
study comparisons, and results appear to be

influenced by whether one is dealing with 
adults or children. Most comparison studies do
not distinguish “early” or “perforated” appen-
dicitis patients, yet disease status does influence
study results. Thus US sensitivity and specificity
in detecting appendicitis decrease after a 
perforation occurs, presumably because a
decrease in appendiceal diameter makes it
difficult to locate in the surrounding inflamma-
tion, and in this clinical setting CT appears to be
preferred.

Unenhanced focused CT in children achieved
a 97% sensitivity and 100% specificity, whereas
a historical cohort of children with graded com-
pression US reached a sensitivity of 100% and
specificity of 88% (10); even with such a focused
CT study, an alternate diagnosis was suggested
by CT in 35% and by US in 28% of children
without appendicitis.

Helical CT achieved a higher sensitivity (95%
versus 78%) than graded compression US for
detecting appendicitis in 386 children, adoles-
cents, and young adults, with both techniques
having similar specificity (11); of interest is that
for discordant CT and US findings among these
patients, CT was correct 85% of the time. In a
prospective study of consecutive patients with
clinical acute appendicitis, unenhanced focused
single-detector helical CT and graded compres-
sion US performed in a Netherlands community
teaching hospital by both body imaging radiol-
ogists and general radiology staff achieved
similar accuracy for diagnosing acute appen-
dicitis with both modalities (12): sensitivity of
CT and US was 76% and 79%, respectively, and
specificity was 83% and 78%.

In patients with clinically suspected acute
appendicitis, unenhanced focused appendiceal
CT, abdominopelvic CT, and focused appen-
diceal CT using colonic contrast achieved sensi-
tivities of 78%, 72%, and 80% and specificities
of 86%, 91%, and 87%, respectively (13); US
without and with colonic contrast had low sen-
sitivity (33% to 35%) but high specificity (85%
to 89%), and all three CT techniques were supe-
rior to US. Another view from this study is that
abdominopelvic CT provided the greatest diag-
nostic confidence for patients with negative
findings, but focused appendiceal CT with
colonic contrast provided the most confidence
for patients with positive findings (13).

Finally, radiologists’ diagnostic confidence
appears greater with CT. Thus in children and

Figure 6.3. Lead shot appendicitis. (Courtesy of Klas Mare, M.D.,
Göteborg, Sweden.)
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young adults with equivocal clinical findings for
appendicitis, US was interpreted with a high or
very high confidence level in only 58% of
patients (14); CT was performed if US results
were equivocal or appendix was not visualized
(these are thus more atypical patients), yet CT
was interpreted with a high or very high
confidence in 92% of patients.

Conventional Radiographs

Although previously commonly obtained, con-
ventional abdominal radiographs have been
supplanted by other imaging tests. Likewise, a
barium enema, although relatively accurate in
detecting acute appendicitis, is rarely per-
formed except in an older patient in whom a
cecal carcinoma is suspected.

Elderly radiologists are familiar with barium
retention in a normal appendix for prolonged
time; if the patient develops appendicitis some
time after a barium study, any residual appen-
diceal contrast should be placed in the proper
perspective; it was situations such as this that
gave rise to the surgical myth of barium-
induced appendicitis.

The presence of focal adynamic ileus and
mechanical ileus generally represents sequelae
of a phlegmon or focal peritonitis (Fig. 6.4).

Computed Tomography

A considerable, but often contradictory, litera-
ture discusses CT in a setting of suspected
appendicitis. One should keep in mind that a
number of variables affect CT study results:

1. Studies are different in pediatric patients
than in adults. Children have less fat, an
important component when identifying
the appendix, and periappendiceal
inflammation is thus less readily detected.
Published CT accuracies in evaluating
appendicitis are best approached by 
distinguishing children from adults. In
younger children sedation is also an issue.

2. Should oral, rectal, or no contrast be used?
Contrast does aid diagnosis, but of neces-
sity the use of oral contrast introduces a
delay in diagnosis that in certain situations
is not acceptable to surgeons. Rectal con-
trast, administered blindly, introduces
additional complexity to these studies.

3. Does intravenous contrast aid in detecting
inflamed tissue or is its use superfluous in
a setting of suspected appendicitis?

4. Should an abdominopelvic screening
study be performed or is a study focused
on the appendix using thin collimation
preferred? The answer to this question is
often based on whether one is dealing with
a child or an adult and on overall clinical
suspicion.

Evidence suggests that with unenhanced mul-
tislice CT the radiation dose can be lowered con-
siderably without loss of diagnostic information
when evaluating for appendicitis (15). Most
studies agree that helical multislice CT using
close collimation improves abnormality detec-
tion. In treating children, the trend is toward CT
focused on the appendix rather than a general
abdominopelvic scan if clinical suspicion sug-
gests appendicitis. In adults, in whom alternate
diagnoses are more common, this trend is less
evident; an abdominopelvic CT scan (nonfo-
cused scan) is more often the initial study for
appendicitis, and a focused appendiceal CT
study, using colonic contrast, is reserved for
unusual situations. In a small minority of
patients clinically suspected of having appen-
dicitis, abnormalities are found outside the
pelvis (16). The differential diagnosis often
includes gynecologic abnormalities, Crohn’s

Figure 6.4. Appendicitis presenting both with adynamic ileus
and small bowel obstruction.
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disease, Yersinia enterocolitica infection, lym-
phoma, and, in adults, cecal diverticulitis and
cancer.

Although intuitively obvious, one of the
reasons for missing appendicitis with a focused
study is if the inflamed appendix is not included
in the imaged field of view. Scanning in a decu-
bitus position is useful in some patients. In
patients with clinically suspected acute appen-
dicitis, 5-mm collimated sections through the
lower abdomen and upper pelvis achieved a
sensitivity of 99% and specificity of 98%,
whereas 10-mm collimated sections from the
diaphragm to the pubic symphysis reached a
sensitivity of 82% and specificity of 95% (17);
even narrower collimation is to be expected
with the introduction of multislice units. In
general, CT using 5-mm collimation but without
oral, intravenous, or rectal contrast in adults
with suspected acute appendicitis yields about
95% sensitivity and almost 100% specificity in
diagnosing acute appendicitis. Even in children,
focused CT achieves about 95% sensitivity and
specificity (18,19).

Does intravenous, oral, and rectal contrast aid
CT interpretation in suspected appendicitis?
Even on such a simple topic published opinions
vary. The sensitivity of detecting an inflamed
appendix improves significantly with the use of
intravenous (IV) contrast (20,21). The use of
oral and IV contrast in children with suspected
appendicitis achieved a 97% sensitivity and 93%
specificity (22). Some protocols include both
oral and rectal contrast. A disadvantage of oral
contrast is the time involved before the contrast
outlines the ileocecal region, a delay frowned
upon by surgeons. A contrast enema sufficient
to opacify the cecum aids in defining adjacent
structures and cecal wall thickening. A contrast
enema is more helpful in children, who have
little abdominal fat, than in adults.

The typical criteria for a CT diagnosis of
appendicitis include appendiceal wall thick-
ening (>1 mm) or an abscess, phlegmon, or
pericecal inflammation associated with appen-
dicolith(s).An isolated appendicolith or isolated
periappendiceal inflammation are secondary
findings and in the absence of a thickened
appendix should not be used to diagnose appen-
dicitis. On the other hand, if the entire length of
the appendix is visualized and very little or no
lumen fluid is evident, no appendicolith is
present, and periappendiceal fat appears

normal, then appendicitis is excluded from the
differential. Also, appendiceal nonvisualization
on a technically correct CT scan should exclude
appendicitis, keeping in mind that in some
patients a phlegmon or abscess, presumably sec-
ondary to progression of inflammation, will
render an appendix not visible even on narrow
CT windows.

The cecal bar sign consists of a curved soft
tissue bar separating an appendicolith from
adjacent cecal contrast. Occasionally cecal con-
trast assumes a funnel-shaped outline, sur-
rounded by thickened cecal wall and pointing
toward the appendix, termed the arrowhead
sign.

In any one patient the diagnosis is not always
straightforward. Individually, many described
signs are not pathognomonic of appendicitis
and are also seen with other disorders.A normal
appendix, identified by helical CT in its entire
length, excludes appendicitis. An unopacified
appendix >6 mm in diameter is strong presump-
tive evidence of appendicitis. Fat-stranding 
is a very sensitive but nonspecific finding in
appendicitis.

Ileocolic lymph nodes tend to enlarge in
appendicitis, but published detection sensitivi-
ties vary in different studies. In either case,
adenopathy is found in a number of other 
diseases and cannot be relied on to suggest
appendicitis.

Any small bowel adjacent to the appendix
eventually develops a thickened wall due to
inflammation or edema. Some phlegmons or
abscesses are small and lie adjacent to the
appendix; an occasional one extends into the
pelvis and fills the pouch of Douglas. Adjacent
vascular involvement ranges from mild engor-
gement to thrombosis.

Computed tomography in nonpregnant
women clinically suspected of having either
appendicitis or an acute gynecologic condition
achieved 100% sensitivity and 97% specificity
for diagnosing appendicitis and 87% sensitivity
and 100% specificity for acute gynecologic con-
ditions (23); CT is able to differentiate appen-
dicitis and acute gynecologic conditions in the
vast majority of women and influences both
surgical and medical management in a number
of them.

In summary, the use of CT, narrow collima-
tion, and rectal contrast to opacify the cecum
increases diagnostic confidence in a setting 
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of suspected appendicitis, especially in child-
ren. Intravenous contrast appears to be less
important.

Ultrasonography

Ultrasonography in a clinical setting of sus-
pected appendicitis has achieved mixed results,
partly due to operator dependent factors. For
example, appendiceal US studies performed by
unsupervised technicians at night achieved a
sensitivity of 26% compared with a sensitivity
of 61% when studies were performed during the
day by supervised technicians (24).

Some European hospitals have a policy to
perform imaging, generally US, in all patients
with a clinical suspicion of appendicitis (25). A
further refinement is to add CT if US is equivo-
cal. In general, US sensitivity and specificity are
superior to those obtained with a clinical diag-
nosis only. Ultrasound allows a diagnosis of
acute appendicitis in more patients more often
and more quickly than is possible with clinical
evaluation alone. Patients with true negative
studies generally have other intestinal, mesen-
teric, gallbladder, or ovarian abnormalities. A
number of studies show an overall sensitivity of
about 85% for an US diagnosis of appendicitis.
Nevertheless, to dampen some of the generally
enthusiastic findings, a Danish prospective,
double-blind diagnostic US study achieved poor
results, reaching a sensitivity of only 49% and
specificity of 88% (26).A high false negative rate
US should not be used to exclude appendicitis
in patients with a classic clinical presentation.
Likewise, with a low clinical probability of
appendicitis US is not recommended for screen-
ing because of the high false positive rate.

Visualization of a normal appendix in its
entire length during US-graded compression is
infrequent but when seen excludes appendicitis.
A retrocecal appendix can be difficult to visual-
ize. At times appendicitis is excluded by show-
ing an alternative condition to account for the
patient’s symptomatology. It should be kept in
mind, however, that appendicitis does occur
synchronously with another disease having
similar symptoms.

The most accurate US finding of acute appen-
dicitis is presence of a noncompressible blind-
ending tubular multilayered appendix having a
maximal diameter >6 mm, a finding having a
sensitivity and, in some studies, specificity in

the high 90% (27). Others find a much lower
specificity, primarily due to an appendiceal
diameter of 6 mm or more in controls (28).
One of the causes of an appendiceal diameter 
>6 mm in non-appendicitis patients is lym-
phoid hyperplasia, regardless of etiology. Other
causes include excessive intraluminal content.

An appendiceal wall thickness >3 mm is gen-
erally found in acute appendicitis. The loss of
appendiceal wall definition suggests ischemia or
gangrene. An appendicolith appears as a bright
hyperechoic structure with distal shadowing.
Enlarged lymph nodes are common. Visualiza-
tion of the inflamed appendix is generally
accepted proof that appendicitis is present. Yet
it should be realized that the appendix is also
inflamed by adjacent disorders such as Crohn’s
disease, a tubo-ovarian abscess, colon carci-
noma, and certain infections, and at times 
these mimic the sonographic appearance of
appendicitis.

At times endovaginal US detects an appendix
located in the pelvis when suprapubic US can-
not locate it.

Doppler US reveals increased blood flow in
the wall of an inflamed appendix. Appendiceal
hyperemia is common in children with a non-
perforating appendicitis but often resolves with
a perforating or gangrenous appendix.

Magnetic Resonance Imaging

Magnetic resonance imaging is not commonly
employed for suspected appendicitis, yet it has
considerable advantages. It appears highly 
accurate in detecting acute appendicitis. In 
children with acute appendicitis, T2-weighted
ultra–turbo spin echo (TSE) images revealed a
markedly hyperintense region and a slightly
hyperintense thickened wall, surrounded by a
markedly hyperintense periappendiceal zone
(29); unenhanced axial T2-weighted spin-echo
imaging was the most sensitive sequence.

Peri-appendiceal inflammation appears on
T1-weighted images as hypointense stranding
within the hyperintense fat. Inflammatory
tissue, including abscess wall, enhances 
postcontrast.

Scintigraphy

Scintigraphy is not commonly obtained in 
suspected appendicitis. Technetium-99m 
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(Tc-99m)–hexamethylpropyleneamine oxime
(HMPAO) white blood cell scintigraphy in
women with an acute abdomen, suspected of
appendicitis but having atypical clinical find-
ings, achieved a sensitivity and specificity of
>90% in diagnosing appendicitis (30).

Unusual Appearance
In the majority of patients appendicitis even-
tually localizes in the right lower quadrant.
Occasionally inflammation evolves in another
location, such as in the pelvis (Fig. 6.5). Sub-
hepatic appendicitis, at times with a fecalith,
mimics acute cholecystitis. Several experienced
clinicians relate encountering a gangrenous
appendix in an incarcerated right inguinal
hernia.

A commonly accepted dogma both in the lit-
erature and among practicing radiologists is
that the presence of a contrast-filled appendix
on CT excludes appendicitis. Occasionally, how-
ever, appendicitis involves only the appendiceal
tip. A previous generation of radiologists prac-
ticing barium studies were taught to look for the
bulbous dilatation near the tip of the appendix
as a sign that the entire appendiceal lumen has

been visualized; this finding is more difficult to
detect with CT. Computed tomography in
patients with distal appendicitis (the bulbous
blind end is defined as distal) identifies a
normal proximal appendix but does defect peri-
appendiceal fat stranding; as expected with
distal appendicitis, no abnormality is detected
at the cecal base. Ultrasound can also detect
distal appendicitis. Regardless of the imaging
modality used, the entire appendiceal length
should be studied to exclude distal appendicitis.

A right lower quadrant phlegmon or abscess
is a late finding.An appendiceal abscess tends to
involve adjacent bowel. Thus distal small bowel
obstruction is common with neglected appen-
dicitis. Strictures, presumably from chronic in-
flammation, have developed both in the ileum
and sigmoid.

Appendicitis with a perforation allows
appendicolith migration to unusual locations,
including the pouch of Douglas; some of these
calcifications are identified by postoperative CT.

In a rare presentation, scrotal US detected a
hypoechoic lesion but a normal testis and epi-
didymis in a 10-year-old boy with an inguinal
hernia in the left scrotum (31); torsion was sus-
pected, but surgery found pus in the tunica vagi-
nalis together with surrounding inflammation.
Subsequent abdominal US and MRI revealed an
abscess posterior to the bladder, and laparo-
tomy yielded a gangrenous appendix.

A rare complication of appendicitis is a vesi-
coappendicular fistula.

Inflammatory Bowel Disease
Appendicitis appears to occur less often than
expected in individuals with ulcerative colitis
but roughly at the same rate as in the general
population in Crohn’s patients.

The clinical presentation of Crohn’s disease of
the appendix and typical acute appendicitis is
similar. Indeed, it is conjecture whether a histo-
logic diagnosis of idiopathic granulomatous
appendicitis is the same entity as Crohn’s disease
limited to the appendix. Some patients with 
histologic acute and chronic appendicitis have
granulomas but no systemic or enteric granulo-
matous disease. In general, the complication
rate in a setting of granulomatous appendicitis
is low. Some investigators suggest that if an
appendectomy reveals granulomatous appen-

Figure 6.5. Neglected appendicitis that has evolved into a
pelvic abscess. The appearance mimics a tumor in the pouch of
Douglas (arrows).
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dicitis, further investigation is warranted to
ensure that no underlying Crohn’s disease exists
in either the small bowel or colon.Also, presence
of noncaseating granulomas is found in appen-
diceal sarcoidosis.

Pregnancy
Appendicitis does occur in pregnancy, during
any trimester and also in the postpartum
period. Maternal morbidity is essentially the
same throughout the gestational period but
perinatal outcome appears worse if appendicitis
occurs in the second trimester. An extrauter-
ine infection, such as appendicitis, appears 
to be associated with increased neonatal 
abnormalities.

Graded compression US is of similar value in
pregnant women as in the general population.

MRI is often indicated in these patients.

Old Patients
A clinical diagnosis of appendicitis is difficult 
in the very young and very old (Fig. 6.6).

Older patients developing acute appendicitis 
are considerably more likely to have a gan-
grenous or perforated appendix than younger
patients. Among patients aged 70 to 89 years,
the site of abdominal pain was atypical in half,
45% presented with bowel obstruction, a pre-
operative diagnosis of appendicitis was made
only in half, surgery was performed within 24
hours of admission in only 40%, and appen-
diceal perforation occurred in 70% (32); com-
plications developed in 70%, mostly related to
perforation.

AIDS Related
AIDS patients are prone to unusual infections.
Even cytomegalovirus appendicitis can be
expected in a patient with HIV infection.

Therapy
The primary purpose of early therapy of acute
appendicitis is to arrest the inflammatory
process prior to perforation. Mortality and mor-
bidity rise with perforation. On the other hand,
attempts to perform early appendectomy result
in an increased normal appendectomy rate. An
oft-repeated statement holds that an inverse
relationship exists between a normal appendec-
tomy rate and perforation rate, although the
validity of such a relationship has been
modified considerably by better diagnosis.

Laparoscopy

Laparoscopic appendectomy was initially
greeted rather skeptically by the surgical com-
munity, yet numerous studies have concluded
that, compared to open appendectomy, a laparo-
scopic approach leads to a shorter hospital stay.
Nevertheless, a review of randomized, con-
trolled trials of laparoscopic appendectomy in
adults failed to establish superiority for the
laparoscopic approach, and the authors con-
cluded that “nothing is definitively well estab-
lished” (33). The reported complication rates
range from being similar for both open and
laparoscopic approaches to the laparoscopic
group having fewer infections and an earlier
return to normal activity.

Figure 6.6. Barium enema reveals a tumor at the cecal base
(arrows) in an elderly woman. A cancer was suspected but
surgery revealed appendicitis.
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Diagnostic laparoscopy appears useful in a
clinical equivocal diagnosis of appendicitis. A
laparoscopic diagnosis of acute appendicitis 
can be immediately followed by a laparoscopic
appendectomy.

Some surgeons consider acute complicated
appendicitis, such as a gangrenous or perforated
appendix, a relative contraindication to laparo-
scopic appendectomy.

Colonoscopy

Anecdotal reports describe colonoscopy both
for diagnosis and therapy of unsuspected acute
appendicitis. Colonoscopy reveals an inflamed
appendiceal orifice. Intubation and pus as-
piration are reputedly therapeutic but these
patients invariably require an eventual elective
appendectomy.

Other Therapy

Occasionally a patient with suspected appen-
dicitis, especially if clinical symptoms are mild,
is treated conservatively. Some of these patients
then undergo an elective appendectomy.

Most periappendiceal abscesses are amenable
to percutaneous drainage. Some of these can be
drained using an endorectal route. Most sur-
geons recommend an interval appendectomy.

An incidental vaginal appendectomy can be
performed in women during laparoscopic-
assisted vaginal hysterectomy.

Differential Conditions
An otherwise normal appendix can be thick-
ened by reactive inflammation due to an adja-
cent lesion, with the most relevant being
mesenteric lymphadenitis. Complicating the
issue is that lymph nodes enlarge both in appen-
dicitis and mesenteric lymphadenitis.

Various gynecologic abnormalities, right
ureter obstruction, cecal diverticulitis or 
cancer, and ischemia are some other conditions
occasionally mimicking clinical acute appen-
dicitis. Clinically, a rectus sheath hematoma
presents similarly to appendicitis, although the
correct diagnosis can be suspected either by CT
or US.

Torsion of the right ovary mimics appendici-
tis; imaging should distinguish between these
two conditions.

A cecal or appendiceal carcinoma not un-
commonly manifests as appendicitis, with the
clinical presentation in some patients sug-
gesting chronic rather than acute appendicitis.
Most published CT and US studies of appen-
dicitis do not include cecal carcinoma in their
alternate diagnosis groups, yet the not rare
reports of cecal carcinoma mimicking CT and
US findings of appendicitis are disturbing.
Even in a younger adult a carcinoma often 
needs to be in the differential. A simple appen-
dectomy in a setting of cecal cancer has grave
consequences.

Appendiceal myeloid sarcoma in a patient
with myeloid leukemia mimicked appendicitis
both clinically and with CT (34). Also known as
granulocytic sarcoma, myeloid sarcoma occurs
in various myeloproliferative disorders, leuke-
mia and polycythemia vera.

Thrombosis of an ovarian vein in a post-
partum patient can mimic acute appendicitis
both clinically and by US. Other conditions that
mimic some of the imaging findings of appen-
dicitis include Crohn’s disease, tuboovarian
abscess, typhlitis, cecal diverticulitis, and an
adjacent neoplasm. Most often endometriosis
has a different clinical presentation, but occa-
sionally is a cause of acute appendicitis.

Chronic Appendicitis
Several recent authors have “rediscovered”
the presence of recurrent episodes of abdomi-
nal pain due to appendicitis, a condition 
already described by Fitz in his seminal article
in 1886. Many of these patients are treated 
conservatively, although recurrent bouts of
appendicitis are common (35) (Fig. 6.7);
patients with an appendiceal diameter >8 mm
are more prone to develop recurrence than
those with a smaller diameter. In spite of the
initial clinical and imaging diagnosis of appen-
dicitis, a basic question is often left unanswered:
Did the patients indeed have appendicitis or 
was some other disorder responsible for the
patients’ symptoms?
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Tumors
Many appendiceal neoplasms are directly
related to appendicitis, presumably by obstruct-
ing the lumen, or they are discovered inciden-
tally by a pathologist in a resected appendix. An
occasional appendiceal malignancy invades the
adjacent cecum and eventually is labeled as a
cecal carcinoma.

In general, the prevalence of both synchro-
nous and metachronous colorectal neoplasms is
increased in the presence of an appendiceal
tumor; a study of nearly 8000 appendectomies
found synchronous or metachronous colorectal
cancers in 10% of patients with appendiceal car-
cinoids, in 33% of those with benign tumors, in
55% with secondary malignancies, and in 89%
of those with primary malignancies (36).

Mucocele
A mucocele describes a grossly dilated appen-
diceal lumen filled with accumulated mucus.
The term is descriptive in nature and does not
imply a specific etiology; it is found with
mucosal hyperplasia with lumen obstruction,
a cystadenoma, cystadenocarcinoma, and even
a mucin-producing tumor metastatic to the

appendix. Some authors include the dilated
appendices found normally in patients with
cystic fibrosis under mucoceles, but this is not a
universal practice.

Appendiceal mucoceles are associated with
an increased prevalence of synchronous colon
neoplasms. Thus colon tumor surveillance
appears worthwhile in these patients.

An occasional mucocele is huge. Rarely, one
develops postoperatively, at times even years
later. Rupture of a mucocele leads to pseu-
domyxoma peritonei (discussed in Chapter 14).
Most spontaneously rupturing mucoceles are
malignant. Cecocolic intussusception by an
appendiceal mucocele is very rare (37).

The barium enema appearance of a mucocele
is that of a smoothly outlined mass extrinsic to
the cecum in the region of the appendix. A
similar finding is seen with CT (Fig. 6.8).

Ultrasonography shows an inhomogeneous
tumor, often containing hyperechoic compo-
nents and having posterior enhancement.
Endosonography reveals a hypoechoic tumor
containing hyperechoic foci. Endosonography
should be able to distinguish between an appen-
diceal and an ovarian origin for mucoceles.

Magnetic resonance imaging identifies a
cystic hypointense mass on T1- and a hyperin-
tense mass on T2-weighted images. Their signal

Figure 6.7. Chronic appendicitis. A: Only a portion of an irregular
appendiceal lumen (arrow) is visualized in a patient with chronic pain.
B: CT in another patient reveals a right lower quadrant tumor (arrow).
(Courtesy of Thomas Miller, M.D., San Louis Obispo, California.)

B
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intensity varies depending on protein content.
The mucocele wall tends to be thick and
enhances postcontrast.

The surgeon faces a dilemma once a mucocele
is identified. If the condition is due to a simple
retention cyst, an appendectomy suffices. At the
other extreme, an underlying cystadenocarci-
noma of the appendix requires a more extensive
cancer resection.

Endometriosis
The most common site for endometriosis is 
the rectosigmoid, followed by the appendix 
and ileocecal region. Appendiceal endome-
triosis is usually associated with right ovarian
endometriosis and is often clinically silent,
being detected by the pathologist after an inci-
dental appendectomy.

An occasional patient with appendiceal endo-
metriosis presents with massive lower gastro-
intestinal bleeding or even an acute abdomen
suggesting acute appendicitis. Intratumoral
bleeding and necrosis presumably account for
the acute presentation.

Carcinoid
A carcinoid is the most common appendiceal
neoplasm. The vast majority of carcinoids are
benign and, if detected incidentally in a resected
appendix, are of little consequence. A rare one

infiltrates the adjacent cecum and obstructs the
bowel. Carcinoid induced fistulas are rare.

Somatostatin scintigraphy, performed after
an incidental appendiceal carcinoid was dis-
covered, detected focal tracer activity at the 
previous appendectomy site (38). No resi-
dual carcinoid was found at subsequent right
hemicolectomy.

A rare and distinct entity is an adenocarci-
noid, also called goblet cell carcinoid (39). These
have histologic features of both a carcinoid and
an adenocarcinoma and are aggressive tumors
metastasizing readily.At surgery an appendiceal
adenocarcinoid can mimic metastatic ovarian
carcinoma.

Cystic Neoplasms
Appendiceal cystadenomas and cystadenocarci-
nomas typically present as soft tissue tumors
extrinsic to the cecum but indenting it. The
cystic nature of the tumor can be suspected
from barium enema findings and confirmed
either by US or CT. Occasionally mucin leaks
into the surrounding soft tissues and incites
inflammation and granuloma formation, at
times to the point that even at surgery a 
carcinoma is suspected. Some appendiceal
mucinous cystadenomas are associated with an
elevated serum carcinoembryonic antigen
(CEA) level.

Occasionally found are synchronous solid or
cystic neoplasms of the ovaries and appendix.
Although some authors consider them as repre-
senting two independent neoplasms, mutation
analysis suggests that they are not independent
but one originates from the other.

Computed tomography of primary mucinous
appendiceal cystadenocarcinomas identifies not
only a cystic component but also enhancing wall
nodules. A gynecologic tumor is often in the 
differential diagnosis.

Adenoma/Adenocarcinoma
Appendiceal adenocarcinoma are uncommon.
Most are not suspected preoperatively and
many cancers have already metastasized at the
initial presentation. Appendiceal adenocarcino-
mas have developed in a setting of chronic
ulcerative colitis and in familial polyposis syn-
drome. A rare appendiceal villous adenoma
caused acute appendicitis.

Figure 6.8. Appendiceal mucocele. CT reveals a cystic structure
extending inferiorly from the cecum and an abscess was sus-
pected. Needle puncture under US guidance yielded gelatinous
material. (Courtesy of Patrick Fultz, M.D., University of
Rochester.)
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A necrotic appendiceal adenocarcinoma can
form a fistula to adjacent structures, including
bladder.

Other Tumors
A fibrous histiocytic tumor at the appendiceal
tip led to appendiceal torsion (40). A hyperplas-
tic polyp is occasionally detected in a resected
appendix. Rare appendiceal ganglioneuromas
and pheochromocytoma develop mostly in
patients with neurofibromatosis type 1.

Metastases to the appendix are probably
more common than the literature suggests,
especially in a setting of carcinomatosis. A rare
metastasis results in acute appendicitis. The role
of appendectomy in staging and cytoreductive
surgery in a setting of ovarian cancer and sus-
pected carcinomatosis is debatable.

In spite of the rich surrounding adenopathy,
lymphoma involving the appendix is rare.

Intussusception
Appendicocecal intussusception is rare. These
intussusceptions range from complete to 
partial. Some are idiopathic, others have an
underlying malignancy, endometriosis, cecal
lymphangioma (41), or some other lead point.

Clinically, these intussusceptions range from
acute to chronic.

The intussuscepted appendix appears as a
finger-like projection in the cecal lumen. Some
intussusceptions are reduced during a barium
enema. Once an intussusception has progressed
beyond the point of appendiceal invagination,
the imaging appearance begins to mimic a 
cecocolic or even an ileocolic intussusception;
these latter intussusceptions are discussed in
Chapter 5.

Examination and Surgical
Complications
Postoperative complications develop in about
10% of patients after simple acute appendicitis
versus about 20% in those with gangrenous or
perforated appendicitis.

Following conventional appendectomy, US
identifies a seroma under the scar in about half

the patients; the seroma gradually resolves.
After laparoscopic appendectomy fluid collec-
tions are also relatively common even in asymp-
tomatic patients. In the symptomatic patient
these innocuous fluid collections can be difficult
to distinguish from a postoperative abscess.

Even a scrotal abscess has developed after
laparoscopic appendectomy.

Occasionally an incomplete appendectomy is
performed. Some of these patients continue 
to have symptoms; in others appendicitis dev-
elops later.A postoperative appendicocutaneous
fistula suggests an incomplete appendectomy or
possibly retained stone.

Dropped appendicoliths are associated with
necrotic appendicitis and occur more often
during a laparoscopic appendectomy. Not
uncommonly they result in a pelvic abscess (42).

A cecocolic intussusception develops rarely
after an appendectomy.
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Technique
Computed Tomography
In a solid organ such as the liver, computed
tomography (CT) reveals characteristic attenu-
ation alterations and morphologic changes of
diffuse disorders such as cirrhosis and fatty
infiltration. Similar changes are also detected
with magnetic resonance imaging (MRI). Cur-
rently the primary limitation of both CT and
MRI is that a number of liver disorders have
overlapping imaging findings, thus limiting
specificity.

The terms helical CT and spiral CT are used
interchangeably. In helical CT the patient table
moves at a constant speed while the x-ray tube
and detectors rotate continuously, and thus
scanning is in a helix rather than a circle as with
conventional CT. Images obtained with helical
CT do not define a specific circular body slice
and are not identical to those obtained with
conventional CT. There is little argument that 
in evaluating abdominal disease in general, and
liver disorders in particular, helical CT is pre-
ferred over conventional CT.

Initial helical CT scanners could cover either
large body parts or thin sections of a limited
volume, but not both, a limitation largely over-
come by the introduction of multidetector CT
(also known as multirow CT and multislice CT)
in the late 1990s. As a basic concept, multi-
detector CT generates more than one slice per
x-ray tube rotation. Multidetector CT, with 16

detectors being readily available, 32 detectors
being tested, and 64 or more detectors on the
drawing boards, offers several advantages: a
larger volume scanned during a given time,
reduced time required to scan a given volume,
narrower collimation and thus increased reso-
lution, and shorter enhancement intervals 
after contrast. Multidetector helical CT allows
simultaneous acquisition of multiple slices, and
complex, single breath-hold techniques are thus
feasible (a breath-hold is typically defined as 
20 sec or less). Three-dimensional (3D) CT arte-
riograms without venous overlay are readily
obtained by using first-pass data from a multi-
row detector CT scanner. One by-product of
multidetector CT is a considerable increase in
the number of images available for review,
thus adding to study complexity. Simply de-
creasing the number of images evaluated is not
a viable option because overlapping images at
various phases of contrast flow improve disease
detection.

In general, precontrast CT scanning identifies
fewer liver lesions than postcontrast images. In
many institutions precontrast CT is limited to
specific indications such as in detecting
calcifications or hemorrhage.

Correct arterial phase timing is obtained 
by using an initial test dose. Automatic bolus
tracking initiates scanning after injection of
contrast by monitoring a region-of-interest
cursor placed in the abdominal aorta; a typi-
cal scenario is to set a threshold level at 100
Hounsfield units (HU) over the aortic baseline

7
Liver
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CT level and initiate scanning about 10 seconds
later. A similar approach is to start arterial
phase imaging when splenic enhancement
reaches a certain HU value above baseline.

On average, CT arterial phase begins to
enhance about 15 to 20 seconds after the start of
intravenous (IV) contrast injection, followed by
portal venous enhancement about 30 seconds
later and parenchyma enhancement shortly
after that. Images during the arterial phase map
the major hepatic artery branches, and portal
phase images outline portal and hepatic venous
systems. Such a biphasic or dual-phase CT tech-
nique refers to the two discrete imaging
sequences obtained and not to a biphasic con-
trast injection. For some indications, a liver
parenchyma enhancement phase, also called an
equilibrium phase, obtained several minutes
after the start of contrast injection, is useful.

The literature is inconsistent about defin-
ing biphasic and triphasic CT imaging. Some
authors include a precontrast phase as part of
these terms, but others do not. In this book a
precontrast phase is not included as part of
either biphasic or triphasic imaging, and the use
of these terms refers to postcontrast phases
only. Even here confusion exists; does “biphasic”
refer to the arterial, portal venous or equilib-
rium phases (or any other phase for that
matter)? The term double arterial phase
imaging signifies that early and late arterial
phase images are obtained during a single
breath-hold study. Some use quadruple phase to
mean that images are obtained precontrast and
at three times after the start of contrast injec-
tion. No sharp boundary exists between various
phases. Ideally, authors should include the
specific times after the start of injection when
scanning is initiated.

Computed tomography CT data are viewed
either as traditional transverse images or dis-
played in coronal, sagittal, or 3D projections.
The latter allows a direct estimate of tumor size,
information at times useful to the oncologist or
surgeon.

Computed Tomography Angiography

Computed tomography angiography (CTA) is a
general term used in a sense similar to conven-
tional angiography but is often applied to a
technique of injecting IV contrast and obtain-
ing images during the arterial phase. Use of

multidetector CT is especially well suited for
such vascular studies.

Computed tomography angiography can also
be performed with contrast injected through 
a catheter advanced into a major abdominal
artery; whether one obtains CT arterial portog-
raphy or CT hepatic arteriography (or any other
specific vessel angiography) depends on the
artery used and image timing.

Computed Tomography 
Arterial Portography

Computed tomography arterial portography
consists of angiographic placement of a catheter
in the superior mesenteric artery or splenic
artery, transfer of the patient to a CT suite, injec-
tion of a contrast bolus through the intraarter-
ial catheter, followed by liver imaging during the
portal venous phase. This technique maximizes
attenuation differences between a neoplasm
having a primarily arterial blood supply and
normal liver parenchyma primarily supplied by
the portal vein. It is superior to the usual intra-
venous contrast-enhanced CT imaging; over
80% of tumors <1 cm in diameter are imaged.
It is used in some centers preoperatively for
anatomic localization of lesions and in evaluat-
ing whether a patient is indeed a surgical can-
didate. A refinement of this technique consists
of a dual-phase study: during the first phase
images are obtained about 30 seconds after the
start of the contrast injection, and second-phase
images are obtained at 70 seconds.

In general, there is no difference in hepatic
enhancement whether CT arterial portography
is performed via the superior mesenteric artery
or the splenic artery. In the presence of an
anomalous right hepatic artery originating
from the superior mesenteric artery, the cath-
eter needs to be positioned distal to this site.
Computed tomography arterial portography is
of limited use in patients with portal hyperten-
sion and collateral portal blood flow away from
the liver.

Altered blood flow anomalies result in a
number of artifacts during arterial portography.
Inhomogeneous perfusion is most common
near the porta hepatis, falciform ligament, and
gallbladder. Perfusion defects can either resem-
ble a neoplasm or even mask the presence of
one. A liver zebra pattern, consisting of alter-
nating regions of hyper- and hypoperfusion,



295

LIVER

is identified in some patients, regardless of
whether the splenic artery or superior mesen-
teric artery is injected.

Computed tomography arterial portography
is an invasive procedure and was more in vogue
during the 1990s. It has a high sensitivity for
detecting lesions but a low specificity for diag-
nosis due to numerous false-positive findings.
Currently, it is gradually being supplanted by
other advances in CT and magnetic resonance
(MR) technology.

Computed Tomography 
Hepatic Arteriography

Computed tomography hepatic arteriography
consists of contrast injected through a catheter
placed in the hepatic artery and arterial phase
images obtained. Tumors having primarily an
arterial blood supply are thus enhanced com-
pared to liver parenchyma, which obtains a
large part of its blood supply from the portal
vein. This technique is also prone to artifacts
because liver parenchyma tends not to enhance
homogeneously, mostly due to blood supply
anomalies. These artifacts (often called pseudo-
lesions), especially around the gallbladder 
fossa, can be minimized by first injecting
prostaglandin into the superior mesenteric
artery (1).

An additional refinement is combined CT
arterial portography and CT hepatic angiogra-
phy in an attempt to improve lesion detection.

Contrast Agents

A biphasic CT study typically consists of con-
tinuous IV injection of 60 to 200 mL of a con-
trast agent at a rate of up to 5 mL per second.
In general, a uniphasic injection is superior to
biphasic injection. The degree of liver enhance-
ment depends on the amount of iodine deliv-
ered. Ionic and nonionic contrast agents provide
the same degree of contrast enhancement. The
nonionic agents, however, are associated with
less patient discomfort, fewer motion artifacts,
and fewer side effects, and are preferred over
ionic agents, especially for more complex exam-
inations such as 3D reconstruction where min-
imizing patient motion is paramount.

Portal venous blood flow increases after a
meal. Thus an indirect method of increasing
liver CT portal contrast enhancement would be

to perform a study shortly after a meal, but this
adds further complexity.

How common is hepatobiliary excretion 
of vascular contrast media? Functioning 
hepatocytes excrete small amounts of contrast 
material into the biliary system. Several-hour
delayed images obtained after arterial portog-
raphy result in enhancement of normal liver
parenchyma; non–iodine-excreting neoplasms
tend to appear hypodense. Gallbladder opacifi-
cation is occasionally seen after CT angiography
in patients with cirrhosis or other liver disease.

The use of iodized oil during CT is essentially
limited to the study of hepatocellular car-
cinomas, and this topic is covered later (see
Hepatocellular Carcinoma).

Ultrasonography
Conventional (Gray Scale)

Most ultrasonography (US) imaging consists 
of real-time, gray-scale, B-mode display, with
the reflected signal amplitude displayed as a
variation in brightness. This technique is
referred to as gray-scale US or simply as US 
to distinguish it from Doppler US. The trans-
ducer is most often in contact with a patient’s
skin (conventional US), although it can be
placed in body cavities (endoluminal US) either
directly or endoscopically (endoscopic US or
endosonography).

As with CT and MR, it is hoped that contin-
ued advances in US equipment design will lead
to more accurate diagnoses. For instance, the
introduction of tissue and contrast harmonic
imaging with stimulated acoustic emission has
resulted in clearer images and improved tumor
detection compared to more conventional US.

One novel approach is the use of two fre-
quencies. Preliminary data suggest that metas-
tases have an increase in contrast-to-noise
ratios at higher frequencies, in distinction to
hemangiomas, which have a decreased ratio.

Intraoperative

Special transducers are available for laparo-
scopic US. Introduced through a 10-mm laparo-
scopic port, a flexible transducer tip allows
contact with the curved liver surface. The often-
used 7-MHz transducer provides only limited
penetration of the liver; a 5-MHz transducer
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gives more complete coverage of a large organ
such as the liver.

However, intraoperative US does have its
detractors; one study found preoperative MRI to
be almost as sensitive as intraoperative US in
depicting liver tumors (2); intraoperative US
altered surgery in only 4% of patients.

A current limitation of laparoscopic US is the
considerable time required for a complete liver
scan. Nevertheless, in selected patients laparo-
scopic US will detect small suspicious intra-
hepatic tumors and, if needed, provide biopsy
guidance and influence surgery.

Doppler

Doppler US is readily performed at the patient’s
bedside. Its primary value in the liver is in 
quantifying blood flow and detecting vascular
lesions. Doppler US evaluates portal and hepatic
venous systems for hypertension, obstruction,
and presence of collaterals, and provides relative
flow information in individual blood vessels.
Each normal major hepatic vessel has a charac-
teristic Doppler waveform.

Color Doppler US uses color to display a
target frequency shift. Power Doppler US pro-
vides amplitude of the Doppler signal; it does
not provide velocity information, but it is more
sensitive in detecting flow in more structures
than color Doppler US and is more sensitive and
accurate in detecting tumor vascularity. One
limitation of Doppler US is data reproducibility.
A number of studies have documented
significant interobserver and inter-equipment
variability, although training does decrease the
former.

Contrast Agents

Some authors use the term ultrasound angiog-
raphy to describe contrast enhanced US.

The intravenous US contrast agent, Levovist
(Schering, Berlin, Germany), consists of a sus-
pension of micrometer-sized particles of galac-
tose and gas bubbles. This agent passes readily
through the lungs and enhances vascular signal
intensity. Contrast-specific US techniques, such
as phase or pulse inversion, are necessary; using
this contrast agent with phase inversion 
harmonic mode US, normal liver parenchyma
becomes hyperechoic; in most patients liver
enhancement is sufficiently prolonged to allow
lesion detection. Compared to conventional B-

mode US, tumor conspicuity is improved and
smaller tumors are detected and tumor charac-
terization and overall diagnostic performance
are significantly improved (3). Imaging can be
performed during arterial (10–40 sec after in-
jection), portal venous (50–90 sec) and late
(>100 sec) phases. Late-phase uptake of Levovist
differs in different types of liver tumors; malig-
nancies are mostly hypoechoic, uptake in
hemangiomas is variable, and benign tumors
are mostly hyper- or isoechoic relative to liver
parenchyma (4), differences aiding in separat-
ing benign tumors from malignancies.

Perflenapent emulsion (EchoGen, Sonus
Pharmaceuticals, Bethell, WA), an intravascular
US contrast agent, also provides liver parenchy-
mal contrast enhancement (5).

A liver enhancing US contrast agent consists
of direct injection of CO2 into the proper hepatic
artery during arteriography (6); such a tech-
nique helps detect additional liver tumors
during percutaneous ethanol therapy.

Magnetic Resonance Imaging
If a prediction is to be made based on theoreti-
cal considerations, MRI appears virtually
certain to achieve future status as the dominant
abdominal imaging modality, especially when
investigating a specific problem. It loses some 
of its advantages to CT if a multiorgan screen-
ing study is required. The development of
open high-field strength magnets and a simpler
design should make MRI more readily available.
Open MRI systems have obvious advantages,
but their current limitation is a low field
strength. Whether imaging with 3T (tesla) units
will justify their extra complexity remains to be
established. New techniques are necessary with
3T imaging—tissue relaxation times differ at 
3.0 T than at lower magnet strengths. Proton 
MR spectroscopy, including 3D MR spectro-
scopic imaging, shows promise but currently is
mostly a research tool. Magnetic resonance
spectroscopy using phosphorus 31 evaluates
changes in phosphorus-containing liver meta-
bolites and provides data on liver function.
Although clinically useful in evaluating certain
diseases, discussion of MR spectroscopy is
beyond the scope of this work.

The discipline of MR interventional imaging
is just beginning to be applied to clinical 
practice.
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Technique

An extensive literature exists comparing various
MRI sequences in their detection of specific
liver abnormalities. No universal set of se-
quences has emerged as an optimal study for
liver disease. Optimal MR sequences for liver
imaging are constantly changing and are not
covered in this work. New hardware and 
software developments lead to new optimal
sequences, making it difficult to generalize
about specific techniques. Differences in equip-
ment design between various manufacturers
make comparison of some sequences moot.
Thus a finding that a particular set of sequences
produces better resolution images or detects
more focal lesions in a shorter period of time is
useful information, but may not apply to other
units using different imaging parameters. Even
with a similar MR unit, variations in repetition
time, echo time, and acquisition time change the
resultant information acquired.

One limitation of liver MRI, evident mostly
with older units, is motion. A major decrease 
in motion artifacts is achieved when the scan
acquisition time is shorter than a patient’s
breath hold. Advances in MR coil design and the
use of fast spin-echo pulse sequences designed
to achieve short scan acquisition times 
minimize motion artifacts due to respiration
and peristalsis, and yield high-resolution
images.

Most liver MR studies include both T1- 
and T2-weighted sequences and a contrast-
enhanced sequence. In general, T1 sequences
provide better anatomic orientation and lesion
detection, but T2 sequences are superior for
lesion characterization. An occasional lesion is
identified with one but not the other sequence.
A hyperintense signal on T1-weighted images is
not specific for any disorder and is seen with
such entities as fat, proteins, blood (hematoma),
melanin, and contrast agents such as gadolin-
ium. T2-weighted sequences result in a hyper-
intense signal from tissue containing increased
amounts of fluid and a hypointense signal from
fibrotic tissue. Iron results in a very hypointense
signal on T2-weighted sequences.

Fast low-angle shot (FLASH) is a type of
spoiled gradient-recalled echo (GRE) technique
allowing the entire liver to be covered in a single
breath-hold, thus reducing motion artifacts.
Blood vessels appear as a signal void. This tech-

nique is useful in dynamic contrast-enhanced
imaging.

Abnormal fluid or tissue is best identified if
its MR signal intensity differs as much as possi-
ble from adjacent normal tissue; to some extent
these signal intensity differences can be manip-
ulated to achieve a desired result. For example,
abnormal fluid and fibrotic tissue normally have
a low T1-weighted signal intensity and are thus
best identified against the normally high T1-
weighted signal intensity of adjacent fat. On the
other hand, a hematoma, which most often has
a high T1-weighted signal intensity, is better
identified if, using a fat-suppression technique,
fat is made to have a low T1-weighted signal
intensity. Similar image manipulation is also
useful with T2-weighted images.

The definition of precontrast MRI (occasion-
ally called native phase MRI) is clear, as are con-
trast-enhanced MRI and postcontrast MRI. MR
angiography (MRA) implies that images are
obtained sometime after intravenous contrast
injection, but a more basic definition of MRA is
a study using MR images sensitive to flowing
blood, and thus MRA does not necessarily
require the use of a contrast agent. Dynamic
MRI implies that serial postcontrast images 
are obtained during specific arterial, capillary
(parenchymal), portal venous, and delayed
phases, but not necessarily all phases are imaged
in any one study. Some authors use the terms
dynamic MRI and MRA even when only the
arterial phase is imaged. In the liver, postcon-
trast MR often implies MRI during portal
venous or delayed phases unless a specific other
postcontrast injection phase is identified.

Intravenous contrast is used with MRI for the
same reasons as with CT: it improves lesion
detection and characterization compared with
precontrast images. Nevertheless, many lesions
<1 cm, regardless of histology, tend to have 
a similar MR contrast enhancement pattern.
Breath-hold 3D MRA also aids lesion localiza-
tion within specific liver segments.

Useful vascular contrast agents increase liver
parenchyma-to-lesion signal intensity differ-
ences by their different effect on tissue proton
relaxation. These differences vary with time and
depend on the degree of tumor vascularity.
One common technique consists of a rapid 
IV gadolinium contrast injection followed by
several T1-weighted spoiled gradient echo
(SGE) sequences, such as an arterial sequence



298

ADVANCED IMAGING OF THE ABDOMEN

and a venous or interstitial sequence. Because
most malignant liver neoplasms are supplied
primarily by the hepatic artery, arterial (and
capillary) phase images are more useful in 
this clinical setting than delayed images.
Vessels and vascular tumors are also often best
evaluated on early (capillary phase) contrast-
enhanced images.

Contrast Agents

Magnetic resonance imaging contrast agents
useful in the liver are classified into four broad
categories:

1. Gadolinium chelates (extracellular agents)
2. Macrophage-monocytic phagocytic sys-

tem agents
3. Primarily hepatobiliary agents (intracellu-

lar agents)
4. Blood-pool agents

Some contrast agents overlap between cate-
gories. For instance, primarily hepatobiliary
agents have an initial extracellular distribution;
gadobenate dimeglumine (Gd-BOPTA) has dual
contrast agent characteristics—it is both a non-
specific and a hepatobiliary agent.

All currently available MR contrast agents
shorten tissue T1 and T2 relaxation times. The
paramagnetic gadolinium and manganese 
contrast agents primarily shorten T1 and 
thus increase signal intensity of normal liver
parenchyma on T1-weighted images; the super-
paramagnetic iron oxides shorten T2 and thus
decrease signal intensity on T2-weighted
images.While these metal ions are efficient, they
are rather toxic and are thus chelated to other
small molecular weight structures such as
diethylenetriamine pentaacetic acid (DTPA) to
reduce their toxicity.

The above four categories can be described as
follows:

1. Nonspecific extracellular gadolinium
chelates are currently the most often used
MR contrast agents. The gadolinium
feature most useful in MRI is its T1-
shortening time and thus increased signal
intensity on T1-weighted images. Typically
these agents are injected as a bolus and
equilibrate with the extracellular (intersti-
tial) space shortly after injection; as a
result, liver lesions become isointense to
liver on delayed views and thus to take 

full advantage of these contrast agents,
dynamic imaging must be performed
shortly after contrast injection (arterial
phase to portal venous phase). After IV
injection, their biodistribution is similar to
that of iodine-containing contrast agents.

Gadolinium chelates have a much lower
adverse contrast reaction rate than iodi-
nated contrast agents, but anaphylactic
reactions and cardiopulmonary arrests,
including fatal ones, do occur. These agents
are excreted by glomerular filtration 
but at the low doses used do not manifest
iodinated agent’s nephrotoxicity.

2. Larger size superparamagnetic iron oxide
(SPIO) particles are taken up by liver
endothelial and Kupffer cells and result,
among other effects, in a decrease in retic-
uloendothelial system (RES) enhancement
on T2-weighted images. Ferumoxides is a
commonly used SPIO agent consisting of
a colloidal mixture of ferrous and ferric
oxide. Because some well-differentiated
tumors and normal liver contain RES cells
and thus take up iron oxide particles, they
show a considerable but similar signal 
loss and overall appearance, but tissues
lacking RES cells, such as metastases, have
little or no signal loss and thus appear
hyperintense to the resultant hypointense
normal RES-containing liver parenchyma.
Normal liver signal intensity decreases and
lesion-to-liver contrast ratio increases on
T2-weighted images post-SPIO adminis-
tration; as a result, not only are known
tumors better identified, but, compared to
unenhanced MR sequences, additional
tumors are detected. These SPIO effects
differ considerably among various tumors,
suggesting an ability to achieve tissue
characterization of different focal tumors.
The SPIO enhancement is impaired in 
a setting of diffuse liver disease. These
agents have a longer intravascular half-life
than gadolinium chelates. Their role in
clinical imaging is not yet fully defined,
but, as mentioned, they are useful in dif-
ferentiating some benign from malignant
tumors. A disadvantage is that the use of
SPIO is time-consuming and involves an
increased rate of false positive findings.

3. Several hepatobiliary specific paramag-
netic contrast agents, such as Gd-
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(EOB)-DTPA and Gd-BOPTA initially act
as extracellular agents and then undergo
hepatocyte uptake. They are eliminated
both by biliary and renal pathways. Gd-
EOB-DTPA provides a biliary excretion
rate of about 50% of the injected dose. Only
several percent of Gd-BOPTA is taken up
by hepatocytes; however, it has a high
relaxivity and results in a prolonged
increase in liver signal intensity. Man-
ganese-DPDP is a hepatobiliary-specific
paramagnetic contrast agent having an
effect lasting for several hours. Thus
delayed imaging is feasible. It also has a
role in pancreatic imaging.

On T1-weighted images these agents se-
lectively enhance both normal liver paren-
chyma and such hepatocyte-containing
tumors as focal nodular hyperplasia, regen-
erative nodules, and hepatocellular adeno-
mas and carcinomas, but show little or 
no enhancement of metastases or heman-
giomas. One exception is metastatic neuro-
endocrine tumors—an occasional one 
will enhance with Mn-DPDP. For the 
vast majority of tumors, however, these
hepatobiliary agents differentiate between
hepatocyte-containing and nonhepatocyte-
containing tumors, and thus are useful in
differentiating hepatocellular carcinomas
from metastases, with nonhepatocyte-
origin metastases becoming more conspic-
uous due to the increased signal from
surrounding normal liver parenchyma.
Duration of liver parenchymal enhance-
ment varies, being up to several hours for
some. Both early and delayed scans are
useful as these agents are excreted by the
biliary tract. One use is during MR-guided
thermal tumor ablation procedures when
prolonged tumor visualization is desired
(7); Mn-DPDP identifies more focal tumors
both in cirrhotic and noncirrhotic livers
than precontrast images. Excretion of man-
ganese is decreased in a setting of biliary
stasis, and thus the use of this agent in
cholangiography is limited, but it appears
useful for defining intrahepatic biliary
anatomic variants, such as in pretransplan-
tation liver lobe donors. Its diagnostic
impact is not yet clear.

4. Ultrasmall SPIO particles, unlike most MR
contrast agents, shorten both T1 and T2
relaxation times. These agents have a blood

half-life measured in hours and thus
appear useful as blood-pool MR contrast
agents. Small iron oxide particles (<10 nm)
pass through capillaries and eventually are
taken up by lymph nodes and thus are also
called MR lymphographic agents. Feru-
moxtran consists of dextran-coated iron
oxide particles about 30 nm in size. After
IV injection, ferumoxtran is taken up by
liver, spleen, and lymph node reticuloen-
dothelial cells and results in a homoge-
neous loss of signal in these structures. In
distinction to gadolinium where pre- and
postcontrast images can be obtained at the
same session, post-ferumoxtran scans are
obtained roughly 1 day after contrast injec-
tion, and thus two scanning sessions are
required.

This class of contrast agents potentially
aids in differentiating highly vascular
lesions, such as hemangiomas, from solid
neoplasms. Traditional MRA is not feasible
with these agents. Some of these blood-
pool agents reduce intravascular T1 values
for several hours, and thus appear useful
for MR angiographic interventional proce-
dures without the need for repeat contrast
injection. They have their own problems
such as superimposition of arterial and
venous structures, possibly solved by more
extensive 3D imaging.

Refinements in MR contrast agent use
include a combination of two such agents.
Thus by combining information about RES
status obtained with a superparamagnetic
iron oxide agent with the perfusion data of
a gadolinium chelate agent, more specific
information is obtained about some liver
tumors than with a single agent alone.

Serum levels of patients on hemodialy-
sis show that about 80% of gadolinium is
dialyzed after the first and essentially all
after the fourth dialysis; no contraindica-
tions exist to normal-dose contrast use in
these patients.

Scintigraphy
The primary role of liver scintigraphy is to
provide tissue characterization. Scintigraphy
relies primarily on specific physiologic and bio-
chemical properties of a lesion as compared to
normal liver parenchyma. For focal liver disease
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scintigraphy aids primarily in narrowing a dif-
ferential diagnosis.

Radiopharmaceutical Agents

Currently two main types of radiopharmaceuti-
cal agents are used in hepatobiliary imaging;
both rely on labeling with technetium-99m 
(Tc-99m):

1. The iminodiacetic acid (IDA) derivatives
evaluate hepatocyte function and patency
of the bile ducts. These lipophilic radio-
pharmaceuticals are extracted from blood
by hepatocytes, excreted into bile, and thus
outline the gallbladder and bile ducts and
eventually flow into the intestine. Urinary
excretion is minimal if liver function is
reasonably intact. In contrast to bilirubin,
the IDA compounds are excreted without
being conjugated. Bilirubin, however, com-
petes with IDA derivatives for hepatocyte
receptor binding sites and excretion path-
ways, and there is poor image quality in a
setting of hyperbilirubinemia.

The IDA radiopharmaceuticals are
useful in infants and children in evaluating
neonatal jaundice, trauma, and complica-
tions developing after transplantation.

2. Colloid particles—sulfur colloid and
albumin colloid—are taken up by reticu-
loendothelial cells, with most of these
being in the liver, about 5% to 10% in 
the spleen, and smaller amounts in bone
marrow. The particles are permanently
deposited in the liver. Nonvisualization 
of the liver with Tc-99m–sulfur colloid
scintigraphy is uncommon, occurring in
severe acute hepatitis and similar diffuse
parenchymal disorders.

Several additional agents are occasionally
useful in liver imaging:

1. Tc-99m–labeled red blood cells study
blood-pool distribution and aid in diag-
nosing cavernous hemangiomas.

2. After inhalation, fat-soluble xenon 133
accumulates in fatty liver tissue. Although
xenon-133 scintigraphy appears theoreti-
cally worthwhile in evaluating question-
able fatty infiltration, clinical application
has been controversial.

3. Gallium 67 citrate is useful in abscess
detection. Its value in liver abscesses is
compromised by uptake in normal liver
tissue. It is also taken up by some hepato-
cellular carcinomas, lymphomas, and
metastases.

4. Normally Tc-99m–methylene diphospho-
nate (MDP) is used for bone scintigraphy
and not liver. After IV iron therapy some
patients have liver uptake of Tc-99m-MDP,
presumably due to phagocytosed iron
within hepatic reticuloendothelial cells.

Positron Emission Tomography

Positron emission tomography (PET) is useful
for detecting early primary and metastatic liver
tumors and in staging. The information
obtained with PET differs from other imaging
modalities: PET images metabolic activity (i.e.,
uptake of a specific radioisotope), rather than
providing an anatomic roadmap. The primary
advantage of PET is that abnormal metabolic
activity is often detected before anatomic
changes are evident. In clinical practice,
however, PET provides complementary infor-
mation to more conventional imaging.

Two types of PET-based systems are used:
dedicated PET and single photon emission com-
puted tomography (SPECT). The basic princi-
ples underlying PET and SPECT are similar: a
positron emitted by a radionuclide interacts
with an electron, the resultant annihilation reac-
tion produces two 511-keV photons in opposite
directions and imaging detectors placed oppo-
site to each other then detect these photons. In
a dedicated PET system the detectors are fixed
in position; with SPECT the detectors rotate
around the body. Positron emission tomogra-
phy imaging is faster and provides higher
quality images than SPECT but at considerably
higher cost. Rather than being dedicated to a
particular type of study, a SPECT system is 
also useful for other nuclear medicine imaging.
Both 2D and 3D PET systems are available.
Fused PET/CT units combine functional with
anatomic information.

Positron emission tomography is based pri-
marily on an increased uptake of glucose by
cancer cells; thus it depends on presence of
viable tumor cells. A high uptake of fluorine-
18–labeled fluorodeoxyglucose (FDG) is evident
in numerous neoplasms, and this agent is most
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often employed clinically; PET-FDG imaging
detects not only liver tumors but also tumor
recurrence at primary sites. Whole-body
imaging is readily performed. False-positive
uptake is by brain, cardiac muscle, and
inflammatory cells. FDG uptake is decreased in
a setting of hyperglycemia due to competition
with unlabeled glucose. FDG is excreted by
kidneys and pools in the bladder, thus limiting
its use in the pelvis.

For certain applications, 18F-fluoromethyl-
choline is more advantageous than FDG.
Fluorine-18 labeled a-methyl tyrosine (FMT) is
a less often employed PET tracer. Although pre-
liminary results indicate that, compared with
FDG, FMT liver uptake is less, differences in
uptake between benign and malignant tumors
are significantly greater with FMT-PET (8).

Monoclonal Antibody

Both preoperative and intraoperative probe
scintimetry are potential monoclonal antibody
techniques.

A radiotracer-labeled monoclonal antibody
designed against a specific neoplasm should
potentially improve tumor detection. The anti-
body Tc-99m–anti–carcinoembryonic antigen
(CEA) is available for the study of colon cancer
metastases to the liver. This antibody is also
taken up by normal liver parenchyma, thus 
limiting tumor detection.

Angiography
Conventional angiography and digital subtrac-
tion angiography (DSA) are well-established
techniques generally requiring multiple con-
trast injections and multiple views to outline
liver vascular anatomy.

Digital rotational subtraction angiography
consists of rotating an X-ray tube around the
patient during contrast injection, with resulting
3D images providing easier visualization of the
course and direction of major vessels and their
branches than is feasible with conventional 2D
imaging.

Biopsy
Most liver biopsies are performed at the bedside
and do not require imaging. Whether laparo-
scopic liver biopsy has any advantages is un-

certain, except possibly in the patient with mild-
to-moderate coagulation abnormalities where a
fibrin plug at the biopsy site may decrease
bleeding.

Imaging is helpful when tissue from a specific
focal tumor is desired. The choice of imaging
used varies; US is more common in Europe and
Japan, while CT is more often preferred in the
United States, although considerable local vari-
ation exists.

Ultrasonography-guided liver biopsies are
performed on an outpatient basis, with pati-
ents generally discharged after an observation
period. These biopsies achieve a sensitivity of
over 90% and specificity of 100%; false-negative
results are more common in cirrhotic nodules.

Magnetic resonance–guided liver biopsies are
feasible and are most useful when a tumor is
identified by MRI but not CT or US or if other
image-guided biopsies are incomplete. Mag-
netic resonance–compatible needles are avail-
able.An 18-gauge needle provides enough tissue
for diagnosis with few complications. From a
pathologist’s viewpoint, most diagnostic dilem-
mas with aspiration biopsies occur with well-
differentiated hepatocellular neoplasms and
with rare tumors.

Transjugular or transfemoral liver biopsy 
is performed in a setting of coagulopathy 
or ascites. Use of combined fluoroscopic and US
guidance during biopsy improves visualization,
increases operator confidence and is advanta-
geous in smaller patients and in children (9).
Several studies have achieved a histopathologic
diagnosis in over 95% using either 18- or 19-
gauge transjugular biopsy needles. An occa-
sional such biopsy contains unusual tissue, such
as duodenal mucosa or renal tissue.

Wedge-shaped transient subsegmental
parenchymal enhancement is occasionally
found along the needle tract on postbiopsy CT;
subsegmental arterioportal shunting is respon-
sible for this finding.

Complications of transjugular liver biopsy
include an occasional subcapsular hematoma,
intrahepatic arteriovenous fistula, liver capsule
puncture, hemobilia, and those complications
related to the neck puncture site (Fig. 7.1). Com-
plications occur both with percutaneous and
laparoscopically guided liver biopsies.

Percutaneous biopsy complication rate ap-
pears to be less if US provides guidance. The
presence of perihepatic ascites does not appear
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to affect either major of minor complication
rates. Hemobilia is not uncommon after a per-
cutaneous biopsy, and postbiopsy hemobilia is a
rare cause of pancreatitis, cholecystitis, or even
portal vein thrombosis. Infective complications
include a liver abscess and peritonitis.

Malignant needle tract and abdominal wall
implantation are known biopsy complications,
found in up to 2% of biopsies. Abdominal 
wall implantations have also developed after
drainage of a cancer-associated abscess, tran-
shepatic bile drainage in a setting of a hilar
cholangiocarcinoma, and laparoscopic chole-
cystectomy in patients with unsuspected gall-
bladder cancer.

Congenital Abnormalities
Some congenital abnormalities manifest pri-
marily through liver parenchymal damage while
others lead to cholestasis and suggest a biliary
anomaly; these latter ones are covered in
Chapter 8.

Some errors of metabolism, such as hemo-
chromatosis, manifest primarily in adulthood;
they are discussed later (see Metabolic and
Related Disorders).

Situs Inversus
With situs inversus, the liver is located in the left
upper quadrant. It is more midline in location

than usual in the heterotaxic syndromes; this
includes both asplenia and polysplenia.

Although rare, hepatolithiasis can develop in
a setting of situs inversus.

Lobe Atresia/Agenesis
Agenesis of the right lobe and associated portal
hypertension are not common. Presumably
growth arrest develops during fetal life. At times
lobe agenesis is associated with other anomalies
such as an ectopic gallbladder, aberrant hemi-
diaphragm, hammock stomach appearance,
and Chilaiditi’s syndrome. Congenital absence
of a lobe can be associated with fibrosis.

Not all apparent absences of the right lobe are
due to agenesis and agenesis of a hepatic duct
should be differentiated from lobe atresia.
Grossly, a similar appearance is seen in cirrho-
sis, malignant infiltration, or previous surgical
resection. Likewise, lobar agenesis should not be
confused with lobar atrophy. In lobe agenesis
the right portal vein, hepatic duct, and hepatic
vein are not present, but these structures are
identified in an atrophied lobe (Figs. 7.2 and
7.3). Lobar atrophy is often associated with
biliary obstruction. A hypoplastic right lobe can
be associated with a retrohepatic gallbladder.

Accessory Lobe
Accessory liver lobes are not uncommon.
Torsion of an accessory lobe can lead to 

Figure 7.1. Postbiopsy arterioportal fistula. A: Computed tomography (CT) during hepatic artery phase reveals contrast in aorta and
right anterior portal vein (arrow). B: Maximum intensity projection also during hepatic artery phase shows hepatic artery (arrow-
head) and right portal vein branches (arrow). (Source: Gallego C, Velasco M, Marcuello P, Tejedor D, De Campo L, Friera A. Congenital
and acquired anomalies of the portal venous system. RadioGraphics 2002;22:141–159, with permission from the Radiological Society
of North America.)
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volvulus and an acute abdomen, even in 
infants.

Glycogen Storage Disease
A number of glycogen storage diseases (GSDs)
have been described, with several involved in
overt liver abnormalities (Table 7.1). Some
define a group of disorders that have been sub-
sequently subdivided into subtypes. Most have
an autosomal-recessive inheritance.

Type I (von Gierke’s disease) is the most
common and involves a defect in the microso-
mal glucose-6-phosphatase system, which con-
trols glucose homeostasis. In neonates with type
I disease, glycogen is deposited in hepatocytes
and eventual hepatomegaly develops. Imaging
reveals diffuse fatty infiltration. Some patients
with type I disease develop focal nodular
hyperplasia, with almost half of these patients
having had a previous portacaval shunt. Surviv-
ing patients with type I (and, less often, type III)

Figure 7.2. Right lobe atrophy.Two views from contrast-enhanced CT reveal (A) posteriorly located gallbladder,a dilated right hepatic
duct (arrow), and an atrophied right portal vein (arrowhead), and (B) left lobe hypertrophy. (Source: Gallego C, Velasco M, Marcuello
P, Tejedor D, De Campo L, Friera A. Congenital and acquired anomalies of the portal venous system. RadioGraphics 2002;22:141–159,
with permission from the Radiological Society of North America.)

A B

Figure 7.3. Left lobe atrophy. A,B: Views from contrast-enhanced CT reveal an atrophic left portal vein and absent left lobe. (Source:
Gallego C, Velasco M, Marcuello P, Tejedor D, De Campo L, Friera A. Congenital and acquired anomalies of the portal venous system.
RadioGraphics 2002;22:141–159, with permission from the Radiological Society of North America.)
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disease are prone to developing hepatocellular
adenomas, with an occasional one progressing
to hepatocellular carcinoma; one recommenda-
tion is that serum a-fetoprotein levels and
yearly US be obtained in these patients.

Some of these patients undergo a portocaval
shunt. Liver transplantation is an option in some
with type Ia disease. In teenagers, transplanta-
tion restores normal metabolic balance, pro-
vides a growth spurt, and improves overall
quality of life; liver transplantation does not,
however, prevent focal glomerulosclerosis that
is part of type Ia disease.

Type IV disease usually progresses rapidly,
with death before 4 years of age, although a mild
variant is seen in adults as a myopathy. Some of
these infants undergo liver transplantation.

Computed tomography findings in patients
with glycogen storage disease vary depending
on activity. Glycogen deposition leads to a
hyperdense liver, although associated steatosis
often modifies the appearance. Once cirrhosis
and hepatosplenomegaly develop, US reveals a
hyperechoic liver.

13C MR spectroscopy using a whole-body MR
is a noninvasive test for determining liver glyco-
gen content.

Tyrosinemia
Tyrosinemia leads to progressive hepatocyte
damage and regeneration, with surviving chil-
dren developing dysplastic nodules and sub-
sequent hepatocellular carcinoma. Imaging
cannot reliably differentiate between regenerat-
ing nodules and neoplasms and, as a result, liver
transplantation is recommended early in the
course of this condition.

a1-Antitrypsin Deficiency
a1-Antitrypsin is a glycoprotein found in body
fluids, serving mostly an inhibitory function.
Some newborns manifest with cholestasis,
which gradually clears. Some children with a
homozygous deficiency develop chronic liver
disease, which gradually progresses to liver
failure and death, often by adolescence.
Some adult cirrhotics have a1-antitrypsin
deficiency, but the relationship is unclear. Some
of these patients mimic hemochromatosis
patients.
a1-ntitrypsin levels become normal after liver

transplantation.

Wilson’s Disease
Wilson’s disease is an autosomal-recessive dis-
order of copper metabolism affecting approxi-
mately 5 persons per million. The primary
defect is in the liver and results in copper accu-
mulation within liver parenchyma and other
structures.

A brief digression into copper metabolism is
in order. Copper is found in two forms in the
human body: Cu+ and Cu2+. Cu+ is diamagnetic
and normal amounts do not affect MR signals.
Cu2+ is paramagnetic and decreases both T1 and
T2 signals. Most normal liver copper is bound
to metallothionein and is Cu+ and thus not
paramagnetic, but evidence suggests that some
oxidation to Cu2+ takes place, although the
precise mechanisms in normal liver and tumors
are poorly understood. Copper in hepatocellu-
lar carcinomas also appears to be bound to met-
allothionein. Distribution of copper does not
correlate with intensity on T1-weighted images,

Table 7.1. Types of glycogen storage diseases

Type Disease Deficiency Primary site/abnormality

I von Gierke’s Glucose-6–phosphatase system Liver
Ia Glucose-6–phosphatase deficiency Liver, kidney
Ib Glucose-6–phosphate transport
Ic Pyrophosphate/phosphate transport
II Pompe’s Acid maltase deficiency Myopathy
III Forbes-Cori’s Glycogen debranching enzyme Liver, myopathy
IV Andersen’s Branching enzyme Myopathy, liver
V McArdle’s Myophosphorylase Myopathy
VI Hers Hepatic phosphorylase Liver
VII Tarui’s Muscle phosphofructokinase Myopathy
VIII Phosphorylase kinase Liver, central nervous system
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and the paramagnetic effect of divalent copper
accumulation is insufficient to affect results.

Clinically, Wilson’s disease is defined by
several stages. First, asymptomatic copper accu-
mulates within the liver, the liver enlarges, and
steatosis develops. Next, copper is redistributed
throughout the body and hepatocellular necro-
sis, fibrosis, and hemolysis ensue. Progression to
cirrhosis leads to liver atrophy, while accumula-
tion of copper in body tissues results in neuro-
logic damage, at times irreversible.

Initially, either hepatic or neurologic findings
tend to predominate. Fulminant hepatic failure,
even in a child, is an occasional initial presenta-
tion. Copper levels in serum, urine, and liver
tissue suggest the diagnosis. The ceruloplasmin
level is low.

If detected sufficiently early, the use of che-
lating agents prevents copper overload and
achieves homeostasis. When diagnosed later in
its course, chelating agents may slow progres-
sion. When fulminant or advanced and the
patient does not respond to conventional
therapy, orthotopic liver transplantation is an
option, realizing that liver transplantation only
partially corrects the metabolic defect by con-
verting a homozygous disease into a heterozy-
gote condition.

In most Wilson’s disease patients imaging
studies are noncontributory. Some children
with Wilson’s disease and cirrhosis have marked
hepatosplenomegaly and imaging evidence of
portal hypertension. Although liver CT attenua-
tion is mildly increased in many adults,
sufficient overlap with normal livers makes this
finding of limited use.

Imaging in one patient with Wilson’s disease
revealed multiple, small, enhancing nodules
during the early arterial phase (10); biopsy
identified dysplastic nodules.

Not all elevated hepatic copper levels in 
children represent Wilson’s disease. An Indian
childhood cirrhosis associated with excess
copper ingestion exists. Excess copper ingestion
in an occasional non-Indian child leads to cir-
rhosis, liver failure, and increased liver copper
levels.

Gaucher’s Disease
Gaucher’s disease, an autosomal-recessive 
condition, is discussed in more detail in Chapter
15.

Hepatomegaly is common in patients with
type 1 Gaucher’s disease, at times progressing 
to massive hepatic fibrosis and portal hyper-
tension. Focal intrahepatic tumors develop in
some; these are hypointense on T1- and hyper-
intense on T2-weighted MR images.

Technetium-99m–red blood cell SPECT
imaging in a patient with Gaucher’s disease
revealed an appearance similar to that seen 
with a hemangioma, believed to be secondary 
to focal intrahepatic extramedullary hema-
topoiesis (11).

Niemann-Pick Disease
Niemann-Pick disease is a metabolic disorder
that progresses to cirrhosis. Some of these chil-
dren develop a hepatocellular carcinoma.

Sickle Cell Disease
Although uncommon, intrahepatic cholestasis
does occur in sickle cell disease. These patients
develop hepatomegaly, hyperbilirubinemia,
coagulopathy, and, on rare occasion, acute liver
failure. Exchange transfusion appears to be
effective therapy.

These patients do not have excess iron
absorption, and MR does not reveal excess liver
iron. After blood transfusions, however, iron 
in organs containing reticuloendothelial cells
results in low T2 signal intensity.

Polycystic Diseases
Autosomal Dominant

Although renal involvement in patients with
adult polycystic disease leads to progressive loss
of renal tissue, this does not hold true in the
liver; liver function tends to remain normal in
most individuals until late in the disease. In 
distinction to autosomal-recessive congenital
hepatic fibrosis, little fibrosis is evident in this
entity. Of note is that in some patients adult
polycystic disease mostly spares the kidneys
and primarily involves the liver. In this pati-
ent population the differential diagnosis also
includes rare cystic neuroendocrine or gyneco-
logic metastases.

Dilated small bile ducts surrounded by
fibrous stroma, called von Meyenburg com-
plexes, are common in patients with adult 
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polycystic disease. A majority of patients with
sufficient polycystic renal involvement requir-
ing transplantation also have hepatic cysts, and
in an occasional postrenal transplant patient
symptomatic liver cystic disease is the primarily
cause of death.

Clinical findings consist of abdominal pain,
ascites, or leg edema.

Marked hepatomegaly develops, with CT
showing multiple homogeneous, hypodense,
variable-size cysts scattered throughout the
liver (Fig. 7.4). The remaining parenchyma is
compressed by these cysts, which in some
patients replace most of the liver parenchyma.
No wall or cyst enhancement is evident 
postcontrast.

As expected, these cysts are hypointense on
T1- and homogeneously hyperintense on T2-
weighted MR images. They do not enhance
postcontrast. Intracyst hemorrhage varies their
appearance even to the point of suggesting a
neoplasm. An occasional patient presents with
an elevated a-fetoprotein level, suggesting a
hepatocellular carcinoma.

These cysts can become infected. Indium 111
leukocyte scintigraphy aids in localizing such
an infected cyst.

Some of these patients develop sufficient
symptoms to require surgical intervention.
Either cyst fenestration or partial hepatic resec-
tion is a viable option. Aspirated fluid cytology
and cyst wall biopsy to exclude a neoplasm

appear reasonable prior to fenestration and
fluid spread into the peritoneal cavity. Ascites is
a postoperative complication of cyst fenestra-
tion. Hepatomegaly occasionally recurs.

Congenital Hepatic Fibrosis (Caroli’s Disease)

The current definition of Caroli’s disease is
somewhat muddled. Some authors limit this
term to the rare communicating biliary saccular
ectasia as originally describe by Caroli (12);
whereas others apply it to a broader spectrum
of congenital hepatic fibrosis. Some employ
Caroli’s disease as a descriptive term and then
associate it either with congenital hepatic
fibrosis or infantile polycystic kidney disease.
Still others use the term Caroli’s disease to
describe the rarer isolated biliary ectasia and
Caroli’s syndrome if both ectasia and hepatic
fibrosis are evident.

Embryologically, intrahepatic bile ducts
develop from liver progenitor cells adjacent to
portal vein mesenchyme and form ductal plates,
which eventually evolve into bile ducts. Lack of
or disordered ductal plate remodeling leads to a
number of congenital intrahepatic bile duct 
disorders, including congenital hepatic fibrosis.
The latter represents a cholangiopathy with sur-
rounding fibrosis. Kidney involvement is vari-
able in these patients and ranges from renal
tubular ectasia to various forms of polycystic
disease, most often autosomal recessive and

Figure 7.4. Polycystic disease. A: CT reveals numerous water-density cysts scattered throughout the liver. (Courtesy of Patrick Fultz,
M.D., University of Rochester.) B: CT in another patient identifies cysts varying in size throughout the liver and kidneys. (Courtesy of
Algidas Basevicius, M.D., Kaunas Medical University, Kaunas, Lithuania.)
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only rarely autosomal dominant. An interesting
association is Caroli’s disease and occasional
acute pancreatitis.

Histologically, bile ductules become ectatic
but still maintain their communication with bile
ducts. As an isolated finding, ectasia is found
only in a minority; over time, progressive
fibrosis ensues and accounts for the typical
appearance of extensive periportal fibrosis and
biliary dilation.

Two manifestations predominate: (1) Those
patients developing extensive fibrosis early in
life tend not to have prominent intrahepatic bile
duct dilation. (2) Dilation is more common 
in those individuals who are asymptomatic 
until adulthood, when signs and symptoms of
chronic bile stasis develop. In some of the latter
patients dilated ducts predominate in one lobe.
Also, in some patients Caroli’s disease is associ-
ated with extrahepatic bile duct dilation, and 
in an occasional patient an extrahepatic chole-
dochal cyst is the initial presentation. Calculi
tend to develop either in intrahepatic cysts, in
bile ducts, or both.

With severe involvement death occurs 
during the neonatal period from renal causes,
before liver damage is evident. Some develop
hepatomegaly early in life, others remain
asymptomatic, and still others progress to
fibrosis, liver failure, and portal hypertension;
varices and hematemesis is their initial presen-
tation. Bile stasis and infection lead to acute
cholangitis, at times at an early age. Intrahepatic
calculi develop in some, but the involved ducts
are not obstructed. Hepatic function tends to be
preserved until relatively late. Generally most of
the liver is involved, although occasionally cysts
are limited to one lobe; some patients have a
preponderance of left lobe disease.

These patients are at increased risk of a devel-
oping hepatocellular carcinomas or cholangio-
carcinomas. A not uncommon progression 
consists of calculi formation, pyogenic cholan-
gitis, intrahepatic abscesses, and eventual
cholangiocarcinoma.

In adults, Caroli’s disease can be suspected
with most imaging (Fig. 7.5). Findings include
hepatomegaly, parenchymal fibrosis, numerous
cysts scattered throughout the liver, or multiple
cyst-like dilated bile ducts. It is necessary to
show that the cysts communicate with bile ducts
to distinguish this condition from autosomal-
dominant polycystic disease and multiple 

intrahepatic abscesses. Although some intra-
hepatic abscesses do communicate with bile
ducts, differentiation of abscesses from dilated
bile ducts is generally straightforward with
cholangiography.

Ultrasonography reveals extensive collaterals
and a prominent periportal hyperechoic pat-
tern, a finding also seen in other conditions.
Liver parenchymal texture tends toward a het-
erogeneous appearance containing multiple
high echoes.

With progressive fibrosis adults tend to
develop portal hypertension, generally attri-
butable to intrahepatic compression of portal
vein branches by fibrosis. Doppler US findings 
vary depending on underlying hemodynamics.
Intrinsically, the portal vein is patent, although
some patients have portal vein thrombosis and
cavernous transformation.

Magnetic resonance cholangiography also
detects cystic intrahepatic biliary dilation.

Technetium-99m-IDA scintigraphy reveals
bile stasis in cystic structures. Scintigraphy
confirms that these cysts communicate with the
bile ducts.

Regardless of how it is performed, cholan-
giography confirms the diagnosis by identifying
numerous segmental dilated intrahepatic bile
ducts, either saccular or fusiform in appearance.

Hereditary Hemorrhagic
Telangiectasia (Osler-Weber-Rendu
Disease)
Hereditary hemorrhagic telangiectasia, or
Osler-Weber-Rendu disease, is an autosomal-
dominant disorder manifesting primarily by
epistaxis, yet numerous vascular malformations
consisting of telangiectasias, arteriovenous
fistulas, and aneurysms in the liver, spleen,
and other organs often have more serious
ramifications. An association of hereditary
hemorrhagic telangiectasia and familial juve-
nile polyposis has been described in several
families. Liver arteriovenous malformations are
associated with fibrosis and progression to cir-
rhosis. High output cardiac failure, liver failure,
and orthotopic liver transplantation are not
uncommon. Why fibrosis and atrophy of some
segments and enlargement of others develop is
unknown although focal ischemia appears to
play a role.
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Telangiectasia defines a collection of dilated
small vessels. Dilated, tangled vascular commu-
nications are common and range from small to
large confluent vascular masses. Arteriovenous
communications are either to a hepatic or portal
vein. Extensive arteriohepatic venous shunting
leads to hepatomegaly and congestive heart
failure or abdominal angina. Arterioportal
shunting, on the other hand, tends to progress
to portal hypertension.

In a setting of extensive vascular malforma-
tion, the hepatic artery blood flow increases and
the artery and its branches dilate and become

tortuous. Arterial phase and portal venous
phase CT detects arteriovenous shunting, and
reveals enlarged feeding vessels and tangled
vessels within a malformation.

Doppler US can screen relatives of patients
with hereditary hemorrhagic telangiectasia 
to detect intrahepatic arteriovenous shunts.
Dilated vessels tend to mimic bile ducts with
gray-scale US, but color Doppler US waveforms
should confirm extensive shunting and suggest
the diagnosis. Doppler US shows a marked
increase in hepatic artery mean velocity.
Enlarged hepatic veins are common. In most

Figure 7.5. Caroli’s Disease. A,B: Transverse postcontrast CT images identify round, hypodense structures (arrows) adjacent to bile
ducts. C: A contrast-enhanced image shows hypodense regions in the renal medulla bilaterally. D: Endoscopic retrograde cholan-
giopancreatography (ERCP) identifies saccular intrahepatic cavities (arrows) communicating with bile ducts. The extrahepatic bile
ducts (curved arrow) are normal. (Source: Fulcher AS, Turner MA, Sanyal AJ. Caroli disease and renal tubular ectasia. Radiology
2001;220:720–723, with permission from the Radiological Society of North America.)
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patients portal venous blood velocity is
unchanged compared to normals, except with
an arterioportal or even portovenous shunt.

Contrast-enhanced MRI also identified
shunting and simultaneous enhancement of
both hepatic arteries and veins.

Angiography readily identifies multiple intra-
hepatic vascular malformations. The hepatic
arteries have been successfully embolized in
stages in symptomatic patients with hereditary
hemorrhagic telangiectasia; this is not an
innocuous procedure, however, and deaths from
hepatic infarction and necrosis have been
reported (13).

Trauma
Management Issues
Previously in a number of institutions peri-
toneal lavage was an initial diagnostic study
performed in patients with suspected blunt
abdominal trauma, and, if positive, the patient
underwent laparotomy. It was difficult to evalu-
ate outcomes of various liver injuries because
investigators used their own nomenclature for
liver injury. To overcome some of these prob-
lems, a liver injury classification scale was
devised by the American Association for the
Surgery of Trauma (Table 7.2).

Currently peritoneal lavage has been aban-
doned in favor of CT and a more conservative
approach than used previously. Emergency CT
has evolved as the first diagnostic procedure
performed in trauma patients. It has led to 
more nonsurgical management of liver trauma,
especially in hemodynamically stable patients.
Even those with a moderate-to-large hemoperi-
toneum have been managed nonoperatively as
long as the patient is hemodynamically stable.
Thus some patients with grade III liver injuries
are managed nonoperatively. Most blunt hepatic
trauma in children is also managed conserva-
tively without surgery; in general, the severity of
injury as detected by CT does not correlate with
a need for surgery.

Severe liver trauma (such as type V on the
liver injury scale in Table 7.2) has a very poor
prognosis. A majority of patients with grade V
injuries are unstable and require laparotomy.
The initial surgical concern is control of
hemorrhage. One approach is percutaneous
intraaortic balloon occlusion using a femoral
route, followed by surgical vascular exclusion of
the liver.

One complication of liver trauma is a subse-
quent abscess. Risk of developing an abscess is
higher in patients undergoing surgery than in
those managed nonoperatively. Presumably
infection develops from infected bile or is
spread hematogenously, with a hematoma or

Table 7.2. Surgical liver injury grading scale

Grade* Type of injury

I Hematoma Subcapsular,<10% of surface
Laceration Capsular,<1 cm in parenchymal depth

II Hematoma Subcapsular, 10–50% of surface
Parenchymal,<10 cm in diameter

Laceration Parenchymal, 1–3 cm in parenchymal depth,<10 cm in length

III Hematoma Subcapsular,>50% of surface or expanding
Ruptured hematoma
Intraparenchymal,>10 cm or expanding

Laceration >3 cm in depth

IV Laceration 25–75% of hepatic lobe (or 1–3 Couinaud segments within lobe)

V Laceration >75% of hepatic lobe (or >3 Couinaud segments within lobe)
Vascular Juxtahepatic major hepatic vein or vena cava injury

VI Vascular Hepatic avulsion

* Advanced one grade for multiple injuries, up to grade III.
Source: Adapted from Moore et al. (14).



310

ADVANCED IMAGING OF THE ABDOMEN

necrotic liver tissue acting as a nidus. Abscess
imaging is discussed in a later section; suffice it
here to state that trauma-associated abscesses
are readily identified by CT. The presence of gas
bubbles is almost pathognomonic, although
occasionally noninfected necrotic liver paren-
chyma secondary to ischemia has a similar
appearance.

Blunt trauma is a rare cause of a major liver
infarct.

Imaging
Computed tomography is the first imaging
study performed in a hemodynamically stable
patient suspected of blunt liver injury. A CT
blunt trauma liver injury grading scale has been
proposed based on CT findings (Table 7.3). Its
initial function was to assess the value of CT in
predicting outcome following blunt liver injury.
It should be kept in mind that this CT grading
scale employs different parameters than the
liver injury classification scale devised by
trauma surgeons; the latter is meant to help
standardize surgical findings and outcomes.
Also, although CT aids in establishing the scope
of an initial insult and detects complications,
whether a patient is explored or managed con-
servatively often continues to be based on clin-
ical findings.

The most sensitive US finding in patients
with liver trauma is intraabdominal free fluid;
actual liver injury is detected less often. Mild
parenchyma injury appears as a focal hyper-
echoic region.

Is CT helpful in monitoring healing? In most
patients routine follow-up CT does not
influence subsequent treatment and often is not
necessary; a need for follow-up CT should be
based on the patient’s clinical course.

Hemorrhage/Hematoma
A hematoma is the most common liver injury.
These hematomas range from subcapsular to
intraparenchymal in location. Not all are due 
to trauma. Common nontraumatic causes of
liver hemorrhage include bleeding from a
hepatic neoplasm; bleeding also occurs with
hemangiomas, focal nodular hyperplasia, an
occasional metastasis, the HELLP syndrome
(discussed later; see Liver in Pregnancy), and
such infiltrative conditions as amyloidosis.

A subcapsular hematoma tends to compress
the underlying liver parenchyma, thus differen-
tiating it from intraperitoneal fluid. An appro-
priately located hematoma will obstruct the
intrahepatic portion of the inferior vena cava
and hepatic veins and result in Budd-Chiari
syndrome (discussed in Chapter 17). At times a
slow bleed and resultant liver hematoma mani-
fests by anemia.

Contrast extravasation is detected by CT if
bleeding is sufficiently brisk. This extravasated
contrast–blood mixture has a higher attenua-
tion than an old hematoma, and the two are
readily differentiated. If needed, transcatheter
embolization is an option for hemorrhage
control.

Unenhanced blood has an attenuation value
of 30 HU or greater. Initially clotted blood has a
CT density higher than nonclotted blood, and
an acute hematoma is thus hyperdense com-
pared to normal liver parenchyma. Some liver
lacerations, however, result in a hypodense
hematoma, presumably due to simultaneous
leakage of bile. Postcontrast, a hematoma has a
lower density than normally enhancing liver
parenchyma.

Occasionally CT identifies regions of low
attenuation parallel to the portal vein and its
branches. Such periportal tracking of blood was
initially believed to be a marker of significant
liver injury, although currently most radiolo-
gists tend to ascribe periportal tracking to lym-
phatic distention and edema and discount its
importance as a marker for significant trauma.

Table 7.3. Computed tomography (CT)-based liver injury
grading system

Grade Criteria

1 Capsular avulsion
Superficial laceration <1 cm
Subcapsular hematoma <1 cm

2 Lacerations 1–3 cm deep
Central/subcapsular hematoma 1–3 cm deep

3 Lacerations >3 cm deep
Central/subcapsular hematoma >3 cm deep

4 Massive hematoma >10 cm
Lobar tissue destruction/ischemia

5 Bilobar tissue destruction/ischemia

Source: Adapted from Mirvis et al. (15).
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Its use as a guide for management decisions is
controversial; whether periportal tracking is
present or not has no effect on the eventual
success rate of nonoperative management or on
the complication rate. Such tracking usually
does not signify a laceration.

The sonographic appearance of a hematoma
depends on its age. Initially a hematoma is
mostly hyperechoic, with some having a
complex, heterogeneous appearance. With time,
a hypoechoic pattern predominates as a clot
lyses and eventually the hematoma becomes
anechoic. A similar US pattern is found with
hematomas in other solid organs.

Surgical retractors cause transient focal liver
injury. Computed tomography in one patient
revealed a focal, sharply marginated hypodense
lesion, while MR identified a hypointense,
poorly defined region on T1-weighted se-
quences that was heterogeneous and hyperin-
tense on T2-weighted sequences (16).

Some traumatic liver hematomas are associ-
ated with pseudoaneurysms or arteriovenous
fistulas; these should be detected by CTA and, if
diagnosis is unclear, angiography.

Most subcapsular hematomas resolve within
several months. Parenchymal hematomas, on
the other hand, take considerably longer to
resolve, probably because of their common
admixture of bile.

Laceration/Rupture
Numerous nontraumatic disorders are associ-
ated with spontaneous liver rupture (Table 7.4).

Postcontrast CT reveals a liver laceration as
an irregular linear or branching hypodense
region surrounded by enhancing liver paren-
chyma (Fig. 7.6). Some of these linear lacera-
tions mimic dilated bile ducts. Lacerations of
the porta hepatis commonly involve bile ducts
and major vessels. Extensive lacerations tend to
radiate toward the periphery. A hemoperi-
toneum is common; the exception being with
injury to the liver bare area (segment VII) when
a hemoretroperitoneum can develop (17).

Biloma
Spontaneous perforation of an intrahepatic bile
duct is uncommon.A cholangiogram, regardless
of how it is performed, should reveal extravasa-

tion of contrast from the duct involved, thus
establishing the diagnosis.

At times differentiation among a resolving
hematoma, abscess, and biloma is difficult both
by CT and US. Ultrasonography simply reveals
an encapsulated fluid collection. In such a sce-
nario either scintigraphy or percutaneous aspi-
ration of fluid is necessary to establish the
diagnosis.

Magnetic resonance imaging differentiates
between a simple intrahepatic biloma and

Table 7.4. Conditions associated with spontaneous liver
rupture

Infections
Typhoid
Malaria

Nonneoplastic tumors
Hemangioma
Peliosis hepatis
Focal nodular hyperplasia
Nodular regenerative hyperplasia
Angiomyolipoma

Neoplastic tumors
Hepatic adenoma
Hepatocellular carcinoma
Metastasis

Other
HELLP syndrome
Amyloid infiltration
Polyarteritis nodosa
Ehlers-Danlos syndrome

Figure 7.6. Liver laceration in a 25-year-old man (arrows).
(Courtesy of Patrick Fultz, M.D., University of Rochester.)
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hematoma. A biloma is hypointense on T1-
weighted images and hyperintense on T2-
weighted images; a hematoma is hyperintense
on both T1- and T2-weighted images; in prac-
tice, blood and proteins modify the MR appear-
ance of a biloma. Nevertheless, a differentiation
is more than theoretical because most bilomas
should be drained, but hematomas tend to
resolve spontaneously.

Porta Hepatis Injury
Although injury to the porta hepatis region is
rare, it is often lethal; intraoperative exsan-
guination is not an uncommon cause of death
in these patients, and thus hemorrhage control
is the first priority. Other associated injuries are
common. Suspected bile duct injuries are
identified by intraoperative cholangiography
and repaired either primarily or an enteric
anastomosis.

In stable patients with blunt liver injury
undergoing both CT and hepatic angiography,
CT was only 65% sensitive and 85% specific in
detecting arterial injury (18); if in doubt,
hepatic angiography is the gold standard in
detecting arterial injury.

Infection/Inflammation
Abscess
Pyogenic

Clinical

A pyogenic liver abscesses is often associated
with bile duct stones and duct obstruction. At
times simply removing retained stones, stent-
ing, and medical management are therapeutic.

A not uncommon etiology for multiple 
liver abscesses is sigmoid diverticulitis and
hematogenous spread of infection to the liver.
Most abdominal radiologists have encountered
patients with not only multiple liver abscesses
but also portal venous gas; Bacteroides fragilis,
producing gas by fermentation, is one such
responsible organism. Chlamydia trachomatis is
a common organism found in Fitz-Hugh–Curtis
syndrome. A rare liver abscess evolves with this
infection. The specific diagnosis is often estab-
lished by percutaneous aspiration.

An uncommon association for a liver abscess
is with a silent colon adenocarcinoma.

The most common clinical presentation in
patients with a pyogenic hepatic abscess is fever
and leukocytosis, and less often abdominal
pain, hepatomegaly, and abnormal liver tests.
Jaundice and marked elevation of alkaline
phosphatase are common with a biliary tract
abscess origin.

The intervening liver capsule, subphrenic
space, and diaphragm prevent spread of most
intrahepatic abscesses into the thorax. An
exception is an abscess involving the liver bare
area; an occasional such abscess communicates
with the mediastinum.

A liver abscess is a recognized complication
of Crohn’s disease. Steroids and other therapy
tend to mask the presence of these abscesses.
Occasionally such an abscess is the initial pres-
entation of Crohn’s disease.

Diabetes mellitus is a major predisposing
factor for pyogenic liver abscesses even without
a known infectious focus; gas within the
abscess, detected with conventional radiogra-
phy, CT, or US, is associated with a higher mor-
tality than one without gas. Diabetes tends to
predispose rupture of a pyogenic liver abscess.
These patients have a high mortality even with
prompt surgical cleansing of the abdominal
cavity. Klebsiella pneumoniae is a common bac-
terium isolated.

Rarely, rupture of an infected gallbladder
leads to a liver abscess. After percutaneous
abscess drainage, contrast injected into the
abscess cavity should reveal a fistulous commu-
nication with the gallbladder. A rare pyogenic
liver abscess contains multiple stones and is
caused by perforation of an adjacent necrotic
gallbladder; these combined gallbladder and
liver abscesses are notoriously difficult to eval-
uate adequately.

Imaging

Liver abscesses range from solitary to multiple;
unilocular to multiloculated; large to small.
In most instances imaging findings strongly
suggest an abscess. It should be realized,
however, that an occasional necrotic, or infected
liver cancer presents as a hepatic abscess. These
include primary liver cancer, gallbladder carci-
noma, or even a metastasis. Imaging does not
always differentiate a complex necrotic and
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cystic cancer from a liver abscess. Likewise, a
pyogenic abscess appears similar to an amebic
abscess.

Only an occasional hepatic abscess contains
gas.

Computed tomography shows most intra-
hepatic abscesses as hypodense regions but with
peripheral contrast enhancement. Nevertheless,
the appearance of pyogenic abscesses varies
from homogeneous and hypodense to a hetero-
geneous solid tumor. Some abscesses incite little
surrounding inflammation; others induce con-
siderable inflammation, and postcontrast they
appear target-like, with the hypodense abscess
surrounded by a hyperdense rim, which in 
turn is surrounded by a thin hypodense peri-
phery thought to represent liver edema.
Segmental hepatic enhancement during arte-
rial-phase CT is common, presumably caused by
decreased portal flow resulting from portal tract
inflammation.

Ultrasonography shows approximately two
thirds of pyogenic abscesses to be hypoechoic,
with the rest inhomogeneous. Anechoic
abscesses are uncommon. Approximately half
have a smooth wall. With progression and
necrosis, abscesses tend to become more hypoe-
choic. The abscess wall thickens with chronicity.
Gas within an abscess is hyperechoic and
reveals shadowing. Contrast aided phase inver-
sion harmonic mode US reveals rim enhance-
ment, arteries along abscess margins and
internal septa, septal enhancement, absent cir-
culation in fluid and arterial hypervascularity
surrounding the abscess (19).

Magnetic resonance imaging appearance of a
liver abscess is similar to other fluid-containing
lesions. Most are hypointense on T1- and hyper-
intense on T2-weighted images. Most abscesses
tend to be better defined postcontrast and often
show an immediate hyperintense enhancing rim,
which persists in later phases, but the central
portion, as expected, does not enhance. It should
be kept in mind that many metastases also have
rim enhancement. An absolute distinction
between an abscess and a neoplasm is often not
possible purely on MRI findings alone. An
infected neoplasm complicates this issue further.

Indium 111 leukocyte scintigraphy readily
detects most hepatic abscesses. An occasional
abscess, however, results in a cold defect.

Normal hepatic uptake of gallium 67 makes
interpretation of a Ga-67 abscess scan difficult;

a Tc-99m sulfur colloid scan performed in con-
junction with Ga 67 scintigraphy is helpful for
interpretation.

Therapy

Although some of the smaller abscesses can be
treated medically, most require either percuta-
neous or surgical drainage, at which time diag-
nostic aspiration confirms the diagnosis. In
many centers surgical drainage is reserved for
abscesses that cannot be adequately drained
percutaneously. Percutaneous drainage using 
a large-caliber drainage catheter is associated
with few complications and has a high success
rate. Both multiloculated and multiple abscesses
are drained successfully. Previously considered
a lethal disease, currently abscess cure rates up
to 93% are typical with percutaneous drainage.
The success rate is lower in patients with an
underlying malignancy. Abscesses with a biliary
fistula are also drainable percutaneously. Most
of the underlying fistulas resolve unless distal
bile duct obstruction is present.

The major complication of percutaneous
drainage is bleeding, at times massive. An 
occasional patient develops an empyema due 
to pleural puncture. Mortality associated with 
percutaneous abscess drainage is less than 
10%.

Common dogma holds that simple percuta-
neous needle aspiration is not a viable thera-
peutic option for a pyogenic liver abscess. Yet,
percutaneous needle aspiration and systemic
antibiotics can be successful in healing most
abscesses, realizing that about half of these
abscesses require two or more sessions (20).
Large gauge trocar needles and US guidance,
and complete pus removal are necessary.

Currently surgical drainage or liver resection
are reserved for complex abscesses, those
without a safe percutaneous access route, and
failed percutaneous drainages.

Amebic

Clinical

Amebic liver abscesses have a wide geographic
variation. Men predominate by a ratio of about
10 : 1. In nonendemic regions a high proportion
of amebiasis is found in AIDS patients.
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The diagnosis is usually suspected from 
serologic testing. Fever, abdominal pain, and
hepatomegaly are common presentations.

Independent mortality risk factors include 
an elevated bilirubin level, the presence of
encephalopathy, the size of the abscess cavity,
hypoalbuminemia, and the number of abscesses
present; mortality is independent of the dura-
tion of symptoms.

Imaging

In general, imaging cannot differentiate an
amebic abscess from a pyogenic abscess, and the
imaging findings described above for pyogenic
abscesses also apply to amebic abscesses.

Some patients develop a right pleural effu-
sion, right basal atelectasis, a perihepatic fluid
collection, or simply elevation of right hemidi-
aphragm. These findings occur with intra-
abdominal abscesses and do not necessarily 
imply intrathoracic abscess spread. Neverthe-
less, a rare liver amebic abscess evolves into 
a hepatopulmonary fistula or a hepatocolic
fistula, or even spreads into the mediastinum
and pericardium.

In patients resistant to medical therapy,
abscess communication with the bile ducts
should be suspected. These patients tend to be
jaundiced. A minority of amebic liver abscesses
are associated with focal intrahepatic bile duct
dilation, presumably secondary to obstruction.

Amebic liver abscesses range from solitary 
to multiple. Single abscesses tend to be more
common in tropical amebiasis. A right lobe
location predominates. On precontrast CT these
abscesses range from iso- to hyperdense.
Mother cysts tends to be hyperdense compared
to daughter cysts. Secondary bacterial infection
further increases the mother cyst or daughter
cyst CT density. Most abscess walls enhance
postcontrast. Internal septations develop in
some.

Ultrasonography reveals most to have a
smooth wall and a homogeneous, hypoechoic
US appearance. Because of retained necrotic
debris and blood, some abscesses appear solid
and contain hypo- or hyperechoic internal
echoes. They are surrounded by a hyperechoic
wall, which in turn is surrounded by a thin
peripheral halo. Some are multiseptate.

An occasional amebic liver abscess is imaged
by triple-phase bone scintigraphy.

Therapy

Medical therapy of an amebic abscess is highly
successful; only those not responding to medical
therapy or clinically appear to be at risk of
impending rupture require drainage. Never-
theless, especially with a larger abscess, faster
recovery is often achieved if drug therapy is
combined with image-guided percutaneous
aspiration.About a third or so of these abscesses
yield no Entamoeba histolytica. If the material
obtained initially is nondiagnostic, the final
aspirate should be examined because it is most
often diagnostic. The aspirate usually is rather
viscous, and aspiration through a large-bore
catheter is helpful. Abscesses tend to recur if no
drain is left in place.

Presence of a biliary fistula does not influence
the cure rate for percutaneous drainage. Most
biliary fistulas close spontaneously. Likewise,
even with a ruptured amebic abscess percuta-
neous catheter drainage of extrahepatic collec-
tions appears safe and effective.

Hydatid Cyst
Clinical

Infection with Echinococcus granulosus, or
hydatid disease, is uncommon in Northwestern
Europe and North America but is endemic in the
Mediterranean basin and several regions of East
Africa. Dogs, ruminants, and humans constitute
the infestation cycle. Most common ruminants
involved are sheep and goats, although appar-
ently camels also have a role in parts of Africa;
the highest prevalence in humans is in the
Turkana district of Kenya. Hydatid disease exists
in cattle in West and Southern Africa but human
infestation here is rare.

The most common sites of involvement are
the liver and lungs, the right lobe more often
than the left, adjacent to Glisson’s capsule.
Echinococcal cysts are slow growing and often
take years to reach a large size.

Cysts contain two layers. The outer pericyst,
composed of an avascular layer, is a host
response to infestation. An inner endocyst,
about 2 mm in thickness, is produced by the par-
asite and normally is adjacent to the pericyst,
except when ruptured.

Although some cysts rupture spontaneously,
especially when large, unrelated trauma is a not
uncommon cause of cyst rupture. In a contained
rupture only the endocyst ruptures, with the
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pericyst remaining intact. Some cysts rupture
into an adjacent bile duct or directly into the
peritoneal cavity, subphrenic space, or, rarely,
into the gastrointestinal tract. Communication
with a gas-containing viscus leads to a gas-fluid
level within the cyst. Occasional cysts have
transdiaphragmatic spread to the thorax.
Rupture into a blood vessel, such as a hepatic
vein, is rare.

Jaundice is usually due to cyst rupture into
bile ducts and intrabiliary spread of the hydatid
content. The resultant obstruction is generally
treated by endoscopic sphincterotomy and
removal of the obstructing intrabiliary daugh-
ter cysts. Occasionally, a hydatid cyst obstructs
the bile ducts close to the liver hilum simply 
by compression, and jaundice develops even
without a biliary communication. Likewise, a
hydatid cyst close to the liver hilum can lead to
cavernous portal vein transformation.

In some patients hydatid cyst content in the
bile ducts induces a hypersensitivity reaction,
even to the point of anaphylaxis. A ruptured 
cyst is one cause of a relapsing generalized ana-
phylactic reaction, including life-threatening
laryngospasm. An occasional one results in an
eosinophilic cholecystitis.

The less common echinococcal infection with
Echinococcus multilocularis is encountered in
colder climates. Liver screening with US is prac-
ticed in some endemic regions, and screening
appears to contribute to early detection.

A local form of aggressive hydatid disease is
found in Central and South American neotrop-
ical zones. The infectious agent is Echinococcus
vogelii, paca, and other wild rodents are inter-
mediate hosts, and the bush dog the final host.
The liver is most often involved, with meta-
cestodes spreading into the peritoneal cavity
and eventually invading other abdominal and
thoracic organs. Infected patients most often
present with hard, round tumors in or adjacent
to the liver, hepatomegaly, increased abdominal
girth, pain, and cachexia; liver involvement pro-
gresses to portal hypertension. Imaging reveals
a polycystic liver disease pattern. Extensive
involvement leads to numerous cysts in the liver,
pancreas, spleen, and peritoneal cavity. Cyst
calcifications are common.

Imaging

An imaging classification of hydatid cysts con-
sists of the following:

Type 1: Simple unilocular cyst. Believed to be
an early stage in hydatid cyst formation,
these cysts are water dense on CT and ane-
choic on US. Cyst wall and septal enhance-
ment is seen with CT and MR contrast, thus
differentiating this entity from simple
cysts.

Type 2: Cyst containing daughter cysts.
Round or irregular daughter cysts are sur-
rounded by a higher density fluid in the
mother cyst.

Type 3: Dead cysts containing extensive 
calcifications.

Type 4: Complex cysts. These consist of
superinfected cysts or ones that have 
ruptured. In a contained rupture imaging
identifies endocyst separation from the
surrounding pericyst. Bacterial superinfec-
tion implies the presence of cyst rupture.

Curvilinear cyst rim calcifications are
common with Echinococcus granulosus infec-
tions, and a cystic pattern is detected in about
half.

The CT appearance varies, although a hydatid
cyst tends to have an oval and sharply defined
outline. Precontrast, cysts are mostly inho-
mogeneous and of low density; postcontrast
enhancement is inhomogeneous (Figs. 7.7 and
7.8). The sonographic appearance ranges from
an anechoic cyst, mural nodules, and visualiza-
tion of the endocyst, to a complex multicystic
structure.

Debris either tends to be displaced toward 
the center of the primary cyst or is located in 

Figure 7.7. Hydatid cyst. CT also identifies a soft-tissue compo-
nent within the cyst (arrow). (Courtesy of Algidas Basevicius,
M.D., Kaunas Medical University, Kaunas, Lithuania.)
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the dependent portion; or, in some cysts, a
fluid–fluid interface is evident. A gas–fluid level
within the cyst implies communication with 
bile duct or viscus, although occasionally an
infected, noncommunicating cyst has a gas–
fluid level. Detachment of the inner layer into
the cyst lumen results in a soft tissue tumor
either floating or in the most dependent portion
of the cyst, an appearance termed the water lily
sign.

Daughter cysts lead to a cyst-within-a-cyst
appearance. At times numerous daughter cysts
result in an imaging finding of multiple small
cysts in an otherwise solid-appearing tumor, an
appearance mimicking a honeycomb.

Computed tomography and US often visual-
ize intrabiliary hydatid material once biliary
communication is established. Computed
tomography reveals intrabiliary hydatid mem-
brane particles as “sand”; at times the actual
communication is identified. In some patients
adjacent bile ducts dilate.A fat–fluid level within
the cyst is a sign of biliary communication.
Occasionally, hydatid material is observed in 
the gallbladder lumen.

A hydatid cyst sonographic classification is
outlined in Table 7.5. This classification differs
from the general imaging classification of
hydatid cysts outlined above; it divides cystic
hydatid disease into a proliferative stage and 
an involution stage. The US findings of types I
through V represent the proliferative stage, and
patients should be treated, but types VI and VII
are part of disease involution and these patients
do not require therapy. The cyst becomes hyper-

echoic as its content changes from a watery con-
sistency to a viscid gel and the germinal layer
folds within the viscid gel assume a curvilinear
appearance, which no longer moves with a
change in patient position.

At times endoscopic retrograde cholan-
giopancreatography (ERCP) is helpful, although
MR cholangiography also defines bile duct
involvement. Cyst communication with bile
ducts, bile duct obstruction, and debris in the
bile ducts can be detected (Fig. 7.9) and, at
times, treated by endoscopic sphincterotomy.
Extensive publications confirm that ERCP is safe
in a setting of hepatic echinococcosis.

Magnetic resonance is useful in cyst charac-
terization and in defining its relationship to 
the surrounding structures. Magnetic resonance
imaging, MRA, and MR cholangiography
should detect all hydatid cysts on both T1- 
and T2-weighted images and suggest a biliary
communication.

Angiography is rarely performed for sus-
pected hydatid cysts. These are avascular, often
multilocular cysts.

Figure 7.8. Hydatid liver cyst in a 12-year-old. A: CT identifies a large cystic structure replacing most of the left lobe (arrows). A
detached inner layer is seen floating in the cyst lumen. B: Ultrasonography (US) reveals an irregular cyst containing solid content
(endocyst). (Courtesy of Luann Teschmacher, M.D., University of Rochester.)

A B

Table 7.5. US classification of hydatid cysts

Type I: Simple cyst
Type II: Multiple cysts
Type III: Cysts with detached membrane
Type IV: Mixed cysts
Type V: Cysts with heterogeneous echogenicity
Type VI: Hyperechoic cysts
Type VII: Calcified cysts

Source: Adapted from Caremani et al. (21).
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One should keep in mind that not all multi-
locular liver cysts are infectious in origin or
even benign. The imaging appearances of an
embryonal cell carcinoma or hepatobiliary cys-
tadenoma mimic a hydatid cyst. With multiple
hydatid cysts, liver parenchyma becomes
sufficiently replaced that differentiation from
polycystic disease becomes difficult.

Infection with E. multilocularis results in
somewhat different imaging findings. Irregular,
necrotic liver lesions often mimic a neoplasm
(Fig. 7.10). Focal calcifications develop with
both E. multilocularis and E. vogelii infections.

Biopsy/Drainage

Drainage can be both diagnostic and therapeu-
tic. Cysts that are heavily calcified, however, are
probably inactive and often are left alone.

Some biopsies are performed unintentionally
without suspecting the true diagnosis and
others are done on purpose. With suspicion that
a lesion may indeed be hydatid in origin, the
cytologist should be so informed when submit-
ting aspirated material; in regions of low preva-
lence the pathologist may not consider this
diagnosis. Some investigators believe that
dilated pericystic bile ducts are a relative
contraindication to nonsurgical treatment
because of the danger of complicating biliary
obstruction (22).

A number of older publications cautioned
against biopsy or drainage of a hydatid cyst,
although more recent experience suggests that
percutaneous drainage is a relatively safe proce-
dure. Minor allergic reactions, such as urticaria,

Figure 7.9. Echinococcal cyst communicating with bile ducts.
Contrast partly outlines the cyst (arrow).

Figure 7.10. Echinococcus multilocularis presenting as multiple
small foci scattered throughout the liver. It is hypointense on T1-
(A) and hyperintense on T2-weighted magnetic resonance
imaging (MRI) (B). C: Magnetic resonance cholangiopancreatog-
raphy (MRCP) outlines the cysts and bile ducts. (Source: Burgener
FA, Meyers SP, Tan RK, Zaunbauer W. Differential Diagnosis in 
Magnetic Resonance Imaging. Stuttgart: Thieme, 2002, with 
permission.)

A B

C
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are encountered after aspiration in an occa-
sional patient. A rare patient develops a major
reaction, including shock, and the interven-
tional radiologist must be prepared to deal with
these reactions. Fatal anaphylaxis has been
reported with percutaneous therapy. Also, a
possibility of seeding exists due to a spill of cyst
material, although intraperitoneal leakage of
cyst fluid is rare. A superimposed bacterial
infection also develops occasionally.

Percutaneous

Percutaneous treatment consists either of
several installations of hypertonic saline (with
interval aspiration) or placement of a catheter,
injection of hypertonic saline, or drainage,
followed in 24 hours or later by injection of a
scolicidal solution. After therapy the endocyst
becomes detached and serial US shows most
cysts decreasing in size and the cyst wall 
becoming irregular and thicker. A second
drainage is necessary only if a cyst contains
membranes or multiple cysts are present. Both
adults and children have been treated with per-
cutaneous drainage.

Albendazole prophylaxis is instituted and
catheter drainage generally continued until
drainage is <20 mL per day. Recommended
imaging follow-up varies but US every month
for 6 months, a control CT at 6 months, and then
US and CT at yearly intervals is reasonable. The
abscess cavity typically becomes obliterated
within 6 months. Local recurrence is an uncom-
mon occurrence. Another option is to treat by
puncture, aspiration, injection, and reaspiration
of smaller cysts and catheterization of larger
cysts using hypertonic saline and absolute
alcohol as cytotoxic and sclerosing agents (23).

Surgical

Surgical pericystectomy is advocated by some
surgeons. Laparoscopic surgery with cyst aspi-
ration is also performed. Hepatic resection is
necessary only if multiple cysts involve the same
lobe or if a cyst has essentially replaced a lobe.

Recurrent hydatid disease develops occasion-
ally, either in the liver or other structure, even
in the peritoneal cavity. Postdrainage US estab-
lishes a baseline and allows distinction of recur-
rence from postoperative change.

Biliary strictures develop in some patients
after surgery. These strictures tend to be long,
multiple, and proximal in location.

Tuberculosis
Weight loss is common in patients with hepatic
tuberculosis. Not all patients with liver involve-
ment have hepatomegaly.

Tuberculous liver infection usually presents
as a diffuse process, at times called miliary; less
common is a macronodular tumor, or tubercu-
loma, mimicking an infiltrating tumor. Com-
puted tomography reveals a hypodense tumor
that enhances less than liver parenchyma. An
occasional hypodense nodule is surrounded by
an enhancing rim.

Ultrasonography reveals mostly well-
delineated hypoechoic tumors.

Tuberculomas are mostly hypointense on 
T1- and isointense on T2-weighted MR images,
although considerable variation exists, ranging
from hypointense to hyperintense on both T1-
and T2-weighted MRI. They do not enhance
post-MR contrast but some exhibit rim
enhancement. The MR appearance of hepatic
tuberculomas is thus not specific, being
influenced by the presence of calcifications,
blood, and necrosis. A biopsy is necessary for
diagnosis.

Extensive multiorgan tuberculosis is illus-
trated by a woman with multiple calcified brain
nodules and calcified hypodense tumors in the
liver and spleen (24); liver tuberculomas were
hypointense on T1-weighted spin-echo (SE)
images and hypointense but contained a hyper-
intense region on T2-weighted images.

Percutaneous needle biopsy in these patients
should be diagnostic. After successful antibiotic
therapy the sonographic appearance should
revert to that of a normal liver.

Fungal
Most fungal abscesses occur in a setting of
malignancy or immunocompromise. Most of
these abscesses are small and tend to be scat-
tered throughout the liver. Each individual
abscess often has an imaging appearance
similar to that of a pyogenic abscess, including
rim enhancement.
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A biopsy, especially if obtained from the
periphery of a lesion, may not provide a 
diagnosis.

Some of these abscesses calcify after therapy.

Candidiasis

Typically CT reveals Candida albicans abscesses
as multiple hypodense lesions scattered
throughout the liver. The appearance mimics
metastases. The spleen is also often involved.
A bull’s-eye appearance to the lesion should
suggest candidiasis.

The sonographic findings range from an early
wheel-like appearance, to a bull’s-eye pattern, to
a homogeneously hypoechoic lesion.

Mucormycosis

Mucormycosis is an opportunistic fungal infec-
tion developing in patients with an impaired
immune system or diabetes.

Mucormycosis in one patient manifested as
multiple focal hypodense lesions containing
centrally located vessels (25); biopsies revealed
hyphae consistent with mucormycosis. Such a
hypodense lesion surrounding vessels and
without a mass should suggest an angioinvasive
organism.

The differential includes other fungal infec-
tions, lymphoma, and Mycobacterium tubercu-
losis or M. avium-intracellulare infections.

Visceral Larval Migrans
(Toxocariasis)
Ultrasonography in a patient with persistent
eosinophilia and shown to have visceral larval
migrans initially revealed a single hypoechoic
lesion that progressed to multiple lesions (26);
these lesions presumably represented confluent
biliary granulomas. Only occasionally are larvae
detected on liver biopsy. The diagnosis is
confirmed with serologic testing.

Schistosomiasis
Clinical

One of the oldest diseases known, even today
schistosomiasis infects a large part of the

world’s population. Both children and adults
suffer from this infection. The primary end-
organ affected depends on the river fluke
involved: Schistosoma japonicum and S.
mekongi, primarily Oriental in distribution,
affect the liver, S. mansoni involves the liver and
rectum, and S. haematobium infestation targets
the urinary tract. S. mansoni is found in west
central Africa, the Arabic peninsula, some
Caribbean Islands, and the Atlantic coast of
South America.

Fresh water snails serve as an intermediary
host for cercariae. Humans are infected through
intact skin, the cercariae migrate from periph-
eral venules to the lungs and heart, and reach
the liver where they mature into adult worms.
S. japonicum eggs are carried from mesenteric
veins into intrahepatic portal vein terminal
branches, where extensive fibrosis and a 
granulomatous reaction lead to presinusoidal
portal hypertension.

Schistosomiasis can be divided into an acute
(Katayama syndrome) and a chronic phase.
Early diagnosis during the acute phase is based
on clinical and laboratory data, with imaging
having no direct role. Eventually these patients
develop portal hypertension and esophageal
varices. They have a normal hepatic venous
pressure gradient due to the presinusoidal
nature of their portal hypertension. Hemody-
namic studies in patients with hepatic schisto-
somiasis reveal hyperkinetic systemic and
splanchnic circulations.

Liver involvement consists of fibrosis and
portal hypertension. Some patients progress 
to cirrhosis and liver failure. In the Middle East,
cirrhosis developing in a setting of hepatic
schistosomiasis should suggest superimposed
hepatitis C virus infection. On the other hand, a
Philippines study of prior S. japonicum infec-
tion found chronic viral hepatitis to be rare (27).

Patients with chronic liver schistosomiasis
are at risk of developing hepatocellular 
carcinoma.

Imaging

Hepatosplenomegaly and lymphadenopathy 
are common with acute S. mansoni infection.
Left lobe hypertrophy occurs early and is 
readily detected by US. On a chronic basis the
porta hepatis region is usually most extensively
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involved, and periportal fibrosis extends intra-
hepatically for varying lengths. Ultrasonogra-
phy rather than biopsy is often used in endemic
areas to evaluate periportal fibrosis. It reveals
widened hyperechoic periportal tracts, a non-
specific finding also seen in some other chronic
infections. A relationship exists between the
degree of periportal fibrosis as detected by US
and the presence of esophageal varices.

Early in the disease MRI shows portal hyper-
tension (Fig. 7.11); then the periportal zones
become isodense on T1-weighted images and
enhance with contrast. T2-weighted sequences
reveal hyperintense periportal regions suggest-
ing inflammation and edema.

Patients with S. japonicum infection develop
almost pathognomonic turtleback pericapsular
and parenchymal calcifications, best identified
with CT; US often shows a patchy network
pattern. Calcifications are uncommon with S.
mansoni and S. haematobium infection.

Syphilis
The liver is commonly involved in congenital
syphilis. Hepatic failure and extensive liver
calcifications develop in some of these neonates.

Secondary syphilis is marked by acute hepa-
titis and cholestasis. Ultrasonography reveals
parenchymal abnormalities due to diffuse
inflammation.

Liver involvement in tertiary syphilis is rare.
Multiple intrahepatic nodules mimicking meta-
stases are found occasionally. Biopsy reveals
granulomas and necrosis.

Spirochetes are identified in biopsy speci-
mens. Pathologists have described an acquired
liver deformity in end-stage tertiary syphilis
known as hepar lobatum.

Actinomycosis
Liver infection by an anaerobic gram-positive
bacterium of the genus Actinomyces is rare.
No predisposing factors are found in most
patients.

The diagnosis is confirmed when an Actino-
myces species is cultured from pus aspirated
from an abscess. Rather than an abscess, some
patients have a more solid-appearing tumor,
and a neoplasm is suspected. In particular, in a
woman with a pelvic tumor and suspected liver
metastases, especially if an intrauterine device
is in place, biopsy should differentiate between
actinomycosis and a neoplasm.

A complication of liver actinomycosis is
portal vein thrombosis.

Botryomycosis
Botryomycosis, also called bacterial pseudo-
mycosis, is a rare, chronic bacterial infection
characterized by eosinophilic botryomycotic
(bacteria-containing) granules, with gram-
positive cocci and gram-negative bacilli being
most often found. Clinically, the infection tends
to mimic actinomycosis or some other fungal
infection. Pathogenesis of this condition proba-
bly involves a symbiosis between the host and

Figure 7.11. Portal hypertension induced by schistosomiasis. T1- (A) and T2-weighted (B) coronal MR images reveal a spleen larger
than the normal-sized liver and a dilated portal vein (arrows). (Source: Burgener FA, Meyers SP, Tan RK, Zaunbauer W. Differential 
Diagnosis in Magnetic Resonance Imaging. Stuttgart: Thieme, 2002, with permission.)

A B
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bacteria, although the specific pathobiologic
interaction is unknown.

Botryomycosis most often involves the skin
and is thus familiar to dermatologists. Several
patients with liver botryomycosis have been
described. Most lesions consist of multiple small
liver abscesses containing gram-positive micro-
organisms. Initial imaging often suggests a 
neoplasm.

Hepatitis
Imaging has a limited direct role in hepatitis,
with laboratory studies and biopsy being 
bulwarks of diagnosis. Magnetic resonance,
however, is of potential value. Among patients
with proven chronic hepatitis, histopathology in
about two thirds of those with patchy enhance-
ment on early postgadolinium MRI revealed a
macrophage infiltrate, hepatocyte necrosis, and
steatosis (28). Prominent linear enhancement
on delayed postgadolinium MRI is found with
fibrosis.

Viral

An unusual cause of acute hepatitis is measles
virus infection.

Viral hepatitis is common throughout the
world, with the highest prevalence in East Asia.
Currently viruses A through G have been
identified. At least one other type of enterically
transmitted hepatotropic virus probably exists.
Hepatotropic viruses A through E induce hepa-
tocellular damage either through a direct cyto-
toxic effect or through some yet undefined
mechanisms. The common end point is hepato-
cellular necrosis. Co-infection is not uncom-
mon, especially in end-stage disease.

Fat ingestion normally results in gallbladder
constriction. In some patients with acute hepa-
titis, fat results in paradoxical gallbladder dila-
tion, a useful imaging finding. Some patients
with acute viral hepatitis present with what 
clinically appears to be acute cholecystitis. They
recover with conservative medical manage-
ment. Gallbladder US in these patients reveals
considerable gallbladder wall thickening, but
the gallbladder returns to normal thickness
with clinical recovery.

Hepatitis A

Humans appear to be the only host for hepati-
tis A virus. This infection has decreased in
prevalence, especially in East Asia. It is an acute
infection and does not lead to a chronic carrier
state. Effective immunization exists against 
hepatitis A virus.

Some patients with hepatitis A virus infection
develop acute renal failure and nephrotic syn-
drome, presumably due to hepatitis A virus–
triggered immune-mediated renal injury in
genetically susceptible individuals. Acute viral
hepatitis A can progressed to autoimmune 
hepatitis.

Hepatitis B

In many patients hepatitis B virus (HBV) infec-
tion is subclinical; others, however, become
chronic carriers, serve as a reservoir for further
spread, and develop chronic liver disease,
including cirrhosis. A direct relationship exists
between chronic hepatitis B infection and hepa-
tocellular carcinoma. Thus in South African
blacks, those positive for hepatitis B surface
antigen had a 23-fold increased risk of develop-
ing a hepatocellular carcinoma (29); those pos-
itive for hepatitis C serology had a sevenfold
increased risk, while those with both hepatitis B
and C markers had a relative risk of 82. The
study estimates that HBV causes about 43% 
of hepatocellular carcinomas in South African
blacks, hepatitis C 5%, and co-infection with
both 20%. Hepatitis B infection probably is a
factor in China, while hepatitis C virus plays a
similar role in Southern Europe and Japan.
Hepatitis B virus is also suspected to have a role
in other cancers.

Hepatitis B infection is transmitted vertically
from mother to child. Infection in some infants
progresses to fibrosis and eventual cirrhosis.

A histologic finding of hepatocyte loss,
cholestasis, periportal fibrosis, and inflamma-
tion is called fibrosing cholestatic hepatitis. It is
a variant of HBV infection, and affected patients
have a high rate of liver failure.

Immunization against HBV is available.

Hepatitis C

Hepatitis C virus (HCV) infection is believed to
cause at least 90% of previously called non-A,
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non-B hepatitis. In the United States approxi-
mately 1.4% of the population is infected. In-
fection is acquired by either blood product
transfusions or intravenous drug abuse. It is a
common infection in hemophiliacs. In some
patients the mode of transmission is not known.
Vertical and sexual transmission is uncommon.

Hepatitis during the acute phase is invariably
mild and often subclinical, but most infections
become chronic. The clinical course of hepatitis
C infection is unpredictable.A rough estimate of
mean time between initial infection and diag-
nosis of chronic hepatitis is 10 years, 10 years
more for cirrhosis to develop, and another 10
years before hepatocellular carcinoma is discov-
ered, although considerable individual variation
exists. Even with advanced disease, half the
patients are asymptomatic. Normal biochemical
tests do not exclude viral replication in anti-
HCV–positive individuals. Different viral geno-
types are associated with different severity of
liver disease. For instance, HCV type 1b is over-
represented in patients developing cirrhosis and
hepatocellular carcinoma and influences the
carcinoma risk in cirrhosis.

An association exists between HCV infection
and autoimmune diseases. Infection leads to
autoimmune hepatitis, membranoproliferative
glomerulonephritis, thyroiditis, and such skin
disorders as porphyria cutanea tarda and pos-
sibly lichen planus.A relationship with Sjögren’s
syndrome and possibly even Behçet’s syndrome
is suspected. An association with Guillain-Barré
syndrome (an acute demyelinating neuropathy
believed to have an autoimmune basis) has been
suggested. It has been implicated in periarteri-
tis nodosa.

Unlike many other human viruses, hepatitis C
virus is an RNA virus and does not appear to be
integrated into host cell genome. Carcinogene-
sis of HCV infection is generally explained by its
ability to cause hepatic inflammation, regenera-
tion, fibrosis, and eventual cirrhosis, yet some
patients appear to progress from chronic hepa-
titis directly to carcinoma without developing
cirrhosis.

An interesting association appears to exist
between HCV serology and primary hepatic
lymphoma. Hepatitis C virus is both hepa-
totropic and lymphotropic and in some patients
results in a mixed essential cryoglobulinemia, a
lymphoproliferative condition that on occasion

evolves into non-Hodgkin’s lymphoma. The
virus is detected in some lymphoma tissue.
Anti–hepatitis C virus antibodies are detected
in almost half of B-cell non-Hodgkin’s lym-
phoma patients. Likewise, an occasional patient
with chronic HCV infection develops reactive
lymphoid hyperplasia (pseudolymphoma), with
imaging suggesting a focal hepatocellular carci-
noma; biopsy should be diagnostic.

Gray-scale US findings do not correlate with
liver biopsy findings in patients with chronic
HCV infection. Imaging does detect perihepatic
lymphadenopathy, however, with number and
size related to HCV activity (30). Gray-scale US
can document the response to therapy. Lymph
nodes appear hyperintense relative to the liver
on T2-weighted MRI.

No current immunization is available against
this virus. Interferon is the treatment of choice
for chronic HCV infection, but relapse rate is
high.

Hepatitis D

Humans are probably the only host for hepati-
tis D virus. Its major focus in the United States
is in drug addicts. It progresses to chronic 
hepatitis and cirrhosis.

Hepatitis E

Hepatitis E has a worldwide distribution and is
a cause of considerable morbidity and mortal-
ity in the developing world. This virus is spread
through contaminated water. Infected individu-
als develop cholestatic jaundice, generally with
few sequelae, although in pregnancy it has led
to fulminant hepatic failure.

Hepatitis G

Hepatitis G virus (HGV) is a RNA virus in the
family Flaviviridae and is transmitted by blood
transfusion. Both acute and chronic infections
occur, but its role in hepatitis is uncertain. Par-
enteral transmission appears common, and IV
drug users, hemodialysis patients, and hemo-
philiacs are prone to this infection, often in
association with HBV and HCV infections.

Hepatitis G virus appears to be sensitive to
interferon therapy.
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Epstein-Barr Virus

Infectious mononucleosis (Epstein-Barr virus
infection) is a rare cause of hepatitis; it has led
to fulminant hepatic failure.

Imaging

Hepatitis has no specific imaging findings, with
imaging generally performed to exclude other
disorders. Necrosis and regeneration on pre-
contrast CT appear as hypodense regions. Peri-
portal edema is seen as periportal hypodense
regions on CT and hyperintense regions on 
T2-weighted MRI. Ultrasonography is usually
normal, although at times a heterogeneous
hyperechoic appearance is found.

During the initial stage of severe acute hepa-
titis, a transient decrease in portal blood veloc-
ity is followed by a rebound, but in chronic viral
hepatitis decreased portal blood velocity corre-
lates with the degree of fibrosis.

Fulminant Hepatic Failure/Necrosis

Clinical

Acute hepatic encephalopathy within 8 weeks of
hepatocellular disease in an otherwise healthy
patient is considered fulminant hepatic failure.
In most patients the etiology is not known,
while in others a viral infection or chemical or
drug poisoning is the responsible agent. Even
exertion-induced heat stroke has led to fulmi-
nant liver failure. Coagulopathy is a common
feature. These patients have a high mortality
rate. An uncommon cause for chronic liver
failure is extensive liver involvement by a malig-
nant vascular tumor.

Hypoglycemia is a complication of fulminant
hepatic failure; causes appear multifactorial 
and include associated hyperinsulinemia and
possible hypoglycemic agents secreted by the
liver.

Therapy focuses on providing temporary
liver function until subsequent resumption of
regeneration. A number of artificial liver assist
devices have been evaluated. Auxiliary liver
transplantation, retaining the recipient liver,
is one alternative. During immunosuppressive
therapy, such an auxiliary liver functions nor-
mally while native liver function is almost
absent; immunosuppressive therapy is with-

drawn after native liver function improves, and
then the graft either atrophies or is removed.
Technetium-99m–mebrofenin (2,4,6-trimethyl,
5-bromo iminodiacetic acid) (BrIDA) scintigra-
phy can distinguish the relative function of both
donor and recipient livers.

In some patients liver transplantation is the
only viable option. But a word of caution is war-
ranted prior to liver transplantation in a patient
with idiopathic fulminant hepatic failure. An
occasional patient with massive liver necrosis 
is found to have diffuse liver carcinoma. Other
rare causes of acute hepatic failure are diffuse
cholangiocellular carcinoma and infiltration by
acute lymphoblastic leukemia.

Imaging

Iodinated contrast agents should be used with
caution in these patients to prevent accentuat-
ing associated renal failure.

Fulminant liver failure results in heteroge-
neous CT contrast enhancement. The periportal
spaces enlarge, seen as periportal low attenua-
tion regions. This is a nonspecific finding seen
also in congestion, bleeding, and tumor infiltra-
tion. Serial CT reveals that liver volume changes
little in survivors, while it decreases in non-
survivors. Poorly defined hypodense regions
develop in some patients, representing regener-
ating nodules; they enhance to iso- or even
hyperdense with contrast. An increase in, or late
onset of, ascites is an ominous finding.

Necrotic liver parenchyma is hyperintense on
T2-weighted SE images, whereas regeneration
appears hypointense. In general, regenerating
nodules have an opposite appearance to regions
of necrosis.

Blood clearance and receptor indices from
Tc-99m-GSA imaging of patients with fulmi-
nant hepatic failure and acute hepatitis allow
distinction between the two entities (31); also,
all fulminant hepatic failure survivors had
receptor indices of 0.58 or more, but in five of
six patients who later died, the receptor index
was 0.58 or less. (The receptor index is the liver
radioactivity divided by that of liver plus heart.
The blood clearance index is the heart radio-
activity at 15 minutes divided by that at 5
minutes after the injection.)

Serial Tc-99m-GSA scintigraphy monitors
improvement; it predicts hepatic recovery
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earlier than is possible with more conventional
biochemical methods and provides information
about both hepatic functional reserve and mor-
phologic changes by detecting lobe enlargement
or atrophy.

Serial determination of liver and spleen
volumes appears related to prognosis. Thus 
in patients with severe acute hepatitis or with
fulminant hepatic failure, a close relationship
exists between survival and changing rates of
liver and spleen volumes as measured by CT
(32); a decrease in liver volume accompanied 
by a decrease in spleen volume implies a good
prognosis; a decrease in liver volume without a
decrease in spleen volume implies a bad prog-
nosis.

Drug and Toxin-Related Hepatitis

Numerous antibiotics, other drugs, and chemi-
cals result in cholestasis or, on a more chronic
basis, lead to biliary obstruction. Even ecstasy, a
synthetic amphetamine, has been implicated.
Cholestasis, whether drug-induced or due to
some other agent, is discussed later (see Meta-
bolic and Related Disorders). The cholangitis-
like appearance seen after intrahepatic artery
injection of various agents, termed secondary
sclerosing cholangitis, is covered in Chapter 8.

Ductular obstruction, also termed cholangi-
olitis or cholangiopathy, ranges from an acute
condition that is reversible when the inciting
agent is withdrawn to progressive damage and
a picture mimicking biliary cirrhosis.

Granulomatous Hepatitis

Granulomatous hepatitis is not a specific
disease but a histologic description. Although
tuberculosis and sarcoidosis are commonly
associated with liver granulomas, this condition
also develops with a number of bacterial, fungal,
and parasitic infections and a variety of drugs.
An occasional lymphoma results in granulomas.
A rare association exists between granulomas
and Graves’ hyperthyroidism. Langerhans cell
granulomatosis can result in liver nodules.
Chronic granulomatosis is a cause of liver
failure. A diagnosis is not always clear in a
setting of granulomas.

Prior infection by histoplasmosis results in
calcified granulomas scattered throughout the

liver and spleen. These granulomas are readily
detected by CT and are similar to those seen
with tuberculosis.

Autoimmune Hepatitis

Although a primary diagnosis of autoimmune
hepatitis is occasionally made, similar to gran-
ulomatous hepatitis, patients with autoimmune
hepatitis have elevated autoantibodies, hyper-
globulinemia, an abnormal serum aminotrans-
ferase level, and no other obvious liver disease.
Current evidence points to an autoimmune
basis as a pathway for a number of other disor-
ders. An overlap of autoimmune hepatitis and
primary sclerosing cholangitis exists; its rela-
tionship to primary biliary cirrhosis is not clear,
although in patients with findings of both
autoimmune hepatitis and primary biliary cir-
rhosis the latter diagnosis generally prevails.
Adding confusion, some overlap exists with
viral hepatitis and autoimmune cholangitis. It is
thus a disease of exclusion.

Autoimmune hepatitis is associated with
Felty’s syndrome, Sjögren’s syndrome, measles,
interferon therapy, gastric carcinoid, celiac
disease, and some drugs. In some patients anti-
bodies against liver cytosol appear to be a
specific immunoserologic marker of autoim-
mune hepatitis.

No specific imaging findings mark autoim-
mune hepatitis. Any detected abnormalities
generally point toward another specific disease.

Radiation Hepatitis

Radiation hepatitis manifests clinically as 
jaundice and hepatomegaly several weeks after
radiation therapy. The presumed underlying
mechanisms are Kupffer cell and vascular
endothelial damage.

Imaging identifies the boundary between
normal and irradiated liver to be sharply
defined and corresponding to the radiation
port, a finding not seen with overlapping 
ports. Once regeneration starts, the sharp
boundary becomes less well defined. Radiation
hepatitis is iso- to hypodense relative to normal
liver on CT (Fig. 7.12). Vessels in the involved
region appear normal. Postcontrast, CT appear-
ance is inconsistent and ranges from hypo- to
hyperdense.
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The involved liver parenchyma is mostly
hypoechoic on US.

Radiation hepatitis is hypointense on T1- 
and hyperintense on T2-weighted MR images.
Anecdotal reports describe iron colloid-
enhanced MRI showing decreased uptake in
acute radiation-induced hepatic injury. Eventu-
ally abnormalities either resolve or the involved
liver segments atrophy.

Metabolic and Related
Disorders
Cholestasis
An active bile acid transport system by hepato-
cytes into bile canaliculi is necessary for bile
acid flow. Bilirubin, various phospholipids, and
other components are secreted by canaliculi,
while bile duct epithelial cells secrete a bicar-
bonate-rich solution. A breakdown in any step
of this complex chain results in cholestasis.
Cholestasis, or cholestatic jaundice, is not a sep-
arate disease but a manifestation of a number of
disorders discussed below.

Drug-induced cholestasis is most often due 
to impaired hepatocellular bile secretion. With
some drugs a cholangiolitis or even a cholangi-

tis picture predominates. Whether this condi-
tion is called hepatitis, cholestasis, or cholesta-
tic hepatitis is a moot point. Other cholestatic 
conditions, including neonatal hepatitis, are 
discussed in Chapter 8.

Cholestasis is a manifestation of paraneo-
plastic syndrome in patients with malignant
lymphoproliferative diseases. Extrahepatic
Hodgkin’s disease, renal cell carcinoma, and
other cancers have been associated with
cholestasis.

Acute vanishing bile duct syndrome is usually
associated with drug or toxin use and is a rare
cause of cholestasis. It develops mostly in adults.
Rarely, cholestasis progresses to cirrhosis.

Idiopathic benign recurrent cholestasis is a
rare disorder diagnosed mostly by exclusion.

Osteoporosis and osteomalacia develop in
patients with chronic liver disease, especially
those with chronic cholestasis.

Fatty Liver (Steatosis)
Clinical

Fatty infiltration (steatosis) ranges from diffuse
to focal (Table 7.6). Drugs associated with
steatosis include tetracycline and tamoxifen
(used for adjuvant hormone therapy for breast
cancer). Fatty liver develops in a setting of het-
erozygous hypobetalipoproteinemia, and this
entity should be considered as a possible cause

Figure 7.12. Radiation hepatitis after prior radiation therapy for
breast carcinoma. CT outlines a focal, sharply defined anterolat-
eral defect (arrow). (Courtesy of Patrick Fultz, M.D., University of
Rochester.)

Table 7.6. Conditions associated with fatty liver infiltration

Obesity
Hyperlipidemia
Starvation
Alcohol
Diabetes mellitus
Cystic fibrosis
Fatty liver of pregnancy
Total parenteral nutrition
Familial heterozygous hypobetalipoproteinemia
Drugs

Steroids
Certain hepatotoxins

Metabolic liver disorders
Galactosemia
Reye’s syndrome
Fructose intolerance
Glycogen storage diseases
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of an unexplained fatty liver. Acute fatty liver in
pregnancy is discussed in a separate section.

Mild hepatic iron overload develops in some
patients with nonalcoholic steatohepatitis,
possibly due to the concomitant presence of
the hemochromatosis gene mutation; homozy-
gous or heterozygous mutations of this gene 
are common in patients with nonalcoholic
steatohepatitis.

A minority of patients receiving intraperi-
toneal insulin during peritoneal dialysis develop
subcapsular steatosis, seen with CT as subcap-
sular hypodense nodules or rindlike regions
(33).

Steatosis generally improves once a known
inciting agent is removed.

Diffuse Steatosis

Both CT and US provide qualitative rather 
than quantitative evidence of liver fat. Precon-
trast CT suggests steatosis if liver attenuation is
less than the spleen; typical criteria for steatosis
consist of liver attenuation 10 HU less than
spleen or a liver-to-spleen ratio of <0.9. Post-
contrast, the spleen is not an accurate reference
standard; muscle tissue is an adequate standard
only if fatty infiltration is pronounced. Contrast-
enhanced CT in fatty infiltration reveals normal
vessels coursing through fat, rather than being
displaced as is often the case with a neoplasm.

Ultrasonography of diffuse fatty infiltration
reveals a hyperechoic pattern throughout the
liver, to the point of masking the normally
hyperechoic portal vein wall. Kidneys have been
used as a standard to establish liver echogenic-
ity. The hepatorenal echo intensity difference is
greater in fatty livers than in normal livers; a
hepatorenal difference of >7 dB is a sensitive
indicator of a fatty liver.

Because a normal pancreas is slightly more
hyperechoic than a normal liver, it too is a 
useful landmark to detect increases in liver
echogenicity.

Magnetic resonance spectroscopy measures
the lipid volume fraction in liver steatosis. Spin-
echo (SE) sequences are relatively insensitive 
in detecting fatty infiltration. Chemical shift
imaging using in-phase and opposed-phase SGE
sequences distinguishes proton signals from
water and fat. Imaging with fat and water
protons in-phase results in their signals being
additive, while opposed-phase imaging leads 

to their cancellation. Thus on opposed-phase
images normal liver parenchyma has an isoin-
tense signal and fat appears hypointense and
these sequences are useful to detect liver fat.
In-phase and opposed-phase GRE sequences
provide complementary diagnostic information
in the liver; in a fatty liver some focal lesions are
obscured if only opposed-phase sequences are
used, and for full assessment both are necessary.
Fat detection is a complex MR topic, and both
fat-suppressed and water-suppressed MRI have
certain advantages in specific instances.

Postcontrast, simple fat deposition enhances
in a similar pattern to normal liver parenchyma.
Fat within abnormal tumors, on the other hand,
tends to follow the underlying tumor enhance-
ment pattern.

Focal Fatty Infiltration

Pathogenesis of focal fatty infiltration is not
clear. Focal infiltration has a predilection for
sites close to the falciform ligament and adja-
cent to gallbladder fossa. An anomalous portal
venous supply, such as aberrant gastric venous
drainage, is associated with focal fatty infiltra-
tions. The importance of different insulin levels
in an aberrant portal vessel as an inductor of
steatosis is conjecture.

Focal fatty infiltration is segmental and often
wedge-shaped in appearance; it should not be
spherical in outline. As the term suggests,
fat infiltrates and should not displace vessels.
Rarely, focal involvement appears as multiple
small lesions mimicking metastases or
abscesses. Some focal infarcts have a similar
appearance.

Ultrasonography of focal fatty infiltration
shows a normal liver parenchyma containing
fatty hyperechoic regions.

The MRI typically reveals a wedge-shaped
region, hyperintense on T1-weighted images
and extending to the periphery. Magnetic reso-
nance imaging appearance is not pathogno-
monic; an intrahepatic cholangiocarcinoma can
have a similar appearance. Post-ferumoxides,
fatty infiltration is relatively high in intensity in
all on T1-weighted images, with these regions
ranging from hyper- to isointense on T2-
weighted images (34).

Kupffer cells tend to be present in fatty in-
filtration, evidenced by Tc-99m–sulfur colloid
uptake. A minority of focal fatty infiltrations,
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however, has no colloid uptake and the appear-
ance mimics a metastasis.

Focal Sparing

Focal regions of sparing are found in some
patients with generalized fatty infiltration.
Diffuse fatty infiltration with focal sparing
tends to be segmental, with sparing having a
predilection for segment IV and specific sites,
such as subcapsular, close to the porta hepatis,
and adjacent to the interlobar fissure. Efferent
gallbladder blood flow plays a role in focal
sparing at the gallbladder fossa. Doppler US
reveals blood flow from the gallbladder in many
patients with adjacent focal sparing. Thus focal
sparing depends to some degree on whether the
gallbladder is intact or not. In patients with fatty
infiltration, gray-scale US detected focal sparing
more often in patients with an intact gallblad-
der than in those with a prior cholecystectomy.
An association exists between sparing along 
the posterior edge of segment IV and aberrant
gastric venous drainage to this segment. A focal
decrease in portal blood flow to this segment 
is the most likely cause of such sparing. Focal
sparing of a fatty liver develops in a setting of
an arterioportal shunt, presumably due to a
decrease in portal blood flow.

Focal sparing is hyperdense both with pre-
and postcontrast CT and appears as a hypoe-
choic focus with US. Difficulty arises in a fatty
liver in differentiating focal sparing from 
neoplasms.An occasional metastasis can appear
as a wedge-shaped hyperdense region on
nonenhanced CT, similar to focal sparing in a
fatty liver, due to focal intrahepatic portal vein
obstruction.

Regions of focal sparing, representing normal
liver containing reticuloendothelial cells, take
up the SPIO contrast agent ferumoxides. Focal
sparing thus reveals a signal loss and has a low
intensity on T1- and T2-weighted images (34).

Liver metastases appear to be less common in
patients with a fatty liver than in a normal liver.
When present, their appearance is modified by
the underlying fat (Fig. 7.13).

Cirrhosis
Cirrhosis is a reaction by the liver to chronic
hepatocyte injury and is often classified mor-
phologically into micronodular and macron-

odular.A micronodular pattern predominates in
alcohol-induced cirrhosis (also called portal 
or nutritional cirrhosis), while viral hepatitis
generally has more of a macronodular appear-
ance, but such a differentiation is not clear-cut,
overlap exists, and with time micronodular cir-
rhosis tends to evolve into a mixed or macron-
odular appearance. So-called cardiac cirrhosis
develops in some patients with chronic right-
sided cardiac failure, especially in patients 
with constrictive pericarditis; the liver grossly
mimics that seen in Laënnec’s cirrhosis, except
hepatic vein and sinusoidal congestion are
evident. Cirrhosis due to biliary causes is 
discussed in later sections.

Etiologies of cirrhosis range from infectious,
chemical, metabolic, and immunologic, to idio-
pathic. In children, causes of cirrhosis include
Wilson’s disease, primary Budd-Chiari syn-
drome, and glycogen storage disease. Cirrhosis
in children is usually progressive and chronic,
with attempts at regeneration resulting in a
nodular and irregular liver outline.

In the Western world chronic alcoholism is
the most common associated factor for cirrho-
sis, while in Asia chronic hepatitis predomi-
nates. Less common are hemochromatosis,
chronic biliary obstruction such as Oriental
cholangiohepatitis, chronic congestive failure,
reaction to toxic substances such as methotrex-
ate therapy, and idiopathic conditions such as
primary biliary cirrhosis.

Figure 7.13. Metastatic breast carcinoma in a fatty liver. Multi-
ple nodules are scattered throughout a heterogeneous, poorly
enhancing liver. (Courtesy of Patrick Fultz, M.D., University of
Rochester.)
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A clinical classification of hepatic reserve is
outlined in Table 7.7. In spite of new prognostic
models such as the model for end-stage liver
disease (MELD), short- and long-term prognos-
tic indices (STPI and LTPI), and the Rockall
score and Emory score for assessing prognosis
in patients with liver disease, little evidence sug-
gests that the long-used Child-Turcotte
classification should be replaced. It is a useful
guide in both a setting of portal hypertension
and other conditions leading to hepatic failure;
it correlates with prognosis.

Preoperative CT in patients with end-stage
cirrhosis prior to liver transplantation detects
enlarged lymph nodes in about half, mostly
located in the porta hepatis and hepatoduode-
nal regions; adenopathy is most common in a
setting of primary biliary cirrhosis and less
common in alcohol-related cirrhosis. Histology
reveals benign nodal hyperplasia.

Laënnec’s Cirrhosis

The precise etiology of a shrunken liver com-
posed of small grains, elegantly described by
Laënnec in 1826, is unknown. A number of
congenital and acquired conditions have cir-
rhosis as their final end point, but the current
tendency is to distinguish them from classic
Laënnec’s cirrhosis on both clinical and 
pathologic grounds. Histologically, Laënnec’s
cirrhosis consists of hepatocellular necrosis,
regenerating nodules, fibrosis, and steatosis,
with the specific appearance in any one patient
depending on the stage of disease. Superim-
posed inflammation is often identified. A
nodular liver outline is common, with nodular-
ity probably being secondary to both regenera-
tion and distortion produced by fibrosis. From
a clinical viewpoint, loss of liver function
evolves into portal hypertension and its associ-
ated myriad complications.

For unknown reasons some patients with
Laënnec’s cirrhosis develop primary pulmonary
hypertension. An association of cirrhosis,
ascites, and pleural effusion is not uncommon.
A rare cirrhotic patient develops hydrothorax
with little or no evidence of ascites.

Both regenerating nodules and dysplastic
nodules develop in livers involved by Laënnec’s
cirrhosis. These are discussed in a later section
(see Nonneoplastic Tumors) because from an
imaging viewpoint they are part of a differential
diagnosis for focal liver tumors.

Imaging

Liver US is probably the most common screen-
ing examination performed in patients with
suspected diffuse liver disease; it is also useful
in routine follow-up. Nevertheless, in a setting
of diffuse liver disease a strong point can be
made for liver-specific contrast-enhanced MRI;
if deemed necessary, a single MR study can
combine unenhanced and enhanced MR to 
evaluate liver parenchyma, magnetic resonance
cholangiopancreatography (MRCP) for bile
duct visualization, and MRA to study liver 
vasculature.

From an imaging viewpoint, Laënnec’s cir-
rhosis and most macronodular cirrhoses are
generally treated as similar entities; with some
exceptions, imaging findings tend to be similar,
regardless of the inciting cause. One exception
is that the caudate lobe is significantly larger,
and the presence of a right posterior hepatic
notch is more common in patients with alco-
holic cirrhosis than in those with viral-induced
cirrhosis (35).

Nevertheless, serial MR follow-up of patients
with progressing viral-induced cirrhosis also
shows right lobe and medial segment atrophy,
correlating with clinical findings (36); in
patients with stable disease the caudate lobe and
lateral segment continue to increase in size.

Typical temporal findings show that initially
the liver enlarges, then the right lobe and medial
segment of the left lobe atrophy, and the caudate
lobe and lateral segment of the left lobe become
prominent, findings described years ago with
rectilinear scintigraphy. This change in relative
lobe size is rather specific for cirrhosis. A CT-
based caudate-to-right lobe ratio of >0.65 is
strong presumptive evidence for cirrhosis.

Table 7.7. Child-Turcotte classification of hepatic reserve

Category
Parameter A B C

Bilirubin (mg/dL) <2 2–3 >3
Albumin (g/dL) >3.5 3–3.5 <3
Ascites None Treatable Refractory
Encephalopathy None Minimal Severe
Muscle mass Normal Fair Poor
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Eventually the liver shrinks. These changes are
not invariable and about 25% of end-stage cir-
rhotic livers are normal in size.At times unusual
atrophic and hypertrophic combinations lead to
a bizarre appearance.

Initially CT detects a mild diffuse increase in
attenuation, although more often liver attenua-
tion remains within a normal range. Post-
contrast, no significant difference in vascular
enhancement and liver enhancement is evident
during the arterial phase in patients with and
without cirrhosis, but portal venous phase
enhancement is significantly lower in cirrhotics.
The liver margin varies from smooth, to
nodular, to a lobular appearance.

Regeneration, fibrosis, fatty replacement, and
vascular shunting lead to an inhomogeneous
postcontrast CT appearance. At times thick,
fibrotic bands interlace the liver. Peripherally
located vessels become attenuated. Some
patients develop small peribiliary cysts. More
prominent collateral shunts become apparent
postcontrast. Although intrahepatic arterio-
portal shunts are more common with hepato-
cellular carcinomas, they do occur in cirrhotic
livers.

Mesenteric edema is common in cirrhotics; it
occurs alone or in combination with omental or
extraperitoneal edema. The CT appearance of
mesenteric edema varies. About two thirds of
patients have gastrointestinal wall thickening,
and most often the jejunum and ascending
colon are affected, with thickening being multi-
segmental, concentric, and homogeneous in
appearance (37).

The CT appearance of cirrhosis is mimicked
in patients undergoing systemic chemotherapy
for breast cancer metastatic to the liver.

Liver outline, reflectivity, attenuation, and
size are US criteria used to diagnose cirrhosis.
Liver surface nodularity is recognized if ascitic
fluid is identified adjacent to the liver, keeping
in mind that subcapsular metastases also result
in a nodular appearance. Fibrosis and fat
produce a coarse, heterogeneous hyperechoic
appearance. This appearance is also nonspecific
and is seen in fatty infiltration and with some
neoplasms, such as hepatocellular carcinoma,
lymphoma, and metastases. The quadrate lobe
transverse diameter (segment IV), measured on
oblique subcostal US scans, was 43 mm in con-
trols and 28 mm in cirrhotics (38). A ratio of
caudal lobe width to right lobe width is another

sonographic sign of cirrhosis; a cut-off value of
0.65 provides high specificity but low sensitiv-
ity. An increased ratio is also seen in other dis-
orders. In general, the US findings of a normal
liver, fatty liver, and chronic liver disease such as
cirrhosis overlap somewhat, although differen-
tiation can often be made.

In children, a Doppler US finding of portal
vein velocity <20 cm/sec identified cirrhosis
with a sensitivity of 83% and specificity of
100%, better than that achieved with arterio-
portal velocity ratios or hepatic artery visuali-
zation (39), sensitivity increased to 91% when
all three signs were evaluated together.

The MRI findings are similar to those seen
with CT. Magnetic resonance imaging identified
hilar periportal enlargement in 98% of patients
with pathologically proved early cirrhosis who
did not have any other imaging findings of
cirrhosis, a finding occasionally also seen in
normals (40); mean hilar periportal fat thick-
ness was significantly greater in early cirrhotics
(16 ± 6 mm) than in controls (5 ± 3 mm), with
the sensitivity and specificity of this finding 
for diagnosing cirrhosis (using a cutoff value of
10 mm) being 93% and 92%, respectively. A
widened gallbladder fossa also appears to be a
specific MR indicator of cirrhosis.

Fibrosis is hypointense on T1- and also
hypointense on T2-weighted images, although
the presence of fluid varies the T2-weighted
appearance. Postcontrast, fibrosis does not
enhance during the arterial phase but shows
greatest enhancement during hepatic venous
phase. Intervening liver parenchyma (or
nodules) tends to be hypointense on T1- and
hyperintense on T2-weighted images. Postcon-
trast parenchymal enhancement is mild in most
patients; in a minority, large, irregular regions
of prolonged enhancement mimic the appear-
ance of hepatocellular carcinoma.

A MR scoring system distinguished between
clinical Child-Pugh grade A cirrhosis and
further severity grades with a sensitivity of 93%
and specificity of 82% (41); the scoring system
was based on four factors: spleen volume index,
volume index of posterior + medial + lateral
liver segments, the presence of ascites, and the
presence of collateral vessels.

Gadolinium results in greater enhancement
in cirrhotic livers than noncirrhotic ones;
enhancement varied from homogeneous to 
heterogeneous.
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The Mn-DPDP-enhanced T1-weighted GRE
MRI reveals significantly less enhancement in
cirrhotic than noncirrhotic livers, presumably
due to extensive fibrosis. Nevertheless, lesion
characterization is significantly improved in cir-
rhotic patients after administration of Mn-
DPDP (42).

Computed tomography and MR have to a
large extent replaced scintigraphy in evaluating
cirrhosis. Liver reticuloendothelial function
decreases in cirrhosis, leading to decreased Tc-
99m sulfur colloid uptake and increased uptake
by the spleen and other organs. An enlarged
caudate lobe is often evident.

In vivo P-31 MR spectroscopy in cirrhotics
reveals phospholipid metabolism abnormali-
ties, although in any one patient in vivo findings
do not necessarily mirror biopsy results.

Vascular Abnormalities

Dynamic contrast-enhanced single-section liver
CT provides data for aortic, hepatic, and portal
vein time-density curves, which are used to cal-
culate liver perfusion, arterial fraction, distribu-
tion volume, and mean transit time. Hepatic
perfusion parameters are significantly altered in
cirrhosis and vary with the severity of disease.
Patients with advanced cirrhosis tend to
develop portal and mesenteric vein calcifi-
cation; some portal vein calcifications are asso-
ciated with portal venous thrombosis.

Portal Vein

Portal vein flow, as determined by duplex 
US, varies with the degree of cirrhosis. Portal
vein velocity also decreases with progression of
cirrhosis and is a more sensitive indicator than
splenic vein velocity. Little correlation exists
among portal vein flow, splenic vein flow, and
extent of esophageal varices, explained, in part,
by the presence of collateral circulation. The loss
of reversed flow in the hepatic veins is a
common finding in established cirrhosis.

Shunting

Arterioportal shunting is not uncommon in 
cirrhosis. These shunts vary in their CT arterial
portography appearance, ranging from single to
multiple and from irregular, wedge-shaped to
round. The margins vary in sharpness, and con-

trast enhancement is apparent in some. Smaller
ones undoubtedly are not identified by pre- and
postcontrast imaging and blend into normal
liver parenchyma. Also complicating the issue is
that arterioportal fistulas develop not only in
cirrhotic livers but also in superimposed hepa-
tocellular carcinomas.

Color Doppler US is useful in indirect shunt
detection; an intrahepatic arterioportal fistula
should be suspected when the resistance index
(RI) in one hepatic lobe is decrease at least 20%
relative to the other lobe, the pulsatility index
(PI) is decreased at least 30%, and portal blood
flow in the lobe with decreased RI and PI is
reversed (43). An actual fistula is confirmed by
angiography.

More prominent arterioportal shunts are seen
as hyperintense regions precontrast MR and
after SPIO contrast on T2-weighted TSE images.

These patients also develop hepatic arte-
riosystemic venous shunting. By infusing D-
sorbitol into the hepatic artery, a substance
whose first-pass hepatic extraction is normally
high, any resultant systemic availability reflects
arteriovenous shunting. Considerable shunt
variability is evident in cirrhotic patients.

In a cirrhotic liver and aberrant gastric
venous drainage, the focal liver region involved
by aberrant drainage is hypodense on CT,
hypoechoic with US, and hyperintense on T1-
and hypointense on T2-weighted MRI; as
expected, this region shows early enhancement
with dynamic CT and MRI.

Hepatic Veins

Abnormal hepatic vein Doppler waveforms are
found in most patients with established cirrho-
sis, although little correlation exists between
degree of liver failure and flow alterations.

Hepatic venography in patients with cirrho-
sis shows patchy parenchymal opacification.
Visualized hepatic vein branches are distorted
and compressed.

Hepatic Artery

The postprandial hepatic artery RI does not
increase as much in patients with liver disease
as in those with a normal liver. In particular,
patients with Child-Pugh class C disease have 
an increase in resistance of <10% rather than
>40% as found in a normal liver. This change
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mirrors findings in portal blood flow discussed
previously. Whether this finding in cirrhotics 
is due to vascular or parenchymal factors is
unknown.

Complications

Neoplasm

Current knowledge suggests that a hepatocellu-
lar carcinoma developing in a setting of cirrho-
sis evolves from regenerating nodules to
dysplastic nodules (both are discussed in a later
section). These cancers tend to be insidious,
multifocal, and difficult to detect by most
imaging modalities. An occasional cancer is
identified as a smaller nodule within a larger
regenerating nodule.

Although a hepatocellular carcinoma devel-
oping in a noncirrhotic liver is often resected or
treated locally, in a setting of cirrhosis liver
transplantation is a more viable option. Pre-
operative detection of multiple cancer foci or
diffuse liver involvement is generally considered
a contraindication to liver transplantation
because invariably metastases are present. A
number of unsuspected hepatocellular carcino-
mas are first detected after liver transplantation.

What is the risk of harboring an unsuspected
hepatocellular carcinomas in a setting of
advanced cirrhosis? Data for this question are
available from liver transplantation studies, but
the answer varies depending on whether cir-
rhosis is posthepatitic or Laënnec in etiology.
Unsuspected hepatocellular carcinomas were
most prevalent with hepatitis B (27%) and hep-
atitis C (22%), less so with other etiologies of
cirrhosis (44); serum a-fetoprotein levels did
not suggest most small tumors.

A retrospective orthotopic cirrhotic liver
transplantation study found that preoperative
CT identified 61% of 18, CT during arterial por-
tography (CTAP) 58% of 12, and MR 62% of
21 malignant tumors (45); most missed tumors
were <2 cm in diameter.

Extensive fibrosis tends to mimic a neoplasm
on unenhanced CT, although postcontrast CT
aids in differentiating these two entities. Post-
contrast MRI is also useful in differentiating
between fibrosis and tumor; hepatocellular 
carcinomas enhance more during the arterial
phase, while fibrosis enhances during the portal
phase.

Ultrasonography is used as a screening test to
follow patients with cirrhosis. Such a screening
program performed every 6 months can lead to
earlier detection of smaller, potentially curable
hepatocellular carcinomas. A more basic ques-
tion is whether such screening is cost-effective.
For most Western patients with Child-Pugh
class A cirrhosis, screening with a-fetoprotein
and US every 6 months appears to provide a
negligible benefit in increased life expectancy
(<3 months), even when the risk of cancer is
high (6% per year) (46); for some patients with
a predicted cirrhosis-related survival rate above
80% at 5 years, however, screening may increase
mean life expectancy by several months.

Some evidence suggests that patients with
cirrhosis have an higher prevalence of extra-
hepatic cancers than would be expected.

Other Complications

Some patients with cirrhosis develop small peri-
biliary cysts adjacent to portal vein branches
(peribiliary cysts are discussed later). Com-
puted tomography reveals small periportal
cysts. Ultrasonography shows these cysts as
round or tubular anechoic region around major
portal tracts. With time, these cysts tend to
enlarge, and differentiation from bile ducts is
difficult.

In general, the risk of systemic bacterial
infection increases with the severity of the cir-
rhosis. Infection with Vibrio parahaemolyticus
is associated with ingestion of raw seafood; in
most patients this infection results in gastroen-
teritis, but in cirrhotic patients it has led to 
fatal sepsis. Spontaneous Streptococcus bovis
bacterial peritonitis should raise suspicion for
cirrhosis.

In an autopsy study, 2% of patients with viral-
induced cirrhosis or subacute liver atrophy
developed clinically unsuspected phlegmonous
colitis (47).

Hepatorenal syndrome is a known complica-
tion of liver disease. Believed to represent a 
circulatory dysfunction primarily involving
arterial circulation, patients with hepatorenal
syndrome do not maintain a normal effective
arterial blood volume. Early changes consist 
of renal vasoconstriction detectable by renal
Doppler US. And Doppler US thus identifies 
cirrhotics potentially at risk for developing
hepatorenal syndrome.
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Endoscopic retrograde cholangiopancreatog-
raphy reveals evidence of chronic pancreatitis in
a minority of cirrhotics. Most of these findings
are in patients with alcoholic cirrhosis.

Cirrhotics have a higher prevalence of peptic
ulcer disease than the general population. Heli-
cobacter pylori does not appear to play a role in
these patients.

Cirrhotic patients have a significantly lower
bone mineral density than controls.

Primary Biliary Cirrhosis

Clinical

Of unknown pathogenesis, primary biliary 
cirrhosis is probably neither autoimmune nor
infectious in origin, although it is associated
with autoimmune hepatitis. A strong associa-
tion exists with antimitochondrial antibodies
(AMAs), yet some patients are AMA negative
and antinuclear antibody positive; the latter is
also called autoimmune cholangitis (or cholan-
giopathy) rather than primary biliary cirrhosis.
Whether patients with so-called autoimmune
cholangitis (i.e., those with an absence of antim-
itochondrial antibodies) should be consigned to
a separate disease entity or considered to have a
variant of primary biliary cirrhosis is conjecture
(autoimmune cholangitis is also discussed in
Chapter 8). Few differences are evident in clini-
cal and serologic features in AMA-negative 
and AMA-positive primary biliary cirrhosis
patients.

A relationship exists between primary biliary
cirrhosis and Sjögren’s syndrome. In fact,
Sjögren’s syndrome is one of the most frequent
extrahepatic associations of primary biliary 
cirrhosis, and some investigators consider that
primary biliary cirrhosis is a secondary form of
Sjögren’s syndrome. Celiac sprue appears to be
more common among patients with primary
biliary cirrhosis than the general population. A
rare patient also has chronic autoimmune gas-
tritis or idiopathic thrombocytopenic purpura.

No association is believed to exist with
inflammatory bowel disease, which distin-
guishes this condition from sclerosing cholan-
gitis. Pregnancy probably has no effect on
disease activity.

Pulmonary alveolar diffusion capacity is
often impaired in these patients, although such
impairment is usually asymptomatic. An asso-

ciation between primary biliary cirrhosis and
bronchial asthma has been reported. Severe
hypoxemia has developed.

Patients with primary biliary cirrhosis are
believed not to be at increased risk for develop-
ing hepatocellular carcinoma. Nevertheless,
hepatocellular carcinoma and even a cholangio-
carcinoma does occur occasionally.

The majority of patients are middle-aged
women. Typically an early prodromal stage with
mild elevation of liver function tests leads to
cholestasis, although some patients are sympto-
matic even prior to cholestasis.

Sacral insufficiency fractures have developed
in women with primary biliary cirrhosis.

Pathology

Progressive destruction of intrahepatic bile
ducts, surrounding inflammation, and intrahep-
atic bile stasis mark primary biliary cirrhosis.
Liver granulomas are a characteristic feature.
The granulomas are noncaseating and non-
necrotizing, consisting of epithelioid cells and
occasional giant cells. These granulomas are not
pathognomonic and are found in other disor-
ders, including primary sclerosing cholangitis.

The extrahepatic bile ducts are not involved.
The intrahepatic bile ducts attenuate and, with
progression, become somewhat tortuous and
splayed, presumably due to adjacent regenerat-
ing nodules. Histologically, the bile duct wall is
not as thickened as in sclerosing cholangitis.
Nodular regenerative hyperplasia is common.

Imaging

Imaging differentiation between primary
biliary cirrhosis and sclerosing cholangitis is
generally straightforward. A cholangiographic
“pruned-tree” appearance gradually becomes
evident (Fig. 7.14); the exception is in a minor-
ity of patients with sclerosing cholangitis who
have involvement only of small intrahepatic
ducts; a gradual obliteration of these ducts may
eventually lead to an appearance mimicking
primary biliary sclerosis.

Computed tomography initially detects an
enlarged or normal-size liver having a smooth
contour; fibrosis and regenerative nodules are
evident in about one third. Varices and ascites
gradually develop. With advanced disease, CT
findings are similar to those seen in other types
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of cirrhosis, except for a higher prevalence of
diffuse liver enlargement.

A MR periportal halo sign is helpful in iden-
tifying this entity (Fig. 7.15). This sign, consist-
ing of a hypointense focus centered around a
portal vein branch and identified either on T1-
or T2-weighted images, was found in 43% of
patients with primary biliary cirrhosis await-
ing transplantation but in no other cirrhotic
patients (48).

Computed tomography identifies lym-
phadenopathy in about 90% of patients with
primary biliary cirrhosis requiring orthotopic
liver transplantation (49). Adenopathy usually
involves periportal and hepatoduodenal liga-
ment nodes, and such adenopathy must be dif-
ferentiated from that seen with neoplasms. A
rough correlation exists between the size of the
hepatoduodenal ligament lymph nodes and the
degree of hepatocellular damage.

Therapy

The most common causes of death in patients
with primary biliary cirrhosis are hepatic
failure and gastrointestinal bleeding from
varices. Currently no definitive therapy is avail-
able aside from liver transplantation. Trans-
plantation has had a significant impact on
patient survival. Nevertheless, the histologic fea-
tures suggestive of recurrence develop in some
transplant patients, with the recurrence rate
apparently influenced by the type of immuno-
suppression used. During follow-up after ortho-
topic liver transplantation, 4% of patients
developed recurrence (49).

Secondary Biliary Cirrhosis

Chronic biliary obstruction does evolve into 
cirrhosis. The overall appearance is similar to
that seen in primary biliary cirrhosis, except 
for increased bile stasis and a lack of duct
degeneration.

Liver involvement is uncommon in children
with cystic fibrosis, but increasing survival of
these patients has led to an increased number
presenting with liver disease. These older chil-
dren and young adults develop focal biliary cir-
rhosis, which eventually evolves into portal
hypertension (Fig. 7.16). Some cystic fibrosis
patients have undergone liver transplantation.
Whether screening is useful in cystic fibrosis
patients with chronic liver disease prior to
developing cirrhosis remains to be established.

Fibrosis
Fibrosis is a response to a number of chronic
liver insults. In some disorders fibrosis predom-
inates with few or no parenchymal abnormali-
ties identified.

Figure 7.14. Primary biliary cirrhosis. Only limited intrahepatic
bile ducts are filled in spite of a vigorous contrast injection.

Figure 7.15. Primary biliary cirrhosis. Transverse T1-weighted
MRI reveals round, hypointense lesions surrounding portal veins
(arrows), a finding termed the periportal halo sign. (Courtesy of
Jeffrey Wenzel, M.D., Southwest Imaging, Dallas, Texas.)
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Ultrasonography typically reveals a hypere-
choic pattern throughout a fibrotic liver. The
hyperechoic changes with periportal fibrosis are
seen mostly around the portal vein branches,
separated from the adjacent liver parenchyma
by a hypoechoic region. The underlying portal
vein branches tend to be deformed.

The MRI changes of fibrosis are rather char-
acteristic and familiar to most radiologists.
SPIO-enhanced MR imaging identifies fibrosis
by decreasing signal intensity from nonfibrotic
regions containing Kupffer cells (50). Problems
exist when fibrosis is only one part of a complex
entity.

Vanishing Bile Duct Syndrome
An occasional patient with cholestasis has nar-
rowed or small intrahepatic bile ducts (duc-
topenia) with no underlying disease being
identified. This condition, termed vanishing 
bile duct syndrome, probably represents an
immunologic or hypersensitive hepatotoxic
reaction. Numerous drugs are associated with
this condition. Pathologically, it should be sus-
pected if absent interlobar bile ducts are found
in over 50% of portal triads. Progressive
cholestasis and loss of intrahepatic bile ducts in
some of these patients develop to the point that
a liver transplant is necessary.

Superficially, the imaging appearance of van-
ishing bile duct syndrome resembles diffuse
intrahepatic sclerosing cholangitis.

Progressive cholestasis and the loss of intra-
hepatic bile ducts in some of these patients
develop to the point that a liver transplant is
necessary.

Iron Overload
Clinical

As a rough guide, a normal adult body contains
about 4 to 5 g of iron, of which 80% is in 
hemoglobin, myoglobin, and iron-containing
enzymes and 1 g of iron is stored. Ingested and
absorbed iron is bound to transferrin and
deposited in bone marrow, hepatocytes, muscle,
and other tissues, but not reticuloendothelial
cells; the latter derive their iron mostly from
phagocytosed red blood cells. Of importance
from an imaging viewpoint is that disorders
associated with too much ingested iron then
store the excess iron in the liver (hepato-
cytes) and pancreas, while iron from excess
blood transfusions is stored in the liver (reticu-
loendothelial cells), spleen, and bone marrow.
Disorders associated with excess hemolysis 
also lead to renal iron accumulation. Hemor-
rhage into tissues results in focal iron 
accumulation.

Iron is a hepatotoxin. Excess iron deposition
in body tissues without organ damage is known
as hemosiderosis. Hemochromatosis is an iron-
overload disorder with structural and func-
tional impairment of involved organs. Primary
(hereditary or genetic) hemochromatosis is 
an inherited abnormality characterized by
increased iron absorption from the gastroin-
testinal tract and resultant tissue iron overload.
It is the most common inherited single gene
disorder in those of northern European descent
(51). Two point mutations in the hemochro-
matosis candidate gene HFE are known as
C282Y and H63D. A diagnostic genotypic 
test for the C282Y mutation is available.
Although this genetic test identifies most
hemochromatosis patients, both iron-overload
patients without this mutation and homozygous
patients without iron overload also exist. In
some patients both genetic and acquired factors
play a role.

During the early latent stage of compensated
hereditary hemochromatosis, aside from iron
overload, only minimal hepatocyte damage is
evident, but iron overload beyond a critical level

Figure 7.16. A cirrhotic liver in a 24-year-old man with cystic
fibrosis and hepatic failure. The liver has a nodular outline.
Splenomegaly and vascular congestion (arrowheads) are sec-
ondary to portal hypertension. (Courtesy of Douglas S. Katz,
M.D., Winthrop University Hospital, Mineola, New York.)
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results in hepatocytic and sinusoidal cell sidero-
sis and intracellular damage and necrosis.

Classic findings of hereditary hemochro-
matosis consist of bronze diabetes and an
underlying cirrhosis, although currently a diag-
nosis is more often made at an earlier stage.
Ideally, the quantity of liver iron overload is
determined from a liver biopsy, but the diagno-
sis is often based mostly on an elevated fasting
transferrin saturation level.

Hepatic iron deposition is common in tha-
lassemia and chronic hepatitis, making dif-
ferentiation between chronic hepatitis and
hereditary hemochromatosis difficult. At times
these disorders coexist; thus hepatitis C and
hereditary hemochromatosis have led to end-
stage liver disease in children. Secondary
hemochromatosis develops most often in
patients requiring long-term blood transfusions
and those ingesting large amounts of iron. Mul-
tiple transfusions eventually lead to extensive
iron overload in reticuloendothelial cells, and
liver fibrosis is not a prominent feature. Bantu
siderosis patients ingest large amounts of iron,
which is stored mostly in reticuloendothelial
cells and, to some degree, in hepatocytes.

Thalassemia patients also have increased oral
iron absorption, driven not by genetic factors
directly as in hereditary hemochromatosis but
by increased erythroid hyperplasia. These
patients initially develop liver findings similar
to hereditary hemochromatosis, but additional
iron overload due to transfusions modifies this
appearance.

Sideroblastic anemia and erythropoiesis also
result in secondary hemochromatosis, some-
what similar to transfusion overload. Hemo-
siderin accumulates in sideroblasts and
hepatocytes, but not splenic reticuloendothelial
cells. As a result, these patients have a hypo-
intense liver and bone marrow but a close to
normal appearing spleen on T1-weighted MR
images. Nevertheless, some of these patients
receive blood transfusions and the MR appear-
ance can be confusing.

Untreated, patients with hereditary hemo-
chromatosis progress to cirrhosis, congestive
heart failure, and various endocrine abnormal-
ities, including diabetes mellitus. Disease pro-
gression is gradual, findings are nonspecific, and
the true cause is thus often overlooked, espe-
cially during the early phase. These patients are
at increased risk of developing a hepatocellular

carcinoma. A rare cholangiocarcinoma has
developed in hemochromatosis, but whether
this is fortuitous or not is speculation.

Imaging

A linear relationship exists between CT attenu-
ation and liver iron content. Computed tomog-
raphy sensitivity is improved by using 80 kVp
instead of the usually used 120 kVp. Neverthe-
less, CT sensitivity in measuring liver iron is
rather low, and most current research is cen-
tered on MR. When hemochromatosis is well
established, the intrahepatic vessels are at a
lower density than liver parenchyma; this
finding is not pathognomonic, and high
parenchymal attenuation is found in patients
being treated with drugs such as amiodarone
(amiodarone and its metabolites contain iodine
and are concentrated in hepatocytes), gold
therapy, prior thorium dioxide (Thorotrast) use,
and occasionally in Wilson’s disease.

Liver US is normal in most patients with early
hemochromatosis.

Being a paramagnetic substance, iron
becomes magnetized within a magnetic field,
adjacent water photons lose phase coherence,
and the overall effect is a hypointense MR
signal. Magnetic resonance imaging in heredi-
tary hemochromatosis reveals a decrease in
liver and pancreas signal intensity on T2-
weighted sequences. No such decrease in signal
intensity is found in the spleen because no
significant iron is deposited in the reticuloen-
dothelial system. In iron overload due to trans-
fusion, on the other hand, iron is deposited
mostly in the reticuloendothelial cells of the
spleen and liver, with relative sparing of liver
hepatocytes and pancreas; as a result, a
decreased signal intensity is evident on T2-
weighted images of both the liver and spleen
(Fig. 7.17). Initially in iron overload, signal
intensity on T1-weighted images is normal but
with more severe involvement a hypointense
signal also becomes evident. An inverse linear
relationship exists between iron concentration
and signal intensity liver-to-muscle ratio.
Overall, MRI detects relatively low levels of iron
overload. A mathematic model is available to
estimate iron concentrations from MR imaging
data (52), but stringent calibration is required.
Among other variables, MR field strength
influences the effect of liver iron. A correlation
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exists between iron concentrations obtained
from percutaneous needle biopsies and a ratio
of signal intensity of the liver to background
noise obtained from MR sequences. Skeletal
muscle T2 values are relatively constant over a
wide range of iron stores and can thus be used
as a reference standard. The liver-to-muscle
proton density ratio correlates with hepatic
iron, yet the low signal-to-noise ratios seen with
high iron levels are difficult to quantitate.
Although in practice MRI appears sufficiently
accurate to measure liver iron concentrations,
in general, qualitative results aid in establishing
a diagnosis but quantitative correlation is
imprecise.

Thalassemic patients without blood transfu-
sions have an MR appearance similar to those
with hereditary hemochromatosis, but after
blood transfusions the picture alters, with
excess iron in organs rich in reticuloendothelial
cells. A multicenter MR study of thalassemia
major patients suggests that the signal intensity
ratio of liver-to-muscle is related to liver iron
concentration (53). Hepatic 1/T2 values corre-
late with liver iron concentration. In general, a
close correlation exists between biopsy liver
iron levels and MR signal intensity.

Liver iron deposition introduces MR inter-
pretation problems when imaging other dis-
eases, because iron reduces parenchymal signal
intensity, and some malignant foci appear more
bright than usual and tend to simulate benign
lesions. The reverse is also true with inflamma-
tory conditions that increase parenchymal
signal intensity.

Therapy

Hereditary hemochromatosis is often not con-
sidered in patients with end-stage liver disease
because elevated iron levels are common in
many other diseases. In fact, at times hemochro-
matosis is not even diagnosed prior to trans-
plantation. An incidental hepatocellular
carcinoma is not an uncommon finding at the
time of transplantation.

These patients appear to have a higher 
posttransplantation mortality than patients
transplanted for other causes. Also, they have
increased infectious and cardiac complications.

Silicosis
Hepatosplenic silicosis also develops in patients
with pulmonary silicosis. Liver biopsy in these
patients reveals birefringent crystals in hyalin-
ized nodules.

Calcified splenic nodules are detected with
conventional radiography, CT, or US. Faint
intrahepatic calcifications or “egg-shell” lymph
node calcifications are best evaluated by CT.

Amyloidosis
Amyloidosis can be primary, secondary, or
familial. In primary systemic amyloidosis,
amyloid is deposited in the liver, spleen, and
other structures; at times primarily liver
deposits occur. A rare patient progresses to
cholestasis, severe jaundice, and hepatic failure.
Sinusoidal portal hypertension and sponta-
neous liver rupture are rare complications of
primary amyloidosis.

Liver enlargement is a prominent feature in
some patients. The liver is diffusely involved in
both primary and secondary amyloidosis, but 
at times involvement is nonuniform. Hepatic
and splenic calcifications are rare in primary
amyloidosis. When amyloidosis is well estab-
lished, noncontrast CT reveals decreased liver

Figure 7.17. Iron overload in a 10-year-old with sickle cell
disease and multiple transfusions. MR shows a markedly
hypointense liver and spleen. (Source: Burgener FA, Meyers SP,
Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic 
Resonance Imaging. Stuttgart: Thieme, 2002, with permission.)
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parenchymal attenuation. Heterogeneous
enhancement is evident postcontrast. Ultra-
sonography reveals a heterogeneous echo
pattern.

Liver transplantation is the only effective
treatment of familial amyloidosis; patients in a
good nutritional state have a significantly better
survival rate.

Sarcoidosis
Sarcoidosis, a granulomatous disorder of
unknown etiology, is commonly diagnosed on
clinical and imaging ground. The previously
used Kveim test is considered too nonspecific.
The angiotensin-converting enzyme (ACE) level
correlates with disease activity. The lungs are
primarily involved; in the abdomen, liver,
spleen, and lymph nodes are most often
involved, although hepatic sarcoidosis is usually
asymptomatic and cholestasis infrequent.

Biopsy reveals noncaseating epithelial granu-
lomas, often when liver function tests are still
normal, but other causes of liver granulomas
need be excluded, including a secondary sarcoid
reaction to a neoplasm. At times histologic 
differentiation from sclerosing cholangitis is
difficult.

Occasionally hepatic sarcoidosis progresses
to cirrhosis and portal hypertension. Resultant
esophageal variceal bleeding that some of these
patients develop is amenable to sclerotherapy,
although occasionally a shunt is necessary.

The most common CT findings of abdominal
sarcoidosis are hepatosplenomegaly and diffuse
adenopathy. In a minority of patients multiple
hypodense nodules secondary to coalescing
granulomas are found in the liver and spleen;
these nodules are better identified on contrast
CT. Periportal adenopathy is common and at
times sufficiently extensive to result in obstruc-
tive jaundice.

Sarcoid nodules are hypointense both on 
T1- and T2-weighted images. They show mild,
delayed contrast enhancement. The surround-
ing vasculature tends to be normal, thus 
differentiating these nodules from a malig-
nancy. Nevertheless, the overall imaging 
appearance often suggests metastases, lym-
phoma, or even hepatic tuberculosis, especially
in the uncommon patient with a normal chest
radiograph.

Reticuloendothelial Failure
Hepatic reticuloendothelial failure is a poorly
understood condition associated with de-
creased Kupffer cell function. It tends to be
underdiagnosed. These patients are prone to
develop infections.

Radiocolloid Tc-99m-phytate scintigraphy
suggests the diagnosis; the liver is not visualized
with this radiocolloid agent, but is imaged with
conventional hepatobiliary agents such as Tc-
99m-DTPA.

Liver in Pregnancy
Middle hepatic vein Doppler US waveform early
in pregnancy has normal pulsatility, but with
progression of pregnancy hepatic vein pulsatil-
ity becomes more and more flat.

Acute fatty liver occurs during pregnancy,
occasionally even as early as 26 weeks, can
progress to acute hepatic failure. Any transami-
nase elevation during pregnancy should be
viewed with suspicion. A high fetal death rate is
associated with acute fatty liver, but some preg-
nancies are managed successfully; following
delivery liver function returns to normal, with
only an occasionally preeclampsia persisting
postpartum, liver enzymes remaining elevated,
and hemolytic-uremic syndrome developing.
Liver rupture is a rare complication of severe
preeclampsia.

A rare complication of preeclampsia is the
HELLP syndrome (hemolysis, elevated liver
enzymes, and low platelets). It occurs during
both pregnancy and the puerperium. Gross 
liver involvement ranges from subcapsular
hematoma, to infarction, to small vessel occlu-
sion, to spontaneous liver rupture.

Upper abdominal pain, nausea, and vomiting,
by themselves nonspecific findings in preg-
nancy, are common in the HELLP syndrome.
Initial clinical findings tend to suggest gallblad-
der disease, and US is often first performed.
Although US will detect a hematoma, CT not
only identifies hematomas but should also
detect liver infarction or rupture, and identify
any active bleeding site. Once HELLP is estab-
lished, thrombocytopenia and fibrinolysis
become evident and suggest the diagnosis. Liver
MR spectroscopy of seven women with HELLP
syndrome found relative hepatic concentrations
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of phosphorus-containing metabolites and
absolute concentrations of adenosine triphos-
phate to be similar to controls, but severe
involvement results in a relative increase in
phosphomonoester and an absolute decrease in
hepatic adenosine triphosphate (54).

Several intrahepatic pregnancies have been
described. At times CT and US identify a living
fetus. Massive hemorrhage and hypovolemic
shock are not uncommon presentations during
the first trimester.

Tumors
A list of focal liver tumors is legion. Even 
such entities as focal fat and focal sparing, gen-
erally not considered as tumors, are in the
imaging differential diagnosis. The simplest
classification of primarily hepatocellular-origin
tumors is to subdivide them into regenerative
nodules (solitary necrotic nodule, focal nodular
hyperplasia, nodular regenerative hyperplasia,
and regenerative nodule of cirrhosis) versus
dysplastic-neoplastic nodules (dysplastic
nodule, adenoma, and hepatocellular carci-
noma). Benign liver tumors can be divided into

nonneoplastic and neoplastic (Table 7.8). With
some neoplastic tumors the boundary between
benign and malignant is blurred to the point
that even a pathologist is hard-pressed to 
differentiate them. Some of the tumors develop-
ing in infants and children are unique to the
pediatric patient, while others are similar to
those seen in adults (Table 7.9). The most
common liver malignancy in children under 3
years of age is a hepatoblastoma, while in older
children a hepatocellular carcinoma is more
common.

Discussion of hepatobiliary tumors is divided
between this chapter and Chapter 8, but such 
a distinction is arbitrary. Those tumors mani-
festing primarily by bile duct involvement,
both intrahepatic and extrahepatic, are dis-
cussed in Chapter 8. The outline adopted here is
based on a broad pathologic classification
modified by imaging findings. Most specialists
would subdivide liver tumors based on their
own viewpoint.

Detection of Focal Tumors
From an imaging viewpoint, a useful differenti-
ation is between hypervascular and hypovascu-

Table 7.8. Benign liver tumors

Nonneoplastic Neoplastic

Hepatocellular origin Fibrosing necrotic nodule Hepatocellular adenoma
Focal nodular hyperplasia
Nodular regenerative hyperplasia
Macroregenerative nodule and adenomatous hyperplasia
Regenerating cirrhotic nodule

Cholangiocellular origin Simple cyst Adenoma
Congenital hepatic fibrosis/polycystic liver disease Cystadenoma
Intrahepatic choledochal cyst

Mesenchymal origin Inflammatory tumor Hemangioendothelioma
Hemangioma Lymphangioma
Peliosis hepatis Lipoma
“Pseudolipoma” Angiomyolipoma

Myelolipoma
Leiomyoma
Fibroma
Neuroendocrine tumors

Other Hamartoma
Extramedullary hematopoiesis
Intrahepatic spleen
Endometrioma
Teratoma
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lar tumors (Table 7.10) and between cystic and
solid tumors. Most hepatic neoplasms are fed
primarily by the hepatic artery rather than the
portal vein. However, many neoplasms are
better identified on portal venous phase images
when normal liver parenchyma achieves
maximum enhancement than during the arte-
rial phase. A minority of tumors are hyper-
vascular, and these are most conspicuous 
during the arterial phase, when greater tumor
enhancement than liver parenchymal enhance-
ment is achieved. In fact, some of these hyper-
vascular tumors become isodense and merge
into normal liver parenchyma during the portal
phase. Incidentally, no universal definition
exists for what constitutes a hypervascular
tumor; one definition used is any tumor
showing an enhancement >10 HU above that of
liver parenchyma during arterial phase CT.

Arterial landmarks are better seen during the
arterial phase. Likewise, parenchymal perfusion
abnormalities are more often detected during
the arterial phase.

Computed Tomography

The most common indication for biphasic
(postcontrast arterial and portal phases) CT is

Table 7.9. Focal Lesions in Infants and Children

Nonneoplastic
Benign cysts
Focal nodular hyperplasia
Regenerating nodules
Focal fatty infiltration
Hemangioma
Hamartoma
Teratoma

Neoplasms
Benign

Adenoma
Hemangioendothelioma

Malignant
Hepatoblastoma
Hepatocellular carcinoma
Metastases
Neuroblastoma
Lymphoma
Leukemia
Sarcoma
Rhabdomyosarcoma
Angiosarcoma
Fibrosarcoma
Leiomyosarcoma

Teratocarcinoma

to detect the usually hypervascular hepatocellu-
lar carcinomas and hypervascular metastases.
Common hypervascular metastases include
breast, renal cell, and thyroid carcinomas,
various neuroendocrine tumors, melanoma,
and most sarcomas. Diagnostic confusion stems
from benign hypervascular lesions, such as 
focal nodular hyperplasia, adenoma, and
hemangioma.

Although a majority of focal liver lesions
enhance on arterial phase CT images, the
pattern of enhancement often suggests a
specific diagnosis (55); thus abnormal inter-
nal vessels are seen with a hepatocellular 
carcinoma, peripheral contrast puddles with
hemangiomas, and ring-like enhancement with
metastases.

Portal-phase CT images are often used when
evaluating suspected hypovascular lesions,
although biphasic acquisition does reveal more
focal liver lesions and aids in anatomic visuali-
zation of liver vasculature.

Ultrasonography

About two thirds of liver nodules < or = 1 cm in
diameter are homogeneous in appearance,
and for these US cannot differentiate benign
from malignant; with larger nodules, however,
a heterogeneous US pattern suggests a 
malignancy.

Introduction of microbubble contrast agents
increased both sensitivity and specificity of
detecting focal liver tumors. These agents not
only result in blood pool enhancement, but
some also have a hepatosplenic specific late
phase. Harmonic US during this late phase or
stimulated acoustic emission improve detection
of focal liver tumors and in some studies
approach results achieved with CT (56). Thus 
in select patients with suspected metastases,
conventional US detected 195 focal tumors,
CT detected 231, and pulse inversion harmonic
US using Levovist as a contrast agent detected
287 tumors, differences that are statistically
significant (57); the latter technique detected
the smallest lesions, which were undetected 
by CT and conventional US. In characterizing
focal liver tumors, harmonic gray-scale 
US using the microbubble contrast agent
perfluorocarbon is superior to conventional
Doppler US (58).
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multicenter clinical study evaluating focal liver
tumors concluded that significantly more and
smaller tumors are detected on combined pre–
and post–Gd-BOPTA images compared with
precontrast images alone (59). In a cirrhotic
liver, T2-weighted MRI does not provide addi-
tional diagnostic information than gadolinium
enhanced MRI in detecting and characterizing
tumors (60). The hepatobiliary-specific agent
Gd-EOB-DTPA also detects more focal tumors
than unenhanced or Gd-DTPA-enhanced
images.

In tumors with low or absent reticuloen-
dothelial tissue, the use of SPIO agents increases
signal intensity between tumor and liver, and,
overall, more focal liver tumors are detected
than with postcontrast CT or precontrast MR.
On the other hand, both normal liver and some
well-differentiated tumors take up these iron
oxide particles, and after contrast these tumors
appear isointense and difficult to detect. Overall,

Magnetic Resonance

When discussing MR findings, malignant
tumors are best subdivided into hypervascular
and hypovascular. Different imaging parame-
ters are best suited for each category. Thus
hypovascular malignancies are best detected on
portal venous phase images than on other
phases, and arterial phase is best for hypervas-
cular malignancies. Only a rare focal liver tumor
is detected on unenhanced images and is not
visible on one of the postcontrast phases. Dif-
ferential diagnosis of a detected tumor is a dif-
ferent topic and is discussed in the next section.

Ultrasonography reveals fat-containing
tumors to be hyperechoic; T1-weighted chemi-
cal shift MRI separates these tumors from other
hyperechoic tumors without fat.

Overall, postgadolinium MR detects more
focal liver tumors and is markedly superior in
characterizing them than postcontrast CT. A

Table 7.10. Differentiation between hypervascular and hypovascular liver tumors

Mostly hypovascular

Nonneoplastic conditions
Abscess1

Granulomas
Tuberculoma
Focal fatty infiltration
Inflammatory (pseudo)tumor
Nodular regenerative hyperplasia
Solitary necrotic nodule
Mesenchymal and biliary hamartoma

Cystic structures
Abscess1

Simple cysts and related structures
Polycystic disease
Caroli’s disease
Hydatid cyst
Intrahepatic choledochal cyst
Biloma
Hematoma
Endometrioma

Neoplasms
Necrotic neoplasm
Intrahepatic cholangiocarcinoma
Some sarcomas
Hypovascular metastases
Lymphoma
Undifferentiated embryonal cell carcinoma2

Mostly hypervascular

Nonneoplastic conditions
Peliosis hepatis
Hemangioma
Arteriovenous malformation
Focal nodular hyperplasia
Hereditary hemorrhage telangiectasia

Cystic structures
Arterial aneurysm
Angiodysplasia

Neoplasms
Angiomyolipoma
Adenoma
Hepatocellular carcinoma
Hypervascular metastases
Some sarcomas
Neuroendocrine tumors
Hemangioendothelioma
Hemangiopericytoma
Adult hepatoblastoma

1 Often peripheral vascular enhancement is evident.
2 Some have peripheral vascular enhancement.



341

LIVER

combining pre– and post–contrast-enhanced
images is more accurate than the use of post-
contrast MR alone.

Biopsy

In a prospective study of consecutive patients
with discrete focal tumors <1 cm in diameter,
found at US, biopsy achieved a sensitivity of
98% and specificity of 100% in detecting malig-
nant tumors (61).

Differential Diagnosis of 
Focal Tumors
A common problem facing the radiologist is 
distinguishing a hemangioma or some other
benign tumor from a malignancy. The problem
is especially acute in a setting of a known malig-
nancy in some other structure where the pres-
ence of liver metastases affects future patient
management. The difficulty of differentiating a
hemangioma from other liver tumors is evident
from the extensive literature on this subject.

For incidental tumors <2 cm in size in
patients with no known malignancy, about 75%
are benign (62); hepatocellular carcinomas pre-
dominate among malignancies. With a history
of a malignant tumor, about 50% of tumors 
<2 cm in size are benign.

If a hemangioma is suspected in a tumor
larger than several centimeters, a useful appro-
ach is to perform Tc-99m–red blood cell SPECT
scintigraphy; smaller lesions are best studied
with MRI. Still, in spite of inherent limitations,
CT is often employed because of ready avail-
ability. In some situations a biopsy is justified.

The following approach to evaluating focal
liver tumors is adopted from the American
College of Radiology Appropriateness Criteria
(63):

1. Typical postcontrast CT or US benign-
appearing tumor, with no history of malig-
nancy: These are usually classified as
benign. If needed, in- and out-of-phase MR
should detect focal fat.

2. Typical postcontrast CT or US benign-
appearing tumor, with a known history of
malignancy: Similar recommendation as
above, except these should be followed-up
using the same imaging modality.

3. Typical postcontrast CT or US malignant
tumor: Biopsy confirmation if clinically
appropriate.

4. Indeterminate postcontrast CT or US
tumor in an otherwise normal liver: Post-
contrast MRI is often helpful with these
tumors. For some tumors scintigraphy or
dynamic CT is useful. If still indetermi-
nate, biopsy should be considered.

5. Indeterminate postcontrast CT or US
tumor in a cirrhotic liver: Although MRI is
useful to follow these tumors, biopsy is
generally needed for diagnosis.

Some very small tumors earn the sobriquet of
too small to characterize; depending on the 
clinical situation, some radiologists suggest
imaging follow-up.

Computed Tomography

Hemangiomas vary in their rate of contrast
enhancement. Most malignant neoplasms have
considerably faster enhancement, but overlap
does occur with hemangiomas. The slower
enhancement seen with some hemangiomas is
rather characteristic but is mimicked by 
posttherapy metastases, although the clinical
scenario should differentiate these two 
entities.

Arterial phase CT densities are significantly
higher in focal nodular hyperplasias (mean, 118
± 15 HU) than in hepatocellular adenomas (80 ±
10 H) (64); no significant attenuation differences
were evident precontrast and during the portal
venous phase.

Tumor appearance during biphasic and
triphasic CT aids in differentiating between
focal liver tumors. Small hemangiomas often
tend to be isodense to aorta; the postcontrast CT
appearance of enhancing nodules seen in larger
hemangiomas is seldom found with hypervas-
cular metastases. A homogeneous, hyperdense
tumor seen during the arterial phase, combined
with a hypodense tumor but continued hyper-
dense periphery during the parenchymal phase,
suggests a carcinomas.

Inclusion of arterial and portal venous 
phase CT does not improve sensitivity but 
does improve specificity in differentiating
hemangiomas from hypervascular malignan-
cies (65).
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Ultrasonography

The use of a US contrast agent aids in charac-
terizing and differentiating some focal liver
tumors. Tumor enhancement during arterial
phase or reticular enhancement during paren-
chymal phase achieved a 92% sensitivity and
96% specificity for hepatocellular carcinoma.
Ring enhancement during the arterial to portal
phases or a parenchymal phase defect reached a
90% sensitivity and 95% specificity for cholan-
giocellular carcinoma or metastases, and
puddled enhancement during the portal phase
was 60% sensitive and 100% specific for a
hemangioma (66). In general, postcontrast
tumor flow signals (hypervascularity) favor a
malignancy; lack of flow signals is more
common in benign tumors but does not exclude
a malignancy. A late phase hypoechoic signal
favors a malignancy. Current evidence suggests
that, overall, contrast enhanced US has a similar
accuracy to CT in characterizing focal liver
tumors.

Magnetic Resonance Imaging

T2 relaxation time is prolonged in a heman-
gioma because of blood stagnation. Tumor T2
relaxation times are rather specific in dis-
tinguishing a malignancy from a cavernous
hemangioma or cyst. For instance, one study
found T2 relaxation times for malignancies to
be 92 (± 22), hemangiomas 136 (± 26) and cysts
284 (± 38) (67). In fact, if T2 relaxation times are
calculated, gadolinium enhancement may not
be necessary to distinguish hemangiomas from
metastases (68). It should be kept in mind,
however, that a rare hepatocellular carcinoma
does have a prolonged T2 time. A sharp tumor
margin and a tumor signal greater than or equal
to that of the cerebrospinal fluid (CSF) predicts
a hemangioma.

Early peripheral nodular contrast enhance-
ment is a feature of most cavernous heman-
giomas. Peak contrast enhancement occurs
more than 120 seconds after contrast injection
in a majority of hemangiomas, a finding
uncommon with hepatocellular carcinomas,
which have a much earlier peak contrast. Cysts
have no contrast enhancement; most metastases
show variable and moderate enhancement; peak
enhancement for hypervascular metastases is
generally during initial hepatic artery phase,

with enhancement for hypovascular metastases
peaking later.

Hypervascular tumors, similar to cavernous
hemangiomas, are hyperintense on unenhanced
T2-weighted MR images. A hypervascular
tumor is best seen during the arterial phase. In
the differential diagnosis of early enhancing
tumors, however, are also some benign ones,
such as focal nodular hyperplasia and adeno-
mas. Delayed postcontrast T1-weighted SE
sequences help differentiate hypervascular
metastases, which range from hypo- to isoin-
tense, from hemangiomas, which remained
hyperintense.

The SPIO contrast agents aid in differentiat-
ing liver nodules; normal liver parenchyma
shows greatest signal loss, less so by adenomas
and hemangiomas and, as expected, malignant
tumors have only minimal signal loss. SPIO also
improves capsule and scar detection. A tumor
classification of high, iso- and low intensity on
SPIO-enhanced T2-weighted and heavily T1-
weighted gradient-echo images achieved a 96%
diagnostic accuracy in differentiating heman-
giomas, metastatic and cysts (69).

Ultrasmall superparamagnetic iron oxide
particles, consisting of blood pool contrast
agents, aid in differentiating highly vascular
lesions, such as hemangiomas, from more solid
neoplasms. The degree of enhancement on T1-
weighted images and the signal intensity drop
on T2-weighted images when using these 
contrast agents is significantly lower with 
malignant tumors than with hemangiomas.

Use of MnDPDP improves accuracy of differ-
entiating a hepatocellular carcinoma from focal
nodular hyperplasia and differentiating hepato-
cellular carcinoma from a metastasis (70), but
study of this contrast agent is still in its infancy.

Nonneoplastic Tumors
The classification of nonneoplastic liver 
nodules is generally based on their histopatho-
logic characteristics rather than on their 
etiology or imaging findings. Biliary and 
mesenchymal hamartomas are discussed in
Chapter 8.

Some of these tumors occur singly, others
tend to be multiple. Some develop preferentially
in a diseased liver. Their pathogenesis is diverse
and includes a vascular or hormonal imbalance,



343

LIVER

metabolic abnormality, prior infection, and
hamartomatous transformation.

Adult Cavernous Hemangioma

Clinical

Aside from congenital disorders, capillary
hemangiomas (telangiectasias) are uncommon
in the liver (hereditary hemorrhagic telangiec-
tasia was discussed above; see Congenital
Abnormalities).

A nonneoplastic cavernous hemangioma
occurs at all ages. It is the most common liver
tumor in adults. While some hemangiomas
produce considerable mischief on their own,
their primary importance, especially with
smaller ones, lies in their imaging mimicry of
metastases and hepatocellular carcinomas. They
are considerably more common in women. For
unknown reasons hemangiomas tend to pre-
dominate in the posterior segment of the right
lobe. An occasional patient develops multiple
hemangiomas, most often identified as discrete
tumors. Diffuse hemangiomatosis is rare and is
more often encountered in infants, where the
tumor’s extensive vascular shunting induces
cardiac failure. Histologically, these are blood-
filled, well-marginated cavities varying consid-
erably in size and are lined by a single layer of
endothelial cells.Associated fibrosis is common,
and the cavities are surrounded by fibrous septa.
Whether extensive fibrosis is a natural evolu-
tionary process and represents an end-stage
development is conjecture.

Most hemangiomas are asymptomatic and
discovered incidentally. A minority manifest
with pain. An occasional one bleeds internally
or ruptures spontaneously, and the patient 
presents with a hemoperitoneum. Some
undergo traumatic rupture, especially larger
ones. Risk of malignant degeneration appears
negligible.

What is the growth pattern of a liver heman-
gioma? Unresected hemangiomas do not always
grow and do not necessarily require surgery.
An US follow-up reveals that only a minority
change in size: some increase, an occasional one
decreases and even regresses spontaneously. A
reasonable approach appears to be that 
if a suspected hemangioma increases in size 
in a setting of chronic liver disease, aspiration
biopsy should be performed to exclude a 
malignancy.

In a setting of cirrhosis, hemangiomas tend
to fibrose, and imaging diagnosis becomes more
difficult. A tendency toward decreasing size is
evident with progressive cirrhosis.

Giant liver cavernous hemangiomas can have
unusual findings, such as portal vein obstruc-
tion due to pressure by the hemangioma, intra-
hepatic bile duct obstruction, or simply an
elevated erythrocyte sedimentation rate (Fig.
7.18). Giant hemangiomas tend to contain a
central scar.

An association between hemangiomas 
and Kasabach-Merritt syndrome has been
described. An interesting suggestion is that this
syndrome does not occur with hemangiomas
and, if present, a Kaposiform hemangioen-
dothelioma or similar tumor rather than a
hemangioma should be considered.

Some hemangiomas are associated with focal
nodular hyperplasia. The primary clinical
significance of this association is that biopsy
from such a region adjacent to a hemangioma
will suggest a wrong diagnosis. A rare associa-
tion of hemangiomatosis and arterioportal
venous shunting appears to exist.

A rare subcapsular hemangioma is exophytic
and becomes pedunculated; even a volvulus 
of such a pedunculated hemangioma has 
developed.

Figure 7.18. Angiographic appearance of large cavernous
hemangioma (arrows). (Courtesy of Oscar Gutierrez, M.D., Uni-
versity of Chile, Santiago, Chile.)
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Imaging

In a 1995 study of patients with proven cav-
ernous hemangiomas, diagnostic sensitivity of
CT angiography was 77%, US 61%, MRI 92%,
and angiography 85% (71). Other studies
confirm that MR detects more liver heman-
giomas than other imaging modalities. Tumor
detection and especially lesion characterization
with T2-weighted sequences are the primary
MRI advantages compared to other imaging
modalities.

Iodized oil is used to characterize and follow
certain focal liver lesions, especially hepatocel-
lular carcinomas. After intraarterial injection of
iodized oil, some is retained in hepatic heman-
giomas, albeit inadvertently, and can be fol-
lowed with subsequent CT. Serial CT shows
predominantly peripheral iodized oil retention
within a hemangioma; central retention is seen
after injection of large amounts of oil, but reten-
tion here tends to be spotty or nodular. The oil
washes out slowly but persists for at least 3
months and in some hemangiomas up to several
years.

Most hemangiomas throughout the body
tend to contain phleboliths, a finding not seen
in liver hemangiomas. Calcifications do develop
in an occasional liver hemangioma, especially in
a setting of a thrombus, and tend to be most
common at the tumor margin.

Postcontrast, typical liver hemangiomas
reveal an irregular, nodular peripheral en-
hancement pattern of varying intensity and
thickness during the arterial phase, contrast-
enhancement from the periphery toward the
center, a prolonged tumor blush, vascular lakes,
and delayed contrast washout. They have well-
defined borders, and smaller ones are round
while larger ones tend toward an oval or lobular
shape. Early more peripheral parenchymal
enhancement correlates with arterioportal
shunting; one study found shunting in 21% of
small hemangiomas (72). Shunting is not
pathognomonic of hemangiomas but is also
found in a number of other entities, including
hepatocellular carcinomas.

An atypical hemangioma appearance is
sufficiently common that the diagnosis is not
always straightforward, and considerable diag-
nostic uncertainty ensues. Imaging findings of
some hemangiomas mimic a metastatic carci-
noma, focal nodular hyperplasia, hepatic

angiosarcoma, metastatic neuroendocrine
tumor, or even focal intrahepatic extram-
edullary hematopoiesis. In particular, small
hemangiomas and hypervascular metastases
often have a similar imaging appearance.

Some hemangioma contains extensive fibro-
sis or hyalinization to the point that their vas-
cularity is decreased considerably (compared to
a more typical hemangioma). These extensively
fibrotic hemangiomas tend to have an atypical
imaging appearance and mimic a malignancy;
typical of fibrosis, they have lower signal inten-
sity than cerebro-spinal fluid on T2-weighted
images and lack early enhancement on post-
contrast MRI (Fig. 7.19). Some even have con-
trast enhancement from the center toward the
periphery (73).

Precontrast CT and MR of some heman-
giomas detect a fluid–fluid level, presumably
representing blood sedimentation. Fluid–fluid
levels are not specific and are seen with other
lesions.

Although an imaging appearance of pro-
gressive postcontrast opacification toward the
center is a characteristic hallmark of heman-
giomas, this finding is not pathognomonic; an
occasional hepatocellular carcinoma, cholan-
giocarcinoma, and metastasis have a similar
finding. Likewise, early peripheral nodular
enhancement is found with some focal nodular
hyperplasias and vascular neoplasms.

Computed Tomography

With unenhanced CT most typical heman-
giomas are hypodense to normal liver paren-
chyma and isodense to blood. A fibrotic
component or thrombosis lowers CT density.

A typical postcontrast appearance for a
hemangioma has already been described and in
these CT is often very suggestive of the diagno-
sis. Yet CT evidence of peripheral contrast
enhancement followed by progressive fill-in is
found only in about two thirds; in others
enhancement is either diffuse or evident only at
the tumor periphery, with most of the tumor
consisting of cystic cavities or scar tissue.
Central scarring modifies enhancement and
results in incomplete central opacification. An
extensive region of hemangiomatosis reveals a
honeycomb pattern. Some larger hemangiomas
mimic a hypovascular metastasis, but more 
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vascular ones suggest a hepatocellular carci-
noma or a hypervascular metastasis.

Small hemangiomas, in particular, have
gradual diffuse contrast enhancement.A minor-
ity of hemangiomas smaller than approximately
1 cm in diameter, however, tend to opacify with
contrast rather rapidly, appear homogeneous,
and mimic hypervascular malignancies; they do
remain hyperdense on delayed-phase images,
a finding atypical for a malignancy. Some
contain small enhancing dots which persist
both during arterial and portal venous phases.

Some hemangiomas are associated with arte-
rioportal shunts. These shunts are suggested
when hepatic arterial-phase CT reveals wedge-
shaped or irregular homogeneous parenchymal
enhancement adjacent to a hemangioma; during
the portal phase this region is iso- or slightly
hyperdense. These shunt are more common in
rapidly enhancing hemangiomas.

Hemangiomas do develop in a fatty liver and
they do enhance postcontrast, similar to those
in a normal liver; the exception being that
hemangiomas are hyperdense on precontrast
scans compared to the hypodense fatty liver, and
during the arterial phase they tend to be more
isodense than usual.

Ultrasonography

The most common US appearance of a 
hemangioma is that of a homogeneous, well-
marginated, and hyperechoic tumor. With

growth, hemangiomas become heterogeneous.
Less often encountered is a hyperechoic rim of
varying thickness; these tend to have an isoe-
choic or even hypoechoic center. Some exhibit a
bright hyperreflective pattern. An occasional
one has increased through-transmission.

Operative or laparoscopic US detects heman-
giomas as homogeneously hyperechoic tumors.
Some are compressible by a probe, thus 
allowing differentiation from incompressible
metastases.

Blood flow velocity in most hemangiomas is
sufficiently slow that Doppler US is noncontrib-
utory, although occasionally a large peripheral
feeding vessel is detected. Contrast-enhanced
US reveals no or weak intratumoral signals with
hemangiomas; a pulsatile signal or vessels
within a tumor identified by Doppler US should
suggest another diagnosis.

Contrast-enhanced US using pulse inversion
harmonic imaging identifies a hypovascular
tumor in the early arterial phase and peripheral
globular enhancement in about half, especially
evident in larger ones. Many hemangiomas 
<1 cm show either a peripheral nodular or
homogeneous enhancement. Centripetal fill-in
is evident in some during the late phase. Delayed
washout is common (Fig. 7.20).

Most sonographically suspected heman-
giomas undergo further imaging workup,
although some patients at low risk for malig-
nancy and with a typical-appearing heman-
gioma at US are followed with US.

Figure 7.19. Hyalinized hemangioma. A T2-weighted fast spin echo (FSE) MRI (A) reveals a hyperintense (arrow), and a T1-weighted
FSE MRI (B) reveals a hypointense (arrow) tumor. US (not shown) suggested a complex cyst. US-guided biopsy provided a diagnosis.
(Courtesy of Patrick Fultz, M.D., University of Rochester.)
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Magnetic Resonance

Similar to cysts and metastases, most heman-
giomas appear hypointense on precontrast T1-
weighted images; these sequences are thus of
limited use in differentiating hemangiomas
from most other tumors. Using T2-weighted fast
SE sequences without fat suppression, heman-
giomas are hyperintense relative to spleen (Fig.
7.21); most are homogeneous, have well-defined
margins, and tend to be isointense to CSF;
similar findings are found with fat suppression.
Many small hemangiomas have uniform
gadolinium enhancement, a pattern uncommon
in larger ones which usually show peripheral
nodular enhancement progressing to uniform
centripetal enhancement. Large tumors tend to
maintain a persistent central hypointensity. A
subset of hepatic hemangiomas enhances early
and diffusely and, in fact, enhances to a greater
degree than most malignancies. Similar to most
hemangiomas, on heavily T2-weighted images
these hemangioma signal intensities and con-

trast-to-noise ratios are significantly greater
than those of malignancies.

About 20% of hemangiomas are associated
with peritumoral enhancement (74); of
unknown significance, such enhancement is
more common in hemangiomas with rapid

Figure 7.20. Hemangioma. A: Oblique pulse-inversion harmonic
US identifies a hyperechoic tumor (arrows). Similar contrast-
enhanced US 24 seconds (B) and 142 seconds (C) after injection
reveal an initial rim enhancement, followed by central fill-in.
(Source: Kim TK, Choi BI, Han JK, Hong HS, Park SH, Moon SG.
Hepatic tumors: contrast agent-enhancement patterns with
pulse-inversion harmonic US. Radiology 2000;216:411–417, with
permission from the Radiological Society of North America.)
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Figure 7.21. Hemangioma. T2-weighted image identifies a
hyperintense tumor (arrow).
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enhancement than in those with slow enhance-
ment. Most hemangiomas increase in lesion-
to-liver contrast on ferumoxides-enhanced 
T2-weighted MR images.

Scintigraphy

Both planar and SPECT Tc-99m–red blood cell
imaging have high sensitivity and specificity in
differentiating cavernous hemangiomas from
other liver tumors and are often used as gold
standards in comparison studies. Scintigraphy
is especially useful with an atypical imaging
appearance of a suspected hemangioma; SPECT
detects smaller hemangiomas than planar
images. Reported false positives include hepato-
cellular carcinoma, sarcoma, metastatic small
cell lung carcinoma, and intrahepatic extra-
medullary hematopoiesis (11). Occasional false
negatives are reported, often due to a lesion’s
small size.

Early perfusion phase Tc-99m–red blood cell
scintigraphy shows a focal photopenic defect
that gradually fills in in a centripetal manner
during the blood-pool phase. A perfusion/
blood-pool mismatch is the hallmark for
hemangiomas. Technetium-99m–sulfur colloid
and hepatobiliary scintigraphy simply reveal a
filling defect. The increased activity seen on
blood-pool images is absent if a thrombus has
developed within a hemangioma.

If early liver images are obtained during
prostate immunoscintigraphy with indium-
111–labeled antibodies, a hemangioma has an
appearance similar to that seen with Tc-
99m–red blood cell imaging.

A marked increase in perfusion detected by
scintigraphy should suggest arterioportal
shunting.

Biopsy

Some radiologists hesitate to biopsy suspected
hemangiomas for fear of complications, yet
many have been biopsied without undue com-
plication. This does not suggest that suspected
hemangiomas should be biopsied; noninvasive
protocols generally suffice for diagnosis. Rather,
in an atypical and otherwise nondiagnostic sus-
pected or even unsuspected hemangioma a
biopsy can be a safe and diagnostic procedure.
A bigger problem is in placing in proper per-
spective a biopsy that simply reveals blood cells.

Therapy

Many liver cavernous hemangiomas are
managed simply by observation. Indications for
surgery include an uncertain diagnosis, imaging
showing enlargement, or a symptomatic tumor.
An occasional one manifests acutely by bleed-
ing or rupture, thus necessitating emergency
surgery. They have been resected using a laparo-
scopic approach.

Palliation of symptomatic hemangiomas 
by transcatheter arterial embolization is an
option. A rare symptomatic cavernous heman-
gioma is treated by radiofrequency ablation
(75).

Orthotopic liver transplantation is an
extreme option in patients with unresectable
giant hemangiomas.

Infantile Hemangioma

Previously some hemangioendotheliomas,
especially in infants, were lumped together with
hemangiomas (hemangioendotheliomas are
discussed later). In a setting of a vascular tumor
in an infant, especially with clinical evidence of
Kasabach-Merritt syndrome, a hemangioen-
dothelioma rather than a hemangioma should
be considered.

An infantile hemangioma is more common in
girls and tends to be multiple. With age, these
tumors tend to involute with few sequelae.

Large hemangiomas in infants are identified
on T2-weighted MRI as hyperintense nodules
containing fast flow and are seen as flow voids
on SE images and hyperintense tumors on GRE
images. One in an infant revealed an early rim
enhancement after gadolinium, with progres-
sive fill-in on delayed imaging (76). These
tumors are fed by enlarged hepatic vessels; the
proximal abdominal aorta is prominent, while
distal to the feeding vessel takeoff it had a
decreased caliber. These nodules regress after
interferon-a-2a therapy and are replaced by
normal-appearing liver parenchyma with no
evident fat or fibrosis.

If necessary, embolization of the feeding
vessels is performed to control congestive
failure or treat other complications. A lobec-
tomy is appropriate if a solitary hemangioma is
confined to an anatomic lobe.

Some infants believed to have life- or func-
tion-threatening hemangiomas are treated with
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radiation therapy (77); some of these infants
have Kasabach-Merritt syndrome, and in these
infants the hemangiomas regress and platelet
counts increase after radiation therapy.

Peliosis Hepatis

Clinical

Peliosis hepatis is a rare benign disorder of
unknown etiology characterized by numerous
blood-filled cavities in the liver. An association
exists between peliosis hepatis and some drugs,
including hormones. It has regressed in extent
after cessation of oral contraceptive use. It can
be congenital. Other associated conditions
include malignant histiocytosis, myeloid meta-
plasia, and hemangiosarcoma. It has developed
after liver transplantation. In AIDS patients,
peliosis hepatis is associated with bacillary
angiomatosis. It can be subclinical and be
detected incidentally, when it is a source of
diagnostic confusion.

These cavities range from single to diffuse,
vary in size, and are lined by endothelial 
cells. Hepatic insufficiency develops if enough
parenchyma is replaced by these vascular
spaces. Rarely, peliosis hepatis ruptures sponta-
neously, and an intraperitoneal hemorrhage
ensues.

Imaging

Rare liver calcifications are identified in patients
with peliosis hepatis.

Postcontrast CT reveals well-marginated con-
trast collections in the liver. Some show delayed
enhancement. Occasionally some of these cystic
spaces do not opacify with contrast, presumably
due to thrombosis. Some tumors have gradual
centripetal CT contrast enhancement, thus
mimicking a hemangioma (78). These tumors
are hypoechoic or even anechoic with US. They
are hyperintense with all MRI sequences and
enhance postcontrast.

Angiography reveals numerous vascular
spaces. Typically, contrast accumulates in the
late arterial phase, which becomes more distinct
during the venous phase. No communication
exists with the portal venous system. Early
feeding arteries and draining veins are not
present in peliosis hepatis.

Hepatic scintigraphy with Tc-99m–sulfur
colloid or gallium is normal.

A hypervascular metastasis, hemangioma
and even an abscess are occasionally included in
the differential diagnosis.

Solitary (Fibrosing) Necrotic Nodule

Solitary nodules, initially described on the ante-
rior aspect of the liver, consist of a necrotic
center surrounded by a hyalinized fibrotic
capsule containing elastic fibers. They are con-
sidered nonneoplastic, yet a number have been
reported in patients with underlying neoplastic
disease. Many are subcapsular and solitary;
currently they are believed to be the final
common pathway of a number of benign 
disorders.

They develop after microwave tissue coagula-
tion and after various liver infections.

Focal Nodular Hyperplasia

Clinical

Focal nodular hyperplasia (FNH) is a develop-
ment abnormality of unknown etiology and
pathogenesis. Current thought is that it is a
regenerative process; nodules appear related to
a focal increase in arterial blood flow and result-
ant hyperplastic tissue response, and in that
sense differ from adenomas, which are neoplas-
tic. They are the second most common benign
liver tumor in adults, after hemangioma. In dis-
tinction to a hepatic adenoma, FNH is not pre-
malignant and is generally an incidental
finding, but, similarly to adenomas, some of
these tumors are associated with contraceptive
use, and some regress after drug discontinua-
tion. A high prevalence is found in women of
childbearing age, with an occasional one
encountered in infants and children.

Single nodules predominate. These are dis-
crete tumors often having a characteristic
central stellate scar containing blood vessels.
Feeding vessels are of hepatic artery origin.
Although vessels are prominent and the lesion
contains typical hepatic structures, including
hepatocytes, Kupffer cells, and proliferating bile
ducts, the usual arrangement of portal tract
vessels and bile ducts is not present. Histologi-
cally, anomalous arteries in fibrous septa
connect to capillaries, which drain into sinu-
soids adjacent to fibrous septa, which in turn
drain into veins located in the parenchyma.
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These findings suggest a focal arteriovenous
malformation with growth of surrounding
parenchyma as etiology for their formation.
About 80% of FNHs have a typical histologic
appearance; a minority reveal prominent vessels
or, interestingly, show cellular atypia to the
point of suggesting an adenoma.

A core biopsy reveals deranged architecture,
a finding not appreciated with cytology.

Clinically, these lesions are usually an inci-
dental finding and rarely present with bleeding,
thus distinguishing them from adenomas. Their
primary significance in most patients is that
they mimic a more ominous tumor. With time
they can increase, decrease, or remain constant
in size.

Imaging

An occasional report describes fat within or
adjacent to FNH, but fat is an uncharacteristic
finding. Likewise, calcifications are uncommon.
These calcifications are similar in appearance to
those seen in some fibrolamellar hepatocellular
carcinomas.

Although the specific pattern is different,
FNH has a similar appearance with various
imaging modalities. Most are solitary, subcap-
sular in location, are often lobulated and tend to
be sharply marginated. Their usual homoge-
neous appearance reflects a lack of hemorrhage
and necrosis, except in some larger ones. Major-
ity are <5 cm in diameter, with only a rare one
being >10 cm. An occasional one is exophytic.
A central hypodense region, representing a
central scar with radiating fibrosis, is found in
larger tumors, although a scar is generally not
visible in smaller ones. Presence of a central 
scar is not specific for FNH and a scar is 
occasionally found in other tumors, such as
hepatocellular carcinomas, adenomas, intra-
hepatic cholangiocarcinomas, and some larger 
hemangiomas.

With unenhanced CT these nodules tend to
be homogeneous and hypo- to isodense. Pre-
contrast FNHs tend to blend into surrounding
parenchyma. Especially when small, they are
identified mostly on immediate postcontrast
images.

These lesions are supplied primarily by
hepatic artery branches and thus arterial-phase
CT reveals a transient but marked initial en-
hancement, which progresses to isodensity

during the parenchymal (portal) phase. Multi-
phasic CT in patients with FNH found all
tumors to be hypervascular and hyperattenuat-
ing to the liver during arterial phase, and 92%
were isodense on delayed scans (79); most
enhanced homogeneously, and were smooth in
outline and subcapsular in location. Single-level
dynamic CT during hepatic arteriography of
small FNH reveals centrifugal blood flow
through a fibrous scar, drainage into adjacent
dilated veins and then into a hepatic sinusoid in
adjacent liver tissue (80).

Ultrasonography reveals FNHs tending
toward a homogeneous and isoechoic appear-
ance and often blending into normal adjacent
parenchyma, although considerable variability
exists. They tend to be well marginated. A
central scar is either hypoechoic or not visual-
ized. In some, color Doppler identifies vessels
radiating in a central stellate pattern; the
feeding artery shows a high diastolic flow rate
and has a low pulsatility index. It has a 
high frequency and low resistance. Contrast-
enhanced US reveals intralesional flow, periph-
eral vascularity, and at times also a centripetal
afferent vessel.

Magnetic resonance imaging appears more
sensitive and specific than CT in detecting and
characterizing FNH. On T1-weighted unen-
hanced MRI sequences, FNHs appear iso- to
hypointense compared to normal liver and iso-
to hyperintense on T2-weighted images (Fig.
7.22). Marked hyperintensity on T2-weighted

Figure 7.22. Extensive focal nodular hyperplasia. T1-weighted
MRI identifies a hypointense tumor (arrows). (Courtesy of
Algidas Basevicius, M.D., Kaunas Medical University, Kaunas,
Lithuania.)
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images is distinctly unusual and should suggest
another diagnosis. A central scar, identified 
in over half of these tumors, tends to be
hypointense on T1- and hyperintense on T2-
weighted images, presumably due to prominent
central vascularity. Although not encapsulated,
compression of surrounding liver parenchyma
often results in a hyperintense rim being
evident on T2-weighted images, in distinction to
the fibrotic hepatocellular carcinoma capsule
which tends to be hypointense on both T1- and
T2-weighted images. Here also considerable
variability exists and heterogeneity and a hyper-
intense signal is identified in some FNH on T1-
weighted images.

Postgadolinium MRI reflects their rich vas-
cularity radiating in a stellate pattern. Similar 
to adenomas, an intense, uniform contrast
enhancement is common during the arterial
phase, becoming isodense during portal venous
phase. A central scar is initially hypointense but
gradually enhances on delayed images.

Because Kupffer cells are present in most
FNH nodules, these tumors take up iron oxide
contrast. Six FNH nodules showed a mean of
43% signal intensity loss on ferumoxides-
enhanced T2-weighted images (81). A SPIO-
enhanced MR detects more tumors than a
precontrast MR, but little difference in signal
loss exists between FNH and adenomas.

Similar to adenomas, the presence of hepato-
cytes within the FNH results in Mn-DPDP
(mangafodipir) uptake.

Due to their Kupffer cell content, these
tumors take up Tc-99m–sulfur colloid. Clear-
ance of tracer from the tumor is delayed. A pos-
itive colloid scan is thus useful in differentiating
these lesions from most hepatocellular carcino-
mas. A finding of decreased colloid uptake, on
the other hand, is nonspecific. It should be kept
in mind that some regenerating nodules, focal
steatosis, and adenomas also take up sulfur
colloid.

Iminodiacetic acid (IDA) hepatobiliary
tracers accumulate within FNH, and most larger
nodules appear as hot spots. Thus Tc-99m-IDA
hepatobiliary scintigraphy shows increased
tracer uptake on delayed scans in most larger
tumors.

Using the hepatocyte receptor Tc-99m-
neoglycoalbumin (NGA), scintigraphy showed
normal to increased uptake in FNH, thus differ-
entiating these tumors from most malignancies,
which have very low to no uptake.

A characteristic arteriographic finding is a
single artery feeding a hypervascular tumor that
contains intense venous staining (Fig. 7.23).
Although arteriography readily detects FNH,
it lacks specificity in differentiating it from
other focal hypervascular tumors, and angio-
graphy is rarely employed in the workup of
these tumors.

The use of imaging techniques is illustrated
by a report of a 17-year-old girl with a 2-cm-
diameter left lobe tumor detected incidentally
by US (82); CT and MRI confirmed the tumor,

Figure 7.23. Focal nodular hyperplasia in a child. Early (A) and late (B) arteriographic views illustrate delayed washout from the
tumor (arrow).
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and postcontrast CT and CO2-enhanced US
demonstrated early central enhancement with
gradual enhancement spreading to the periph-
ery. Color Doppler flow imaging detected a
central color spot, shown by pulsed Doppler
spectrum analysis to represent an artery. The
lesion was not detected by hepatic arteriogra-
phy. Biopsy confirmed the FNH.

In summary, no pathognomonic imaging
finding exists for FNH. A fibrolamellar hepato-
cellular carcinoma has a very similar CT and US
appearance. Likewise, overlap exists with some
large hemangiomas, adenomas, and metastases.
In a cancer patient findings suggesting a FNH
should be confirmed by biopsy.

Nodular Regenerative Hyperplasia

Nodular regenerative hyperplasia (at times
simply called regenerative nodules) is a specific
nonneoplastic entity consisting of multiple
nodules surrounded by liver atrophy. It differs
from regenerating nodules seen in cirrhosis
(discussed in a later section). This uncommon
condition occurs in noncirrhotic livers. About
half the patients have portal hypertension. The
etiology is unknown, and pathogenesis appears
to be multifactorial, with focal ischemia postu-
lated by some. It is associated with collagen vas-
cular diseases, rheumatoid arthritis, Felty’s
syndrome, some myeloproliferative disorders,
and some drug therapy.A rare association exists
with CREST syndrome (calcinosis cutis,
Raynaud’s phenomenon, esophageal dysfunc-
tion, sclerodactyly, and telangiectasia) and
primary biliary cirrhosis.

Histologically, numerous hyperplastic
nodules varying in size are diffusely scattered
throughout the liver. No significant fibrosis is
evident, thus distinguishing this condition from
cirrhosis and focal nodular hyperplasia; the
exception is if long-standing portal hyper-
tension has developed, when fibrosis with 
portal venous obliteration develop; whether
portal venous obliteration precedes portal
hypertension or vice versa is unknown. Histo-
logically, this condition mimics an adenoma, but
the latter is usually single, while nodular regen-
erative hyperplasia is diffuse throughout the
liver.

Computed tomography reveals multiple
hypodense nodules that do not enhance post-
contrast. Associated hemorrhage modifies the

imaging appearance. Nodule rupture is a rare
complication, with the resultant appearance
mimicking an adenoma.

Ultrasonography is generally noncontri-
butory.

The T1-weighted MR appearance is variable;
most nodules are hypo- to isointense on T2-
weighted images.

These regenerating nodules contain Kupffer
cells and take up Tc-99m–sulfur colloid.

Inflammatory Tumor

Inflammatory tumors (pseudotumors) are rare
in the liver. Some are discovered incidentally.
Their etiology is unknown; although some
probably represent an atypical inflammatory
reaction to infection, others appear to be a
variant of Castleman’s disease (These tumors
are discussed in more detail in Chapter 14).
Some progress in size and are multifocal. Resec-
tion establishes the diagnosis, although at times
even then a diagnosis is not definitive. At times
immunohistochemistry is useful to exclude a
malignancy.

Computed tomography and US usually reveal
a poorly defined heterogeneous hypovascular
tumor mimicking a neoplasm. Magnetic reso-
nance contrast enhancement is variable, at
times with rapid wash-out of contrast. Gadolin-
ium enhanced gradient-echo MR of one tumor
revealed an early, intense peripheral enhance-
ment followed by homogeneous enhancement
(83); no uptake was evident with ferumoxides
nor mangafodipir. Some of these tumors are
surrounded by a hyperintense capsule. In
general, imaging suggests a malignancy.

Regenerating Nodules in Cirrhosis

Cirrhotic livers develop small nodules, called
regenerating or regenerative nodules and
siderotic nodules, histologically consisting of
either foci of regeneration or dysplasia (or
both), together with supporting stroma. They
contain hepatocytes, bile ducts, Kupffer cells,
and fibrosis, and often contain increased iron.
The reason for their formation is unknown, but
they appear to represent a response to growth
factors. These regenerating nodules tend to be
small and scattered throughout the liver.

In a broader context, regeneration is a
common feature after hepatocyte damage,
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regardless of etiology. Regenerative activity
among liver cells and their nuclei is mild in a
setting of primary biliary cirrhosis, more so in
alcoholic cirrhosis, and most prominent in pos-
thepatitic cirrhosis (HBV related); thus patients
with posthepatitic cirrhosis are at greater risk
for carcinoma than those with other types of
cirrhosis.

Histologic differentiation of a dysplastic
nodule from a regenerating nodule in a cir-
rhotic liver tends to be difficult from small
biopsy specimens.

Neither CT nor US detects smaller nodules.
Precontrast, detectable nodules are iso- to
hyperdense, depending on their iron content
and, in fact, are better identified precontrast
than postcontrast. In distinction to most liver
tumors, the blood supply to regenerating
nodules is mostly portal venous, and they are
thus isodense during portal phase imaging.
Because of their mostly portal blood supply,
these nodules do not enhance much on post-
contrast arterial phase CT. In distinction to
hepatocellular carcinomas, which derive most of
their blood from an arterial supply, a regenerat-
ing or dysplastic nodule should be suspected if
dynamic CT suggests a mostly portal venous
blood supply to a nodule. One should keep in
mind, however, that a dual blood supply is
normal, and in actual practice this blood supply
differentiation is difficult to apply to small
tumors.

Computed tomography arterial portography
performed prior to partial liver resection for
hepatocellular carcinoma in cirrhotic patients
revealed regenerative nodules as enhancing 3-
to 10-mm tumors surrounded by lower density
fibrous septa (84) (Fig. 7.24); CT hepatic arteri-
ography identified regenerative nodules as
nonenhancing tumors, similar in size to those
seen with arterial portography, surrounded by
enhancing fibrous septa. Tumor conspicuity is
determined to a large degree by surrounding
fibrosis. Nevertheless, CT hepatic arteriography
detects more nodules and is more sensitive than
CT arterial portography.

With US, regenerating nodules range from
hypoechoic to hyperechoic compared to normal
liver parenchyma.

Magnetic resonance imaging is more sensi-
tive in detecting regenerating nodules than CT
or US. Most regenerating nodules are iso- to
hypointense on T1- and hypointense on T2-
weighted images. Surrounding inflammation
and fibrous septa tend to be hypointense on 
T1- and iso- or hyperintense on T2-weighted
images. Their hypointensity on T2-weighted
sequences is secondary to a paramagnetic effect
from their increased iron and, in part, to sur-
rounding fibrous septa. More complex nodules
are inhomogeneous and contain discrete foci of
iron (siderotic nodules), and T2-weighted MR in
these reveals a hypointense focus due to the iron
within a larger hyperintense iron-poor nodule.

Figure 7.24. Regenerating nodules in a man with cirrhosis. A: CT arterial portography shows enhancing nodules (arrowhead) in an
otherwise heterogeneous liver. B: CT hepatic arteriography reveals these nodules to be poorly enhancing (arrowhead). (Source: Kim
HC, Kim TK, Sung KB, et al. CT during hepatic arteriography and portography. RadioGraphics 2002;22:1041–1051, with permission
from the Radiological Society of North America.)
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Regenerating nodules enhance with MR con-
trast similar to liver parenchyma and thus are
difficult to identify postcontrast.

An occasional regenerating nodule infarcts
and resembles a hypovascular hepatocellular
carcinoma or a metastasis on CT and MR
imaging.

Dysplastic Nodules

The currently accepted term dysplastic nodule
was preceded by a varied nomenclature, includ-
ing adenomatous hyperplasia, adenomatoid
hyperplasia, macroregenerative nodule, hepato-
cellular pseudotumor, and regenerative and dys-
plastic nodules. Whether dysplastic nodules are
neoplastic or hyperplastic in origin is not
settled, although a number of authors believe
they represent a transition in eventual hepato-
cellular carcinoma development and thus
should be considered premalignant, keeping in
mind that some cancers appear to bypass a 
dysplastic stage.

A distinct nodule containing dysplastic cells
without histologic evidence for malignancy is
the hallmark of dysplastic nodules, although not
uncommonly a pathologist identifies a small
focus of hepatocellular carcinoma. From a clin-
ical and imaging viewpoint, dysplastic nodules
are often considered to represent one end of a
continuous spectrum from benign to malignant
tumors. Nevertheless, whether carcinogenesis
involves a stepwise progression from a regener-

ative nodule to a dysplastic nodule and an even-
tual carcinoma is conjecture; some cancers
appear to bypass a dysplastic stage.

Dysplastic nodules develop earlier in the
course of cirrhosis in patients with chronic hep-
atitis than in those with an alcohol cause. Also,
these nodules are more common in a setting 
of several congenital conditions such as a1-
antitrypsin deficiency and Wilson’s disease.

Pathologists distinguish low-grade from
high-grade dysplasia by the degree of cytologic
atypia. Lack of invasion distinguishes high-
grade dysplasia from malignancy. In distinction
to hepatocellular carcinoma, immunohisto-
chemical staining reveals no a-fetoprotein
expression in dysplastic nodules. A confident
diagnosis of dysplasia is problematic from a
small needle biopsy, and often a resected speci-
men is necessary to exclude malignancy. Also, a
biopsy finding of dysplasia does not exclude an
adjacent malignancy.

Dynamic CT achieves a low sensitivity in
detecting dysplastic nodules when subsequent
orthotopic liver transplantation is used as a gold
standard. Computed tomography arterial por-
tography and CT hepatic arteriography confirm
a variable and inconsistent portal and arterial
blood supply (85) (Fig. 7.25).

Dysplastic nodules vary in their MR appear-
ance, although they are rarely hyperintense on
T2-weighted images, and such a finding helps
differentiate them from mostly hyperintense
hepatocellular carcinomas. Dysplastic nodules

Figure 7.25. High-grade dysplastic nodules. A: CT arterial portography reveals a right lobe tumor (arrow) that is enhancing similarly
to adjacent liver tissue. B: The tumor enhances less during CT hepatic arteriography than liver parenchyma. (Source: Kim HC, Kim TK,
Sung KB, et al. CT during Hepatic Arteriography and Portography. RadioGraphics 2002;22:1041–1051, with permission from the 
Radiological Society of North America.)
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tend to have a mostly portal venous blood
supply and, in distinction to hepatocellular car-
cinomas, do not enhance as intensely during the
arterial phase. Nevertheless, dysplastic nodules
are believed to be capable of inducing angio-
neogenesis, and some do contain enough of an
arterial blood supply to make arterial-phase 
differentiation difficult. A hepatocellular carci-
noma developing in a dysplastic nodule tends to
be hyperintense within a hypointense tumor on
T2-weighted images, although the presence of
cirrhosis makes MR differentiation difficult.
Pretransplantation MRI in cirrhotic patients
detects only a minority of dysplastic nodules.

Adding confusion to this issue, some nondys-
plastic nodules in cirrhotic livers are hyperin-
tense on T1-weighted gradient-echo MRI and
do not lose signal intensity on opposed-phase
imaging (86); they also do not enhance during
the arterial phase.

Because dysplastic nodules contain Kupffer
cells, on post-SPIO contrast these nodules range
from iso- to hypointense. The contrast ratios
between dysplastic nodules and their surround-
ing liver parenchyma during SPIO-enhanced
T2-weighted fast spin echo (FSE) MRI was zero
or nearly zero (87); histopathologically, essen-
tially no difference was evident in the number
of Kupffer cells in these dysplastic nodules and
surrounding parenchyma.

The risk of cancer in a cirrhotic liver con-
taining dysplastic nodules makes nodule resec-
tion a rarely viable option. Liver transplantation
is considered in these patients.

Extramedullary Hematopoiesis

Intrahepatic extramedullary hematopoiesis
develops in some congenital hematologic disor-
ders and hematologic malignancies. Hemat-
opoiesis ranges from focal tumors to a rare
extensive diffuse involvement. It can mimic fatty
infiltration.

Intrahepatic Spleen

Splenic tissue located outside Glisson’s capsule
usually represents splenosis after implanta-
tion of splenic tissue due to prior splenic
trauma.

Intrahepatic spleens are uncommon. Most
present as a focal tumor. Splenic tissue partly
embedded into liver should represent hyperpla-

sia of congenitally ectopic splenic tissue rather
than splenosis as long as it is beneath a common
capsule, even in a patient postsplenectomy.

Teratoma

A teratoma is a developmental anomaly, arising
from embryonal totipotential cells and contain-
ing ectoderm, mesoderm, and endoderm tissue.
It is rare in the liver. It occurs primarily in
infants. Some are associated with an elevated
serum a-fetoprotein level and thus are confused
with a hepatoblastoma.

Cystic Lesions

The differential diagnosis for an intrahepatic
cyst is rather extensive. Rare cystic metastases
to the liver include neuroendocrine and ovarian
neoplasms. Primary cystic neoplasms are
mostly of bile duct origin and are discussed in
Chapter 8.

Liver and renal cysts develop in a setting of
Ehlers-Danlos syndrome. The origin of some
intrahepatic cysts is difficult to determine and
histologic examination not only of the cyst
content but also of the cyst wall is often helpful.
Pathologists distinguish between true cysts (i.e.,
those containing an epithelial lining) and other
cystic structures. A need to establish a specific
diagnosis also influences therapy. Thus while
percutaneous aspiration and ethanol sclerother-
apy is therapeutic for some cysts, cystectomy,
cyst unroofing, or fenestration provide access to
a larger cyst wall specimen.

Uncomplicated cysts are hypointense on T1-
and hyperintense on T2-weighted images. They
do not enhance on postgadolinium arterial-
phase T1-weighted SGE images; they appear
hypointense during portal venous phase, and
continue to maintain their lack of enhancement
during the even later hepatic venous phase.

Peribiliary Cysts

Peribiliary cysts are believed to be secondary to
obstruction and dilation of peribiliary glands;
these cysts are distinct from congenital simple
cysts. They are more common in a cirrhotic
liver.

These cysts tend to be multiple, tubular,
<1.5 cm in diameter, and are located either close
to the hilum or along larger portal tracts. Some
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enlarging cysts obstruct adjacent bile ducts.
If extensive, a string-of-beads appearance is
evident. A peribiliary cyst is also suggested if
CT or US reveals water-density cysts around
second- to fourth-order intrahepatic portal vein
branches.

On T2-weighted MR images these cysts are
similar in appearance to dilated intrahepatic
bile ducts.

Simple Cysts

Simple liver cysts are common entities. They 
are lined by epithelium similar to that in bile
ducts but they do not communicate with bile
ducts. They are more common in women and
increase in number with age. Some are congen-
ital and probably originate from dilated aber-
rant bile ducts that did not connect with the
biliary tree.

Most simple cysts are asymptomatic and are
discovered as an incidental finding. An occa-
sional one becomes huge and compresses adja-
cent structures. Some are complicated by
bleeding or infection. Hemorrhage often leads
to pain. Spontaneous rupture also occurs, at
times into the peritoneal cavity.

Most simple cysts are unilocular with no
internal structures. Occasionally cyst wall
calcifications develop.

These cysts range in CT density between 0
and 10 HU. The cyst wall is thin or not visible,
a finding not seen with most intrahepatic
abscesses. A thin wall is seen, however, with cys-
tadenomas and cystocarcinomas. A simple cyst
reveals no contrast enhancement. Computed
tomography of most simple cysts is diagnostic.
Hemorrhage into a cyst increases the CT atten-
uation by 20 HU or so, seen with MRI as
increased signal intensity.

Ultrasonography of a simple cyst reveals 
an anechoic lumen, increased through-
transmission, and a thin, well-defined wall.
Increased echogenicity generally is secondary
to hemorrhage.

Simple cysts are very hypointense on T1- and
markedly hyperintense on T2-weighted MR
images, an appearance similar to a hemangioma
and an occasional metastasis. Contrast-
enhanced MRI distinguishes an enhancing
hemangioma from a nonenhancing cyst.

Cytology, a-fetoprotein, CA 19.9, CEA, fluid
culture, and lack of communication between the

cyst and intrahepatic bile ducts shown by
cholangiography aid in excluding other, more
ominous diagnoses. Especially with hemor-
rhage into these cysts, the differential diagnosis
includes a cystic or necrotic metastasis and a
primary hepatobiliary cystic neoplasm.

Because these cysts are lined by epithelium,
they recur after simple aspiration. They are
amenable to laparoscopic fenestration and 
percutaneous ablation therapy. The simplest
initial therapy for patients with symptomatic
cysts is US-guided percutaneous aspiration and
ethanol sclerotherapy. Few complications are
encountered.

Ciliated (Foregut) Cysts

The presence of ciliated epithelium within a
liver cyst should suggest a hepatic foregut cyst.
These rare, congenital lesions are usually less
than several centimeters in size, well defined,
unilocular, isolated, and subcapsular in loca-
tion. Some bulge beyond the liver outline and a
thin cyst wall is evident. They tend to be hypo-
dense on precontrast CT and hypo- to anechoic
on US. They have a variable signal intensity 
on T1- and are strongly hyperintense on T2-
weighted MR images. These cysts do not
enhance postcontrast, but at times the cyst wall
will enhance. They tend to be filled with bloody
mucinous fluid and their hyperintensity on T1-
weighted images depends on the amount of
mucin and blood within the cyst.

Although a foregut cyst can be strongly sus-
pected from its MR appearance, occasionally a
cystic metastasis has a similar appearance.

Lymphangioma

The classification of lymphangiomas varies.
They are related to hemangiomas in their histo-
logic appearance and, when generalized, the
term systemic cystic angiomatosis is often used.
In the liver they range from solitary to multiple,
but are rare. These cystic nonepithelial tumors
are lined by endothelial cells and are filled with
serous fluid or chyle. Most are solitary.

Imaging reveals complex cysts containing
thin septa.

Intrahepatic Pseudocysts

Intrahepatic pseudocysts in a setting of pancre-
atitis are rare. Computed tomography reveals
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hypodense homogeneous fluid collections, at
times multiple; some obstruct a bile duct. An
elevated amylase level in aspirated fluid
confirms the diagnosis. If necessary, percuta-
neous drainage is performed.

Hepatic Artery Aneurysm

With gray-scale US, some aneurysms simulate a
cyst; the two are distinguishable with Doppler
US unless the aneurysm contains a thrombus.

Benign Neoplasms
The vast majority of intrahepatic tumors found
to be iso- or hyperintense on T1-weighted MR
sequences are of liver parenchymal origin (this
finding applies only to high field strength
magnets).

A common feature of benign liver neoplasms
is the presence of fat within the tumor, either
within hepatocytes or as discrete lipomatous
tissue.

Adenoma

Clinical

A hepatocellular adenoma is a well-
circumscribed, hypervascular, and usually soli-
tary neoplasm. Most occur in women between
the ages of 20 and 40 years who are on oral con-
traceptive therapy. In some, an adenoma
regresses after cessation of therapy. Less often
adenomas develop in women taking estrogen or
in the presence of estrogen-producing neo-
plasms and in men on anabolic steroids.
Adenomas do develop in infants. They are more
prevalent than expected in patients with glyco-
gen storage diseases types I and III, and in 
these patients multiple adenomas (adeno-
matosis) are encountered. An occasional one
becomes pedunculated.

Some adenomas are discovered as incidental
findings. Symptoms, if present, range from 
dull pain, to repeated episodes of severe pain
due to hemorrhage into the tumor or adjacent
parenchyma, to sudden onset of pain and 
shock due to spontaneous intraperitoneal 
hemorrhage.A not atypical scenario is a woman
taking oral contraceptives, imaging and biopsy
reveal an incidental hepatic adenoma, the tumor

enlarges, and she presents with an acute
abdomen due to tumor rupture and 
hemoperitoneum.

An adenoma has a potential for malignant
transformation, although the risk of malig-
nancy is unknown. a-Fetoprotein levels are not
elevated with an adenoma; an elevated level in a
setting of a known adenoma suggests carcino-
matous transformation.

These tumors are supplied mostly from
hepatic artery branches and an acute hemor-
rhage is amenable to therapeutic arterial
embolization. Suspected adenomas are usually
resected rather than biopsied because of
possible hemorrhage and their potential for 
carcinomatous transformation. In addition, as
discussed below, in a number of these tumors a
clear-cut differentiation from hepatocellular
carcinoma is not feasible by imaging alone.

Pathology

Adenomas are well-marginated, hypervascular
benign neoplasms, at times containing regions
of hemorrhage or necrosis. These tumors
consist of hepatocytes containing increased
glycogen and lipid interspersed by dilated sinu-
soids, but a normal acinar arrangement is
missing, and supporting bile ductule and portal
structures are lacking. Varying amounts of
Kupffer cells are present. Only an inconstant
capsule is evident, and thus hemorrhage,
common with these tumors, readily spreads to
surrounding liver parenchyma.

Imaging

Adenomas tend to contain fat and glycogen,
with the fat being relatively uniform in distri-
bution. Focal calcifications are identified in
some. An occasional adenoma is pedunculated.
In distinction to focal nodular hyperplasia,
adenomas do not have a central stellate scar. The
presence of a scar implies prior necrosis.

Precontrast CT reveals an iso- to hypodense
tumor, the latter presumably secondary to
increased fat or prior necrosis. Acute hemor-
rhage appears hyperdense on noncontrast CT, a
condition usually found in patients with acute
symptoms. Adenomas enhance during the arte-
rial phase. Small feeding arteries accentuate 
an arterial phase peripheral enhancement, fol-
lowed by a centripetal pattern. The lesion
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becomes isodense or even hypodense on
delayed images. Most adenomas are homoge-
neous, but larger ones tend toward heteroge-
neous enhancement due to hemorrhage and
necrosis.

Precontrast CT detected 86% of 44 adenomas,
100% on arterial phase, 82% on portal venous
phase, and 88% of 24 on delayed phase (88);
contrast enhancement was homogeneous except
for regions of fat, hemorrhage, and necrosis. An
occasional adenoma contains calcifications.

Adenomas tend to be hyperechoic due to
their fat and glycogen content. Hemorrhage 
also modifies their US appearance, with recent
hemorrhage being hyperechoic and old blood
hypoechoic, thus mimicking a cyst. Any pro-
minent subcapsular vessels are detected by 
color Doppler imaging. Often the US and
Doppler appearance is similar to focal nodular
hyperplasia.

Some adenomas have MR characteristics
departing only slightly from normal liver
parenchyma, others vary in their MRI appear-
ance and mimic other tumors, including focal
nodular hyperplasia (Fig. 7.26). T1-weighted SE
MRI reveals most to be hyperintense and a
minority isointense or hypointense to liver

parenchyma. Most are hyperintense on T2-
weighted sequences; they vary in heterogeneity,
presumably due to their lipid content, hemor-
rhage, and necrosis. The degree of T1-weighted
hyperintensity is a measure of a lesion’s fat
content. As expected, gadolinium-enhanced
MRI shows most adenomas to have early arte-
rial enhancement, fading to become isointense
during later phases.

Hemorrhage and surrounding iron deposi-
tion is evident in some adenomas. An adenoma
rich in iron (called a siderotic adenoma) is
hyperintense on T1-weighted images and hypo-
intense T2-weighted images. More common are
focal iron deposits, resulting in a heterogeneous
MR appearance.

Three adenomas showed a mean of –7% 
(±24%) decrease in signal intensity on 
ferumoxides-enhanced T2-weighted MRI 
(81), presumably reflecting reticuloendothelial
uptake.

The presence of hepatocytes results in tumor
take-up of hepatocyte-specific scintigraphic
agents such as Mn-DPDP.

Most adenomas do not have Tc-99m–sulfur
colloid uptake, although a minority contain
Kupffer cells. Tagged red blood cell imaging

Figure 7.26. Hepatic adenoma (arrows). It is hypointense on T1-
(A) and hyperintense on T2-weighted images (B).C: It shows inho-
mogeneous contrast enhancement. (Source: Burgener FA, Meyers
SP, Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic Reso-
nance Imaging. Stuttgart: Thieme, 2002, with permission.)

A B

C



358

ADVANCED IMAGING OF THE ABDOMEN

shows early uptake and a cold defect on delayed
scans.

Arteriography reveals a hypervascular tumor,
at times containing hypovascular foci due to
hemorrhage or necrosis. Arteriography gener-
ally does not aid in differentiating adenomas
from other hepatic tumors, but arterial
embolization is occasionally helpful in their
preoperative management.

Many of the imaging findings of an adenoma
are similar to those of a hypervascular metas-
tasis. Imaging can usually suggest a liver
adenoma, but atypical findings make differenti-
ation from other focal tumors difficult.

Adenomatosis

Adenomas range from one, to several, to numer-
ous scattered throughout the liver, with the
latter termed adenomatosis. Adenomatosis
occurs equally in both sexes and is not related
to medication.

In a collection of 15 adults with >10 hepatic
adenomas each and no evidence of glycogen
storage disease or anabolic steroid use, 73% pre-
sented with abdominal pain, hepatomegaly was
found in 67%, and abnormal liver function in
91% (89); resection showed common intratu-
moral hemorrhage, but only 27% evidenced
clinical and imaging hemorrhage. Computed
tomography and MR revealed hypervascularity
in 63% and intratumoral fat in 50% of patients
with CT and 80% with MR; these non–
steroid-dependent adenomas grew over time,
and two patients developed hepatocellular 
carcinomas.

Lipoma

Hepatic lipomas are rare. An association
appears to exist with renal angiomyolipomas
and tuberous sclerosis. An occasional patient
has multiple liver lipomas.

Precontrast CT readily reveals their lipoma-
tous nature. Postcontrast, tumor density is vari-
able depending on the overall vascularity and
the amount of other tissue present. Ultrasonog-
raphy shows a hyperechoic, well-marginated
tumor with posterior attenuation. It mimics
focal fat or a hemangioma. A typical lipoma is
hyperintense on T1-weighted images. With all
sequences, including fat suppression and post-

contrast, a lipoma mimics other fat-containing
structures.

Occasionally seen is an encapsulated fatty
nodule on the liver surface, called a pseudo-
lipoma by some. These nodules have a fibrous
capsule and contain necrotic mature fat. Com-
puted tomography reveals subcapsular fat. Some
of these tumors develop focal calcifications.

Not all lesions containing fat are lipomas.
Both adenomas and angiomyolipomas contain
fat. A rare hepatocellular carcinoma, especially
in a setting of cirrhosis, contains sufficient fat to
be detectable with imaging. A rare liver xan-
thoma develops in a patient with hyperlipi-
demia. Most myelolipomas occur in the adrenal
glands; hepatic myelolipomas are rare focal,
heterogeneous tumors having varied MR signal
intensities, reflecting a mix of fat, marrow, and
occasional calcifications.

Angiomyolipoma

A benign mixed mesenchymal tumor, an
angiomyolipoma was previously classified as a
hamartoma, although a rare metastasis argues
for neoplastic consideration. It is a rare tumor
in the liver except in patients with tuberous scle-
rosis who also have renal angiomyolipomas.
Occasionally they are multiple. Histologically,
liver angiomyolipomas are similar to those
found in kidneys. Some exhibit extramedullary
hematopoiesis.

The overall imaging appearance is variable
depending on the amount of fat present, which
ranges from minimal to mimicry of a lipoma. In
fact, presence of fat is what distinguishes this
tumor from other, more ominous tumors.
Imaging typically reveals an inhomogeneous
fatty component within a tumor.

Most liver angiomyolipomas are hyper-
vascular.

A typical CT appearance is that of a hypo-
dense tumor showing delayed enhancement
during the portal venous phase (90); central
vessels are evident in some of these tumors.
They are hyperechoic by US and hyperintense
on T1-weighted MRI. Fat-suppression tech-
niques show a decreasing signal intensity.

Nevertheless, in some patients CT, US, and
angiography findings are atypical and mimic
focal nodular hyperplasia, hepatocellular carci-
noma, or even a rare myelolipoma. Thus an
occasional angiomyolipoma contains no visible
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fat, US revealed these to be mainly hypoechoic,
and with MR they range from hypo- to iso-
intense on T1-weighted sequences and hyper-
intense on T2-weighted sequences.

Malignant Neoplasms
Hepatocellular Carcinoma

Clinical

In the United States and Western Europe the
most common liver malignancy is a metastasis.
In most other parts of the world hepatocellular
carcinoma predominates. The incidence is grad-
ually increasing in the United States, with a dis-
proportionate increase in a younger patient
population. While a hepatocellular carcinoma is
often considered an adult tumor, it is the second
most common liver malignancy in children
(after hepatoblastoma).

Different presentations are seen in different
countries. In North America, cirrhotic patients
developing a hepatocellular carcinoma are
significantly older than those without cirrhosis;
survival is longer in patients without cirrhosis.
Underlying chronic liver disease makes hepato-
cellular carcinoma detection both more difficult
and also provides a clue to its presence.

Serum a-fetoprotein levels are not always 
elevated with these tumors, especially smaller
ones, and with fibrolamellar variant carcinomas
(discussed in a later section). On the other hand,
diffuse hepatocellular carcinoma, infiltrating
extensively, is invariably associated with high
levels. Elevated a-fetoprotein levels, however,
are also found in cirrhosis and some other
chronic liver diseases, fulminant hepatitis, and
some metastases. Hypoglycemia is common.
Most often jaundice at the initial presentation is
due to underlying liver failure, either secondary
to parenchymal replacement by tumor or super-
imposed cirrhosis. Jaundice due to bile duct
obstruction by tumor is unusual except late in
the course. A rare hepatocellular carcinoma
erodes into the bile ducts and sheds tumor frag-
ments, and jaundice ensues secondary to tumor
thrombus. This subset tends to mimic a cholan-
giocarcinoma in their appearance.

Most hepatocellular carcinomas are poorly
differentiated and have an aggressive growth
pattern. Portal vein, hepatic vein, and inferior
vena cava invasion are common.

Associated Conditions

A number of underlying conditions are associ-
ated with the subsequent development of hepa-
tocellular carcinoma (Table 7.11). Underlying
chronic liver disease is common. In North
America, cirrhosis is often present. In China,
HBV infection in younger patients is associated
with subsequent hepatocellular carcinomas
without underlying cirrhosis, a finding consis-
tent with a direct viral effect on liver cell trans-
formation. These younger patients tend to have
larger tumors than older patients, and their
tumors are more advanced when first dis-
covered. Excess liver iron also appears to 
predispose to cancer. In cirrhotics, risk of hepa-
tocellular carcinoma is increased in those with
iron deposits in regenerative nodules compared
to those without such iron; iron in regenerative
nodules tends to parallel parenchymal iron
deposits.

Hepatocellular carcinomas have developed
after long-term anabolic steroid administration,
mostly for hematologic disorders, and in
women on long-term oral contraceptives.
Nevertheless, no conclusive evidence exists of a 
relationship between oral contraceptives and
hepatocellular carcinoma. In Sweden, with

Table 7.11. Conditions associated with hepatocellular
carcinoma

Mostly in adults
Viral hepatitis
Cirrhosis
Hepatic adenoma
Adenomatous hyperplasia
Hemochromatosis
Hepatotoxin exposure
Androgen use
Porphyria

Acute intermittent
Porphyria cutanea tarda

Polyvinyl chloride exposure
Diabetes mellitus
Hepatic vein thrombosis

Mostly in children
Biliary atresia
Glycogen storage disease type I
Hereditary tyrosinemia
Congenital hepatic fibrosis
a1-Antitrypsin deficiency
Alagille syndrome
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extensive oral contraceptive use, hepatocellular
carcinoma incidence in women parallels that of
men; on the other hand, in Japan, with negligi-
ble oral contraceptive use, incidence and mor-
tality is gradually rising.

In cirrhotic patients, creation of a portosys-
temic shunt does not appear to increase risk for
hepatocellular carcinoma.

Some evidence suggests that patients with
chronic hepatic vein thrombosis are at risk for
hepatocellular carcinoma even without any evi-
dence for underlying cirrhosis.

An occasional patient develops a preceding
paraneoplastic syndrome.

Rupture/Bleeding

A hepatocellular carcinoma is prone to sponta-
neous rupture and bleeding, generally into the
peritoneal cavity. A rare hepatocellular carci-
noma first manifests with a spontaneous
rupture and the patient presents with hemo-
peritoneum. Some patients initially develop a
subcapsular hematoma, followed by capsular
rupture and hemoperitoneum. In general,
larger tumors and left lobe tumors are more
prone to rupture, compared to the right lobe.
Peritoneal tumor spread and omental seeding
are uncommon. Some tumors invade adjacent
colon and result in lower gastrointestinal 
hemorrhage. Transcatheter selective arterial
embolization can arrest such bleeding, but it is,
of course only palliative.

These patients are also prone to portal hyper-
tension, esophageal varices, and subsequent
variceal bleeding. Prophylactic variceal scle-
rotherapy is feasible, thus decreasing the risk 
of subsequent variceal bleeding. Transjugular
intrahepatic portosystemic shunting also helps
correct portal hypertension.

Screening

In spite of its high prevalent in the Orient 
and Africa, with the exception of a few Asian
countries few populations practice hepato-
cellular carcinoma screening, which is usually
based on liver US and serum a-fetoprotein
levels. Any patients with suspicious findings
then undergo further confirmatory diagnoses.A
Hong Kong US screening study of hepatitis B
virus carriers with elevated a-fetoprotein levels
achieved a sensitivity and specificity for hepa-

tocellular carcinoma detection of 86% and 82%,
respectively (91). Nevertheless, little evidence
suggests that screening leads to any significant
decrease in mortality. The few screening studies
for hepatocellular carcinoma in patients with
cirrhosis, generally consisting of US and serum
a-fetoprotein levels every six months, have
detected a cancer incidence of roughly 5% per
follow-up year; yet in spite of such screening,
cure rates for patients with a detected cancer
amenable to definitive therapy are low and
validity for screening cirrhosis patients can be
questioned.

Pathology

Adenomatous hyperplasia is a poorly under-
stood condition developing in some patients
with chronic liver disease. Patients with sur-
gically resected adenomatous hyperplasia
nodules that contain cellular atypia and focal
malignancy tend to develop hepatocellular car-
cinomas within a few years, while those with
adenomatous hyperplasia but without cellular
atypia do not. A sequence of regenerating
nodules, adenomatous hyperplasia, and atypia
appears to be a pathway for hepatocellular car-
cinoma development. Atypia leads to low-grade
malignancy and presumably to an advanced
hepatocellular carcinoma.

Whether hepatocellular carcinomas are mul-
ticentric in origin is debatable. The frequent
occurrence of hepatocellular carcinomas 
after resection of adenomatous hyperplasia
implies a multicentric origin. Direct injection of
radiopaque material into resected tumor speci-
mens shows that spread is by capsule invasion,
intrahepatic invasion, and portal vein.

Small hepatocellular carcinomas tend to be of
a low-grade malignancy and, in fact, macro-
scopic features of early hepatocellular car-
cinomas often resemble those of hyperplasia 
or adenoma rather than more advanced 
carcinomas. A not uncommon pattern is that of
well-differentiated cells mimicking benign
hepatocytes in connective tissue, factors related
to patient survival; these cells became less 
differentiated with growth. Nevertheless, well-
differentiated cancers do have a potential for
metastasis.

In North America, hepatocellular carcinomas
developing in a setting of cirrhosis tend to be
less well-differentiated than in those without
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cirrhosis and are more prone to invade the
portal vein. Encapsulated tumors are more
common in patients without cirrhosis.

Pathologists divide hepatocellular carcino-
mas into clear-cell and non–clear-cell types, but
no significant prognostic differences are evident
between the two.

Histologically, some metastatic carcinomas
are very similar in appearance to hepatocellular
carcinomas. This differentiation is especially
difficult with small needle biopsy specimens;
immunohistochemical staining for human
albumin messenger RNA (mRNA) is helpful 
in some. Albumin mRNA is detected in a 
majority of primary and metastatic hepatocel-
lular carcinomas, but not in nonhepatocellular
tumors.

A rare extrahepatic bile duct hepatocel-
lular carcinoma is reported. Whether these 
represent hepatoid differentiation of a cholan-
giocarcinoma or are indeed primary extra-
hepatic hepatocellular carcinomas is specula-
tion. An occasional such tumor contains both 
hepatocyte and bile duct cell features, and 
an immature progenitor cell origin appears 
reasonable.

Because current imaging detects smaller and
smaller lesions, the pathologist is now faced
with the task of differentiating between low-
grade malignancy and atypical hyperplasia.

Arteriovenous Shunting

Hepatocellular carcinomas are fed mostly by
arterial blood, although from a hemodynamic
viewpoint the situation is complex. Many of
these tumors drain, in part, into a portal venule
and thus mimic an arterioportal vein fistula.
Shunting is more common into the portal vein
than hepatic vein.

Ideally, arterioportal shunting is identified as
early portal vein filling after arterial contrast
injection. Shunting is often considered to be
present if arterial phase CT shows wedge-
shaped enhancement peripheral to a tumor and
if this region becomes iso- or hyperattenuating
during the portal phase. Extensive shunting
leads to hepatic artery enlargement. Arterio-
portal shunting affects liver perfusion and
decreases tumor enhancement, resulting in het-
erogeneous enhancement and, at times, even a
hypovascular CT appearance. Such shunting is
unusual with hypovascular metastases, but 

nontumor-associated arterioportal shunts do
exist in a cirrhotic liver and can mimic a hyper-
vascular tumor.

Arteriovenous shunting is detected with
hepatic arteriography or scintigraphy by inject-
ing Tc-99m–macroaggregated albumin (MAA)
into the tumor feeding artery (angioscintigra-
phy). The latter technique is very sensitive in
detecting small shunts. Angioscintigraphy can
estimate lung shunting in patients with hepato-
cellular carcinomas (lung shunting is calculated
as the total count over the lungs divided by the
total count over both the lungs and liver) and
correlates with tumor size (estimated by CT or
US) and vascularity.

The presence of arteriovenous shunting has a
bearing on prognosis and is considered a con-
traindication to arterial chemoembolization.
Transcatheter arterial embolization with steel
coils in some of these patients with severe arte-
rioportal shunting results in shunt resolution
and resumption of hepatopetal portal blood
flow and an improved quality of life, although it
has little effect on survival.

A word of caution. Non–tumor-associated
arterioportal shunts do exist in a cirrhotic liver
and can mimic a hypervascular tumor. Post-
contrast CT reveals such nontumorous shunts as
wedge-shaped and homogeneously enhancing
regions, at times containing an internal linear
branching pattern during the arterial phase.

Detection

Comparison Studies

The imaging technique yielding the highest
tumor nodule detection rate is not established,
although a trend is evident in favor of more
complex contrast-enhanced MR imaging. Both
superparamagnetic and hepatobiliary MR 
contrast agents show promise. A number of
studies, mostly by Japanese investigators, show
that arterial-phase MR is superior to arterial-
phase CT or any other CT or MR phase in
detecting and evaluating small hepatocellular
carcinomas. Ferumoxides-enhanced MRI
achieved a 93% sensitivity and 99% specificity
in tumor detection, while combined CT arterial
portography and hepatic arteriography
achieved a 91% sensitivity and 94% specificity
(92), and the authors suggest that MRI can
replace CT for preoperative evaluation of these
patients.
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Tumor detection using a combined 
unenhanced, gadolinium-enhanced, and 
ferumoxides-enhanced MRI was similar to that
obtained with a combined CT arterial portog-
raphy and biphasic CT hepatic arteriography
(93); an advantage of the MRI approach is that
invasive CT angiography is not necessary.

Detection accuracy of malignant hepatic
tumors (a mix of hepatocellular carcinomas and
metastases) by SPIO-enhanced MR imaging is
superior to unenhanced MRI and is similar to
CT arterial portography (94). Relative tumor
detection sensitivities depend on tumor size; CT
and US detect more smaller tumors than DSA
or even possibly iodized oil CT; but the latter are
more sensitive with a larger tumor volume.

Magnetic resonance is probably more sensi-
tive than CT in showing that a capsule is present
and in identifying vascular involvement.

General Imaging Findings

A differentiation of hemangiomas from hepato-
cellular carcinomas (and metastases) was 
discussed above (see Differential Diagnosis of
Focal Tumors).

About half of hepatocellular carcinomas
occur as solitary, discrete tumors, with the other
half consisting of several to multiple focal
lesions or diffuse liver infiltration (Fig. 7.27). A
rare one is extrahepatic, connected to a lobe by
a pedicle. In children, signs pointing toward a
hepatocellular carcinoma are the presence of
underlying liver disease and significant venous

invasion, findings somewhat uncommon with a
hepatoblastoma. Imaging findings in children
tend to mimic those seen with a hepatoblastoma 
(Fig. 7.28).

Most hepatocellular carcinomas are rather
vascular, supplied primarily by hepatic artery
branches.Vascular invasion more often involves
portal vein branches rather than hepatic veins.
Arterioportal shunting and hemorrhage are
common. The less common well-differentiated
hepatocellular carcinomas tend toward 
hypovascularity.

Computed tomography is not reliable in
detecting bile duct invasion. Cholangiography

Figure 7.27. Multifocal hepatocellular carcinoma.

Figure 7.28. Hepatocellular carcinoma in a 5-year old girl. A,B: Arterial phase CT reveals a tumor replacing most of the left lobe and
nodules scattered in the right lobe. A hepatoblastoma was in the differential diagnosis. (Courtesy of Luann Teschmacher, M.D., Uni-
versity of Rochester.)
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can identify an intraductal tumor (Fig. 7.29), at
times mimicking a stone. Also, a tumor involv-
ing the liver hilum may obstruct bile ducts and
result in intrahepatic biliary dilation without
direct bile duct invasion.

Aside from fibrolamellar carcinomas, gross
calcifications in a hepatocellular carcinoma are
uncommon. An occasional one contains a
central scar, which is more often detected in a
carcinoma developing in a noncirrhotic liver
than in a cirrhotic liver.

Computed Tomography

A characteristic unenhanced CT appearance of
hepatocellular carcinomas is that of a hypo-
dense to isodense tumor. Some isodense tumors
contain a thin hypodense rim, but the margin
between tumor and adjacent parenchyma tends
to be poorly defined. Typical postcontrast
findings consist of marked neovascularity,
enlarged feeding arteries, a dense tumor vascu-
lar blush, normal or delayed contrast washout,
and arterioportal shunting. Nevertheless, con-
siderable CT variability exists and an occasional
one is even hypovascular (Fig. 7.30). Some
reveal an enhancing rim during the portal

phase. In general, CT contrast-enhancing
regions represent viable tumor tissue, while
hypodense regions are either necrotic or
contain fibrosis and hemorrhage.

What is the relative value of arterial phase,
portal venous phase, and delayed phase CT in
detecting these tumors? Arterial phase imaging
yields the highest tumor-to-parenchyma con-
trast and detects more tumors than the other
phases. During the arterial phase they tend
toward intense homogeneous enhancement, a
finding also seen with other hypervascular
tumors, both benign and malignant. Larger
tumors have heterogeneous arterial-phase
enhancement, probably due to interspersed
necrosis. Tumors missed on the arterial phase
tended to be well differentiated, do not have a
fibrous capsule, and are relatively hypovascular.
Although different publications provide differ-
ent tumor detection rates, relative tumor detec-
tion between various imaging phases is
remarkably constant. A combination of arterial
and portal venous phase images detects
significantly more tumors than a combination
of unenhanced and portal venous phase images.
Any combination of two phases that includes
the arterial phase is superior to a combination
of portal and delayed phases. Or, for maximum
tumor detection, all three phases should be
obtained because a small minority of tumors
are detected only on unenhanced images.

A novel technique consists of both early and
late arterial-phase images obtained serially

Figure 7.29. Hepatocellular carcinoma growing within hepatic
duct (arrow), an uncommon presentation.

Figure 7.30. Hepatocellular carcinoma. Contrast-enhanced CT
identifies a tumor replacing part of the right lobe (arrows).
(Courtesy of Patrick Fultz, M.D., University of Rochester.)
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during a single breath-hold multidetector CT
study. Such double arterial-phase imaging
yielded detection sensitivities of 54% for the
early arterial phase, 78% for the late arterial
phase, and 86% for the double arterial phase
(95); the number of false-positive tumors 
was also reduced with double arterial-phase
imaging.

The place of 3D liver CT reconstruction in
evaluating hepatocellular carcinomas is not yet
clear in spite of some obvious advantages. It is
useful to the surgeon in defining vascular and
tumor anatomy in specific segments when plan-
ning resection, yet at present 3D reconstruction
is not widely practiced; considerable operator
time and experience is necessary to achieve
meaningful results.

One technique consists of reconstructing
maximum intensity projection images of intra-
hepatic portal venous branches and hepatic
veins, plus shaded surface display images of
hepatic tumors from postcontrast CT data;
when superimposed, these two sets of images
provided a 3D relationship between vessels 
and tumors, aiding tumor localization prior to
resection.

Do CT arterial portography and CT hepatic
arteriography add significant information
beyond what is obtained with triple-phase CT
during preoperative evaluation of hepatocellu-
lar carcinomas? Adding CT arterial portography
to triple-phase CT increased sensitivity from
94% to 96% and the further addition of CT
hepatic arteriography increased it further to
97% (96); a disadvantage is that CT arterial por-
tography and CT hepatic arteriography increase
the false-positive rates without a corresponding
gain in sensitivity.

Computed tomography hepatic arteriogra-
phy aids, in part, in differentiating dysplastic
nodules from hepatocellular carcinomas. Thus
CT hepatic arteriography reveals that although
high-grade dysplastic nodules range from 
hypo- to hyperdense, a majority of low-grade
dysplastic nodules are isodense (97); carcino-
mas, on the other hand, are mostly hyperdense,
especially moderately to poorly differentiated
ones.

A limitation of CT hepatic arteriography is
that in some patients the entire liver cannot be
studied because of an aberrant blood supply;
examples include the presence of an aberrant

left hepatic artery originating from the left
gastric artery and occlusion of a right hepatic
artery; injection of contrast into the hepatic
artery does not opacify these segments and thus
misses tumors there.

Computed tomography arterial portography
involves placing an angiographic catheter into
the splenic artery or superior mesenteric artery
distal to the origin of any hepatic arteries.
During portal-phase imaging the normal liver 
is markedly enhanced, with little enhancement
of neoplasms receiving their blood supply from
the hepatic artery, thus accentuating contrast
differences between normal parenchyma and 
a neoplasm. Potentially this technique allows
detection of smaller tumors. Similarly to CT
hepatic arteriography, CT arterial portography
aids in differentiating dysplastic nodules 
from hepatocellular carcinomas. Thus 77% of
low-grade dysplastic nodules were isodense,
while only 32% of high-grade dysplastic
nodules were isodense (the rest ranged from
slightly to markedly hypodense) (97); all well-
differentiated carcinomas ranged from slightly
to markedly hypodense and moderately to
poorly differentiated carcinomas all were
markedly hypodense. Practical application of
such CT correlation with histologic findings is
yet to be established.

While CT arterial portography is rather sen-
sitive, its specificity is rather low. Hemangiomas,
focal nodular hyperplasia, regenerating
nodules, and liver parenchyma being fed by
aberrant vessels are detected, and in many
instances these false-positive lesions cannot 
be distinguished from neoplasms. Follow-up
double-phase CT arteriography appears useful
in differentiating hepatic tumors, especially
malignancies, from nonspecific perfusion
abnormalities (called pseudolesions by some).
These nonneoplastic perfusion abnormalities
tend to be more common adjacent to the falci-
form ligament, gallbladder, and posterior 
edge of the medial segment. For unknown
reasons these abnormalities occur less often
adjacent to the falciform ligament in patients
with cirrhosis.

Hepatocellular carcinomas not identified by
CT arterial portography (i.e., false negative)
tend to be central in location or associated with
segmental portal vein thromboses obstructing
the flow of contrast to the liver periphery.
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Computed tomography arterial portography
is of limited value in a setting of portal hyper-
tension, regardless of the etiology; insufficient
iodine is delivered via the portal vein to the liver
to achieve adequate contrast differences for
tumor visualization. Enhancement is also
decreased if portosystemic shunting has devel-
oped. In these settings CT arteriography is a
better choice.

Malignant tumor size tends to be overesti-
mated with CT arterial portography. Reasons
are due to parenchymal compression, portal
vein obstruction, or possibly a siphoning effect
by these hypervascular tumors.

Although an iodized oil CT study (also called
Lipiodol CT) is often used as a gold standard for
tumor detection, it has distinct limitations. It is
generally assumed that iodized oil is retained
only by malignant cells, although evidence 
suggests that oil is also retained by other
tumors. Iodized oil can accumulate in a heman-
gioma. Iodized oil uptake tends to be homoge-
neous in tumors smaller than 2 cm in diameter,
becoming inhomogeneous in larger ones, pre-
sumably secondary to necrosis.

It would be naive to think that iodized oil CT
detects all tumors. Iodized oil CT appears to be
a tarnished gold standard when examining
tumors in explanted livers, with pretransplanta-
tion iodized oil CT sensitivity being rather low.
Nevertheless, contrary to some studies, it often
detects more tumors than other imaging modal-
ities.

Occasionally spasm is encountered during
arterial injection of Lipiodol, resulting in prox-
imal Lipiodol reflux. Intraarterial buflomedil
has been used to decrease arterial spasm.

Ultrasonography

Sonographic findings of hepatocellular carcino-
mas vary and are nonspecific. Sonography
detects only a minority of hepatocellular carci-
nomas in patients with advanced cirrhosis, in
one study identifying only 27% of tumors prior
to liver transplantation (98). In the West, even
small tumors range from (mostly) hypoechoic
to (less often) hyperechoic, while in parts of
Africa multinodular, hyperechoic tumors are
more common. A thin hypoechoic rim with a
hyperechoic center is evident in some; such a

target sign is nonspecific and is also seen with
metastases and some benign tumors. A complex
pattern develops with growth, and these tumors
range from heterogeneous, hyperechoic, hypoe-
choic, and nodular, to diffuse infiltration. An
occasional one mimics an abscess.

Ultrasonography depicts “hemangioma-like”
lesions in some cirrhotic patients (99); follow-
up revealed that half were hyperechoic hepato-
cellular carcinomas.

Color Doppler signals are detected both at the
periphery and within vascular tumors; they are
detected in a majority of hepatocellular carci-
nomas and focal nodular hyperplasias. Power
Doppler US is superior to color Doppler US in
visualizing hepatocellular carcinoma blood flow
and identifying tortuous intratumoral vessels.
Numerous studies have confirmed that 
contrast-enhanced power Doppler US is supe-
rior to unenhanced power Doppler US in detect-
ing hepatocellular carcinoma tumor vascularity.
Contrast-enhanced color Doppler US of most
hepatocellular carcinomas reveals intratumoral
signals, afferent vessels, and peripheral 
vascularity.

Doppler US–generated hepatic artery veloc-
ity histograms show hepatocellular carcinoma
artery flow tending toward turbulent. Occasion-
ally color Doppler US detects reversed portal
blood flow adjacent to a hepatocellular carci-
noma; such flow reversal is nonspecific and is
also identified with metastases, abscesses, and
even subcapsular hematomas. Color Doppler US
detects a feeding artery in hepatocellular carci-
nomas more often after contrast; a feeding
artery, however, is not pathognomonic of a
hepatocellular carcinoma.

Carbon dioxide–enhanced US is used to
study blood flow patterns. In some hands US
enhanced with intraarterial carbon dioxide
microbubbles detects more hepatocellular car-
cinomas than contrast-enhanced CT or even
iodized oil-CT. After carbon dioxide microbub-
ble injection into the hepatic artery, real-time 
B-mode US will identify blood drainage into 
a portal vein branch through a hepatocellular
carcinoma, thus confirming arterioportal 
shunting.

Pulse-inversion harmonic US with pre- and
serial postintravenous microbubble contrast
injection reveals dense tumor staining,
enhancement ranging from homogeneous to
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heterogeneous with rapid washout and a sur-
rounding late pseudocapsule enhancement;
centripetal fill-in, a characteristic finding with
hemangiomas, is not found with these cancers
(Fig. 7.31).

Using IV contrast, intermittent harmonic
power Doppler US achieved a sensitivity of 93%
and specificity of 100% for depicting tumor
vessels and tumor stain (100). Postcontrast,
conventional power Doppler US depicts
significantly more signals from hepatocellular
carcinomas than harmonic power Doppler US
(101). On the other hand, in spite of relatively
short effective enhancement duration with 
harmonic Doppler US, it produces fewer 
artifacts.

Intraoperative US detects tumors not imaged
preoperatively and not localized by palpation or
inspection during surgery. Not all nodules rep-
resent a malignancy. This modality thus is of
value in planning specific segmental resection.
In an occasional patient a planned resection
based on prior CT arterial portography is
modified by intraoperative US.

Magnetic Resonance Imaging

On both T1- and T2-weighted MRI, hepato-
cellular carcinomas range from hypointense 
to hyperintense compared to normal liver
parenchyma. Most often, however, a hyperin-

tense tumor on T1-weighted images suggests a
hepatocellular carcinoma or a benign tumor;
most metastases are hypointense. A majority of
hepatocellular carcinomas are hyperintense on
T2-weighted images. Small tumors tend to be
iso- or somewhat hyperintense on T1- and
isointense on T2-weighted images. Larger
tumors tend toward heterogeneity on both T1-
and T2-weighted images. Diffuse hepatocellular
carcinoma infiltration ranges from subtle, often
minimal precontrast findings, to a mottled
hyperintense appearance on T2-weighted
images; a similar heterogeneous pattern is often
evident on immediate postcontrast images. A
higher T1-weighted signal intensity appears
related to a higher degree of tumor differentia-
tion, more steatosis, and higher tumor copper
content than surrounding liver parenchyma
(102).

Chemical shift MR with both opposed-phase
and in-phase FLASH imaging detects fat in a
minority of hepatocellular carcinomas. T1-
weighted fat-suppressed images appear supe-
rior to T1- and T2-weighted images in detecting
small hepatocellular carcinomas (103).

Paramagnetic ions contributing to the MR
signal include copper and iron both in the
tumor and in surrounding liver parenchyma.
Excess copper accumulation in some hepatocel-
lular carcinomas may account for part of the
hyperintense T1-weighted signal (103), yet the

Figure 7.31. Hepatocellular carcinoma. A: Oblique pulse-inversion harmonic US identifies a hyperechoic tumor (arrows). B: Similar
contrast-enhanced US 33 seconds after contrast injection reveals heterogeneous tumor enhancement.The tumor contains an enhanc-
ing vessel (arrow). (Source: Kim TK, Choi BI, Han JK, Hong HS, Park SH, Moon SG. Hepatic tumors: contrast agent-enhancement pat-
terns with pulse-inversion harmonic US. Radiology 2000;216:411–417, with permission from the Radiological Society of North
America).
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amount of divalent copper present appears to be
insufficient to account for all of this signal. The
often high iron content within dysplastic
nodules leads to a hypointense appearance on
T2-weighted images, while a carcinoma devel-
oping within this nodule will be hyperintense,
an appearance of a nodule-within-nodule.

If a capsule is present, T1-weighted images
reveal a hypointense rim. T2-weighted images
show a capsule and surrounding structures as a
double layer consisting of an inner hypointense
and an outer hyperintense layer. Underlying cir-
rhosis influences tumor appearance and makes
MR interpretation more difficult. Tumors in cir-
rhotic livers are smaller, less often solitary and
less likely to contain a central scar.

Current evidence suggests that contrast-
enhanced MRI is superior to other imaging
techniques in detecting and providing a viable
differential diagnosis for hepatocellular carci-
nomas, yet the critical evidence does not instill
confidence even in MR, especially in a setting of
cirrhosis. Thus pretransplantation 2D or 3D
gadolinium-enhanced gradient-echo MRI using
arterial, portal venous, and equilibrium phases
in cirrhotic patients detected cancers only in
55% of patients shown to have cancers (104);
on a lesion-by-lesion basis, MRI achieved an
overall sensitivity of only 55%, missing 50% of
neoplasms 1 to 2 cm in diameter and 66% of
tumors <1 cm.

The most optimal type of MR contrast agent,
be it a primarily hepatobiliary, superparamag-
netic, or other agent, is not clear. In patients 
with malignant hepatic tumors (mostly hepato-
cellular carcinomas) gadolinium-enhanced 
MRI achieved greater sensitivity (81%) than 
ferumoxides-enhanced MR (62%) for tumor
detection, but specificity was comparable (94%)
(105); superiority of gadolinium was enhanced
in patients with underlying cirrhosis.

Considerable MR variability in appearance is
a hallmark of postcontrast hepatocellular carci-
nomas. For most tumors, the tumor-to-liver
contrast ratio increases after intravenous
gadolinium; increasing the gadolinium dose
from the recommended 0.1 mL/kg of body
weight does not improve the tumor-to-liver 
contrast.

A typical appearance of a small hypervascu-
lar hepatocellular carcinoma in cirrhosis is early
but mild contrast enhancement, rapid washout
and little delayed enhancement except for 

peritumoral coronal enhancement (106). Larger
tumors have a heterogeneous pattern. The more
vascular poorly differentiated hepatocellular
carcinomas show marked initial enhancement,
become isointense during portal venous phase
and even hypointense later on. Some tumors
exhibit delayed enhancement. A small minority
are hypointense during the arterial phase. Also,
any superimposed liver disease modifies the
MRI appearance.

Lesions <1 cm and isointense on precontrast
images are best identified (and often only) by
their immediate homogeneous postcontrast
enhancement. Of hepatocellular carcinomas <
3 cm, roughly half are detected on T1-weighted
images, half on T2-weighted images and half on
post-gadolinium T1-weighted images. Although
some authors have published greater detection
rates, relative detection pre- and postcontrast as
outlined above is typical. T2-weighted image
hyperintensity is related to expansive 
growth, peliosis, and hypervascularity, while
hypointense or undetected tumors tending to be
well differentiated. On postgadolinium T1-
weighted images hyperintensity is related to
peliosis, with undetected tumors being well dif-
ferentiated and hypovascular. In general, adding
dynamic imaging increases tumor detection by
20% or so over precontrast imaging.

After gadobenate dimeglumine, well-
differentiated hepatocellular carcinomas tend to
have a rapid increase in signal intensity during
the arterial phase, while poorly differentiated 
carcinomas have a more delayed rise in signal
intensity. Postcontrast, some hepatocellular car-
cinomas are surrounded by a hypointense rim
on early images, with this rim enhancing later
on; this enhancing rim appears to be caused 
by contrast draining through a (pseudo)capsule
into a surrounding layer containing portal
venules; arterial blood in a hepatocellular carci-
noma drains into adjacent portal veins (107).
Rim enhancement is evident in a majority of
hepatocellular carcinomas during the portal
venous phase.

Typical findings, if present, help differentiate
these carcinomas from hemangiomas; the latter
have early peripheral enhancement, a more
marked but delayed peak enhancement, and
continued delayed enhancement. Metastases
tend toward peripheral enhancement, a finding
lacking with hepatocellular carcinomas, which
enhance throughout, albeit heterogeneously.
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Superparamagnetic iron oxide contrast
agents are taken up both by liver Kupffer cells
and normal hepatocytes, including those in
dysplastic nodules (Fig. 7.32). They accumulate
in benign lesions, which thus can be differenti-
ated from Kupffer cell-poor hepatocellular car-
cinomas, yet a word of caution: some uptake of
SPIO is evident in well-differentiated hepatocel-
lular carcinomas and these become isointense.
As an example, during SPIO (ferumoxides)-
enhanced MRI, moderately or poorly differ-
entiated hepatocellular carcinomas had high
tumor-to-liver parenchyma contrast ratios and
large differences in the number of tumor-to-

parenchyma Kupffer cells, while in some well-
differentiated carcinomas these contrast ratios
were zero or near zero (87). Although the ability
to differentiate between poorly differentiated
and well-differentiated hepatocellular carcino-
mas may appear to be an advantage, in actual
practice this finding implies that well-differen-
tiated carcinomas will either not be evident or
will appear similar to benign liver tumors.

In some studies iron oxide–enhanced MRI
detect more hepatocellular carcinoma nodules
<10 mm in diameter than unenhanced MRI,
gadolinium-enhanced MRI, or CT. In others,
using different MR sequences, gadolinium-

Figure 7.32. Hepatocellular carcinoma in a dysplastic nodule. A:
Nonenhanced long TR/short TE MR image shows a hyperintense
carcinoma (small arrow) in a dysplastic nodule (large arrows). B:
Superparamagnetic iron oxide (SPIO)-enhanced long TR/short TE
image reveals SPIO uptake by the dysplastic nodule but not carci-
noma. C: T1-weighted fast low-angle shot (FLASH) image 10
seconds after gadolinium identifies a hyperintense cancer (arrow)
in a less intense dysplastic nodule. (Source: Ward J, Guthrie JA,
Scott DJ, et al. Hepatocellular carcinoma in the cirrhotic liver:
double-contrast MR imaging for diagnosis. Radiology 2000
216:154–162, with permission from the Radiological Society of
North America.)
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enhanced MRI appears superior (Fig. 7.33).
Such comparisons are difficult to place in a
wider clinical perspective; they reflect specific
MR units used and specific imaging conditions.
The SPIO-enhanced hepatocellular carcinomas
appear slightly bigger than on comparable
gadolinium-enhanced images.

A 3D MRA rotational display, obtained from
2D TOF images using SPIO, shows their rela-

tionship to portal and hepatic veins on the same
image, information useful during presurgical
planning.

Chondroitin sulfate iron colloid is a potential
intravenous MR contrast agent. The tumor-to-
liver contrast-to-noise ratio is significantly
increased after chondroitin administration,
primarily in moderately to poorly differentiated
hepatocellular carcinomas.

Figure 7.33. MR of a hepatocellular carcinoma in a cirrhotic liver. Nonenhanced long TR/long TE image (A), SPIO-enhanced long
TR/long TE image (B), T1-weighted FLASH image 10 seconds after gadolinium (C), and T1-weighted FLASH image 40 seconds after
gadolinium (D). This tumor (arrow in B) was identified only on SPIO-enhanced images. (Source: Ward J, Guthrie JA, Scott DJ, et al.
Hepatocellular carcinoma in the cirrhotic liver: double-contrast MR imaging for diagnosis. Radiology 2000 216:154–162, with per-
mission from the Radiological Society of North America.)
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Well-differentiated hepatocellular carcino-
mas exhibit considerably more uptake of Mn-
DPDP than poorly differentiated ones and as a
result these tumors can range from hyper- to
hypointense; those that become isointense are
not detected with this contrast agent. In overall
hepatocellular carcinoma detection Mn-DPDP
appears inferior to gadolinium (108). This agent
does not aid in differentiating these tumors
from adenomas and focal nodular hyperplasia
but does help in differentiating hepatocellular
carcinomas from metastases (the latter exhibit
little uptake).

Will combined use of SPIO followed by in-
jection of a gadolinium contrast agent (called
double-contrast MRI by some) aid carcinoma
detection? Such a double-contrast study in cir-
rhotic patients with suspected hepatocellular
carcinoma revealed that SPIO-enhanced MRI
was more accurate than precontrast MRI, and
double-contrast MRI was more accurate than
SPIO-enhanced MRI (109). Such double MR
studies are especially useful in characterizing
nodules in a cirrhotic liver (110).

Scintigraphy

Some hepatocellular carcinomas have Tc-99m-
IDA uptake. A not uncommon pattern is to see
little or no uptake within the first hour, with the
lesion subsequently filling in. In general, well-
differentiated carcinomas show uptake while
less differentiated ones appear cold.

Hepatocellular carcinomas show variable
gallium 67 citrate uptake, a nonspecific finding;
abscesses and some metastases also reveal
uptake; however, in the appropriate setting 
such uptake should suggest a hepatocellular 
carcinoma.

Uptake of Tc-99m-methoxyisobutylisonitrile
(MIBI) using SPECT is variable and appears
related to tumor histology.

Although thallium 201 chloride is a promis-
ing tumor imaging agent, its use in the liver is
limited by normal liver uptake. When sequen-
tially combined with Tc-99m–sulfur colloid,
SPECT Tl-201 images show increased activity in
hepatocellular carcinomas while Tc-99m–sulfur
colloid SPECT reveals photopenia at these sites.

Some neoplasms have increased FDG metab-
olism, and PET-FDG is useful in their detection.
Most hepatocellular carcinomas have increased
uptake, but a minority have uptake equal to liver

and thus are not detected. FDG metabolism
does not necessarily correlate with tumor 
differentiation. Adenomas and fibronodular
hyperplasia have poor uptake.

Biopsy

A need to establish pathologic diagnosis is
obvious with a suspected tumor. Percutaneous
biopsy using imaging guidance usually is diag-
nostic. If aggressive therapy of confirmed 
hepatocellular carcinoma nodules is planned,
knowledge of the histologic subtype may
suggest a specific therapy. Thus early or scle-
rosing carcinomas with their limited tumor 
vascularity do not respond to arterial emboliza-
tion. Early carcinomas tend to respond to per-
cutaneous ethanol injection, while sclerosing
types respond poorly.

Both cytology and histology can be used to
diagnose these tumors. Biopsies are often per-
formed in cirrhotic livers and results are supe-
rior when cytology and histology are combined.
In general, a diagnosis can be obtained in about
90% of tumors when using an 18 gauge cutting
needle and US guidance. Biopsy appears safe
provided the interposing liver parenchyma is 
>1 cm. Postbiopsy bleeding is a recognized 
complication.

One biopsy complication is an intrahepatic
arterioportal fistula. Postbiopsy (with a 14-
gauge Thru-Cut needle) arterioportal fistulas
detected by DSA can be treated with coil
embolization and followed by planned
chemoembolization.

Tumor spread along a needle tract after fine-
needle biopsy of a hepatocellular carcinoma
appears rare, with only occasional reports 
published.

Staging

The TNM hepatocellular carcinoma staging
classification is outlined in Table 7.12. Some
investigators also use a Stage 0—defined as a
solitary hepatocellular carcinoma <2 cm in size
in patients with compensated cirrhosis. Stage 0
is a useful concept in patients undergoing
various percutaneous ablation therapies. In
general, staging of these tumors is less useful
than with most cancers because underlying liver
function plays a major role in patient survival.
Direct spread to adjacent structures is a
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common late finding. For example, direct 
invasion of the proximal transverse colon,
mucosal erosion, and exsanguination are not
uncommon.

Iodized oil-CT is often used as an imaging
gold standard to detect additional carcinoma
nodules. Its limitation has already been 
mentioned.

Ultrasound angiography using small CO2

bubbles appears to aid in staging and planning
therapy. Comparing helium and CO2 bubbles
injected into proper hepatic artery in patients
with hepatocellular carcinoma, enhancement
duration is longer with helium than with CO2

and the degree of enhancement greater (111);
helium aids in additional carcinoma nodule
detection.

Hepatocellular carcinoma has a predilection
for vascular invasion (Fig. 7.34). Most common
is spread to the portal vein, although inferior
vena caval involvement is not uncommon, an
occasional one even extending intraatrially.
Normally, the portal vein enhances on post-
contrast MRI portal venous phase images; with
invasion, the portal vein contains an intralumi-
nal nonenhancing tumor rather than contrast-
enhancing blood, although some tumor
thrombi show early arterial enhancement
during dual-phase CT, thus suggesting a diag-
nosis. The etiology of portal vein thrombosis
detected in patients with a known hepatocellu-
lar carcinoma is of obvious staging importance.
Not all thromboses are neoplastic in origin; the
superimposed cirrhosis present in many of
these patients is also associated with portal vein
thrombosis. A US-guided needle biopsy of the
thrombus is a viable staging technique.

Although some authors believe that metasta-
tic hepatocellular carcinoma is rare, tumor

Table 7.12. Tumor, node, metastasis (TNM) staging of liver
cancer

Primary tumor:
Tx Cannot be assessed
T0 No evidence of primary tumor
T1 Solitary tumor without vascular 

invasion
T2 Solitary tumor with vascular invasion 

or multiple tumors, none >5 cm
T3 Multiple tumors >5 cm or tumors 

involving major portal or hepatic 
branch

T4 Direct invasion of adjacent organs

Lymph node involvement:
Nx Regional nodes cannot be assessed
N0 No regional nodes involved
N1 Regional nodes involved

Distant metastasis:
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Stage I 1 N0 M0
Stage II T2 N0 M0
Stage IIIA T3 N0 M0
Stage IIIB T4 N0 M0
Stage IIIC any T N1 M0
Stage IV any T any N M1

Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.

Figure 7.34. Hepatocellular carcinoma. A: More cranial CT shows an inferior vena cava thrombus (arrow). B: More caudal image
reveals the tumor and a right portal vein thrombus (arrow). Adenopathy is also present. (Courtesy of Patrick Fulz, M.D., University of
Rochester).
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spread outside the liver is not uncommon,
mostly during advanced stages. Lymphatics,
lung, and skeleton are typical sites; on the other
hand, biliary tract involvement is uncommon.
An incidental extrahepatic tumor in a patient
with stage I or II intrahepatic hepatocellular
carcinoma likely is not a metastatic focus.

The uncommon intraperitoneal drop metas-
tases range from single to multiple, but are 
discrete. A rare metastatic hepatocellular carci-
nomas causes spinal cord compression.

Therapy

If applicable, resection is the preferred therapy
for liver cancers. Several other modalities have
evolved as therapies for unresectable hepato-
cellular carcinomas (Table 7.13). Some have had
limited application, while others are currently in
use, especially in those parts of the world where
hepatocellular carcinoma is prevalent. Conven-
tional chemotherapy and radiation therapy
have a limited role. Based on a retrospective
multicenter Japanese study of patients with
hepatocellular carcinoma comparing resection,
transcatheter arterial chemoembolization, and
percutaneous transhepatic ethanol injection,
the authors recommend either resection or
ethanol injection for stage I tumors < or = 3 in
number and < or = 30 mm in size, ethanol injec-
tion for stage II tumors < or = 3 in number and
< or = 30 mm in size and resection (if applica-
ble) for stage I tumors >31 mm in size and

regardless of number (113). Use of antiangio-
genic agents to treat hepatocellular carcinomas
is too new to draw any firm clinical conclusions.

Unresectable

The borderline between a resectable and an
unresectable tumor varies between surgeons.
Also, some hepatocellular carcinomas deemed
unresectable are amenable to preoperative
cytoreduction therapy to the point that it is 
subsequently resectable. In fact, an argument
can be made that the primary role of preopera-
tive therapy is to convert an unresectable hepa-
tocellular carcinoma into a resectable one.

An occasional patient undergoes aggressive
therapy and achieves prolonged survival even
with an extensive hepatocellular carcinoma.

Resection

Preoperative localization of a focal liver lesions
to a specific hepatic segment is of obvious 
interest to the surgeon, and therefore a need
exists for imaging techniques to identify a
segment in question. Two systems are in use for
classifying liver lobes and segments: the Couin-
aud system, widely used throughout Europe and
Asia, and an English system more common in
Great Britain and United States (Table 7.14). The
primary difference between the two systems is
in nomenclature, with the Couinaud classifi-

Table 7.13. Therapy of hepatocellular carcinomas

Therapy Approach Action

Resection Surgical —
Chemoembolization Vascular (arterial) Ischemia
Microspheres Vascular (arterial) Ischemia, radiation
Ethanol Percutaneous (injection) Denaturation
Acetic acid Percutaneous (injection) Denaturation
Hot saline Percutaneous (injection) Hyperthermia
Radiofrequency Percutaneous (coagulation) Hyperthermia
Laser photocoagulation Percutaneous (coagulation) Hyperthermia
Microwave therapy Percutaneous (coagulation) Hyperthermia
Cryotherapy Laparotomy (coagulation) Hypothermia

Source: Adapted from D’Agostino and Solinas (112).
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cation dividing liver parenchyma into a left 
liver and a right liver, with each then being 
subdivided into sectors and segments. These
segments are based primarily on portal vein
subdivisions, their primary importance being in
their anatomic use during surgical planning and
resection.

Surgical resection continues to be the main-
stay of therapy in patients without cirrhosis. A
small solitary tumor is ideal for surgical resec-
tion. In such a setting absence of major vessel
invasion or absence of intrahepatic metastases
are factors affecting survival. Either a lobec-
tomy, segmentectomy, wedge resection, or other
type of resection is performed. Aggressive
surgery is in vogue in some centers. A tumor
thrombus in portal vein branches, hepatic veins,
inferior vena cava, or bile ducts is not a con-
traindication to resection. In Japan, 5-year sur-
vival for patients with stage I hepatocellular
carcinoma is about 70%, stage II is 50% and
stage III is 30%. With recurrence, repeat surgery
appears to prolong survival in some patients.

A small solitary tumor is ideal for surgical
resection. In such a setting the absence of major
vessel invasion or the absence of intrahepatic
metastases is a factor affecting survival.

In a cirrhotic liver, postoperative residual
liver function limits the extent of resection pos-
sible. Some surgeons are reluctant to perform 
a major hepatectomy in a setting of cirrhosis,
although in some patients a partial hepatectomy

in such a setting has a mortality rate close to
that in patients with a normal liver. A segmen-
tectomy is effective for small hepatocellular 
carcinomas and can be safely performed even 
in a setting of chronic liver disease. Never-
theless, postoperative hepatic decompensation
is a risk in cirrhotic patients, especially those
with an increased preoperative portal pressure,
and some surgeons restrict resection to pati-
ents without portal hypertension. Nevertheless,
highly extended resection for advanced hepato-
cellular carcinoma with portal vein tumor
thrombi is performed in some centers.

Preoperative portal vein embolization using a
percutaneous transhepatic approach is feasible.
Whether such embolization aids subsequent
resection is debatable.

Laparoscopic hepatic resection is feasible for
a hepatocellular carcinoma.

Extracorporeal resection has been tried in
patients with an otherwise inoperable liver
tumor. Whether ex-vivo MRI with its high
spatial resolution aids such resection is not
clear.

Transplantation

In a minority of patients transplantation is an
option for hepatocellular carcinomas, treating
both the carcinoma and any underlying liver
disease. Typical candidates are patients who
should be able to tolerate major surgery, should

Table 7.14. Segmental liver anatomy

Couinaud system English system

Dorsal sector: segment I Caudate lobe
Left liver Left lobe

Left paramedian sector
Segment IV Quadrate lobe: anterior medial segment
Segment III Lateral segment: anterior inferior subsegment

Left lateral sector—Segment II Lateral segment: posterior superior subsegment

Right liver Right lobe
Right paramedian sector

Segment V Anterior segment: anterior inferior subsegment
Segment VIII Anterior segment: anterior superior subsegment

Right lateral sector
Segment VI Posterior segment: inferior subsegment
Segment VII Posterior segment: superior subsegment
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have at most three tumors measuring <3 cm in
diameter, and should have no portal extension.
Transplantation rather than resection is consid-
ered for localized tumors in a cirrhotic liver
where a sizable resection risks liver failure.

Is surgical resection or transplantation pre-
ferred in a patient with cirrhosis and a hepato-
cellular carcinoma? Data from six French
medical universities reveal an overall similar 
5-year survival rate for cirrhotic patients with
hepatocellular carcinomas whether treated by
liver resection or transplantation (114): 31% for
the resection group and 32% for the transplan-
tation group. Among these patients the 5-year
survival rate without recurrence, however, was
higher in the transplantation group (60%) than
in the resection group (14%).

Chemoembolization

Intraarterial embolization techniques used to
treat hepatocellular carcinomas consist of
inert particle embolization, a variety of
embolic material containing chemotoxic agents
(chemoembolization), and injection of radio-
active particles (radioembolization). Of these,
chemoembolization has achieved the greatest
acceptance.

As minimally invasive outpatient therapy,
transarterial chemoembolization offers consid-
erable palliation for patients with unresectable
hepatocellular carcinomas. Undoubtedly in the
future such therapy will expand. Treatment
strategies adopted probably should depend on
size and tumor number. Thus percutaneous
ethanol injection appears superior for a single
small tumor, but intraarterial chemoemboliza-
tion is superior for more or larger tumors.

Chemoembolization consists of injecting a
mixture of a chemotoxic agent and also an
embolic material into a tumor feeding artery (a
procedure often called transcatheter arterial
chemoembolization, TACE). Ethiodol (Lipiodol)
is included as one of the chemoembolization
ingredients for several reasons: First, this oil
acts as a chemotherapeutic agent carrier.
Second, because of its relatively high viscosity,
it acts as a temporary embolizing agent and thus
prolongs chemotherapeutic agent contact with
a tumor. In addition, Ethiodol remains within
tumor neovascularity much longer than in 
adjacent normal liver parenchyma, at times for

up to 7 days (Fig. 7.35). Later, after injecting a
chemotherapeutic agent, if needed, emboliza-
tion of the vessel in question is performed using
particulate matter.

Although mostly supplied by hepatic artery
branches, an occasional parasitic blood supply
is detected with these tumors. Especially with 
a carcinoma located ventrally beneath the
diaphragm, internal mammary arteries and
inferior phrenic arteries serve as feeding arter-
ies. If necessary, Lipiodol embolization of one of
these arteries can be performed.

Temporary occlusion of a draining hepatic
vein may aid arterial infusion chemotherapy.
Such selective hepatic vein occlusion results in
a dense hepatogram, but this issue is contro-
versial, and some investigators believe that 
the occlusion causes unacceptable damage to
normal liver parenchyma.

Transarterial chemoembolization can be
repeated several times (called sequential
chemoembolization). Some data suggest that
such sequential therapy prolongs survival com-
pared with no therapy in those with an unre-
sectable carcinoma. At times a port system is
implanted as an aid for future hepatic artery
infusion chemotherapy. An infusion pump pro-
vides ready access for follow-up CT arteriogra-
phy or conventional arteriography.

The most common indication for chemo-
embolization is palliation. At times, reduction 
in tumor size allows resection or additional

Figure 7.35. CT shows residual Ethiodol retained in a multifo-
cal hepatocellular carcinoma. (Courtesy of Patrick Fultz, M.D.,
University of Rochester.)
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therapy, such as laser-induced thermotherapy
or percutaneous ethanol injection. Initial results
suggest that such a dual approach is more effec-
tive than chemoembolization alone, although
survival depended considerably on the extent 
of underlying liver disease. With a resectable
tumor, transcatheter arterial chemoemboliza-
tion during the postoperative period appears to
increase survival, but insufficient data are avail-
able on this subset of patients.

Portal vein thrombosis is considered a con-
traindication to transcatheter embolization,
although embolization has been performed in
patients with portal vein branch thrombosis.
Arteriovenous shunting, common with hepato-
cellular carcinomas, is generally considered a
contraindication to arterial chemoemboliza-
tion. At times arteriovenous shunting, mostly
arterioportal, develops during therapy. Other
risk factors include coagulation abnormalities,
severe portal or pulmonary hypertension,
esophageal varices prone to bleeding, poor 
cardiovascular status, and advanced cirrhosis.

A severe postembolization syndrome and
hepatic insufficiency are common complica-
tions; in general, predisposing factors—such as
major portal vein obstruction, compromised
hepatic reserve, biliary obstruction, excessive 
or nonselective iodized oil embolization—
are evident in most patients with major com-
plications. Other complications include 
those related to catheter placements, variceal
bleeding, and severe hyperglycemia. Rare 
complications include carcinoma rupture after
chemoembolization, adrenal hemorrhage, and
acute adrenal insufficiency and ischemic 
cholecystitis. Procedure-related deaths have
been reported. Tumor seeding along an
implantable access port in the hepatic artery has
developed.

Transcatheter arterial embolization affects
arterial and portal perfusion hemodynamics.
Arterial perfusion increases temporarily after
embolization, presumably due to acute
inflammation.

Biliary complications can be evaluated with
Tc-99m–HIDA. Postembolization scans reveal
that gallbladder filling time and contractility is
worse shortly after embolization. Also,
curiously, most survivors have gallbladder 
nonvisualization.

Transarterial chemoembolization is most
effective when a tumor is limited in size and

liver function is preserved. The response to
chemoembolization is poor with extensive
parenchymal invasion. Postprocedure survival
depends on underlying liver disease (Child’s
class), size and number of tumors, and patient
age. Patients with a predominantly hypervascu-
lar tumor respond better than those with a
hypovascular tumor (115).

Published survival results vary, and a com-
parison of different studies using different
selection criteria is difficult. Types of agents
employed together with their doses and admin-
istration rates also differ and presumably
influence results. In a typical study, among
patients responding to therapy, survival was
90%, 67%, and 36% at 1, 2, and 3 years, respec-
tively, while nonresponders (mostly with hypo-
vascular tumors) achieved 70%, 17%, and 10%
survival, respectively (115). Survival is better in
patients with smaller tumors. Tumor decrease in
size after arterial chemoembolization is of prog-
nostic significance. Nevertheless, not all results
are positive. Thus a multicenter randomized
trial of patients with unresectable hepatocellu-
lar carcinoma but without severe liver disease or
portal vein occlusion compared Lipiodol
chemoembolization (Lipiodol, cisplatin,
lecithin, and gelatin sponge injected into the
hepatic artery) plus tamoxifen versus tamoxifen
alone (116); although an objective response was
more frequent in the Lipiodol group (24%) than
in the tamoxifen group (5.5%), overall the two
groups showed no difference in survival at 1
year. In a study comparing hepatic artery infu-
sion chemotherapy versus transcatheter arterial
Lipiodol chemoembolization in patients with
advanced hepatocellular carcinomas, tumor
response rates were significantly higher in the
former group and these patients tended to have
longer survival rates (117).

Some tumors are difficult to evaluate with CT
after embolization due to retained iodized oil
artifacts. Nevertheless, that portion of tumor
retaining iodized oil after chemoembolization is
typically necrotic.

Both contrast-enhanced wide-band har-
monic gray-scale US and power Doppler US 
are used to detect tumor recurrence after
chemoembolization, achieving about 90% 
sensitivity and specificity. Tumor vascularity
detected by contrast enhanced harmonic wide-
band gray-scale US after arterial chemoem-
bolization usually implies residual tumor (118).
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Postgadolinium T1-weighted MRI is reliable
in evaluating chemoembolization outcome and
is more accurate than precontrast MRI. Loss 
of enhancement postgadolinium T1-weighted
images correlated with necrosis. On the other
hand, focal enhancement generally signifies
viable tumor.

Tc-99m-MAA SPECT angiography (hepatic
arterial flow study) provides an estimate of liver
vascularity and is another method of gauging
the success of arterial chemoembolization.

Radioembolization

Intrahepatic artery Tc-99m-MAA injection 
estimates the relative tumor-to–normal
parenchyma uptake of various size micro-
spheres, including those containing therapeutic
radiopharmaceutical agents. Theoretically,
intraarterial infusion of microspheres contain-
ing the beta-emitter yttrium 90 selectively 
delivers a high radiation dose to a malignant
hepatic tumor while mostly sparing adjacent
normal parenchyma. One problem is that 
hepatocellular carcinomas have a wide tumor-
to–normal parenchymal uptake ratio. Tumor
vascularity, as assessed by hepatic angiography,
does not predict the relative tumor-to–
normal parenchyma uptake for most of these
tumors.

Hepatocellular carcinomas have been
embolized with iodine-131 iodized oil (radioio-
dinated Lipiodol) and gelatin sponges through
a superselectively placed arterial catheter. Such
embolization has provided long-term palliation
without complications, but few conclusions can
be drawn from the limited number of patients
studied.

Yttrium-90 glass microspheres have also been
injected percutaneously into hepatocellular car-
cinomas, but this technique is controversial.

Percutaneous Techniques

Hepatocellular carcinomas can be treated using
a direct percutaneous approach. Such therapy
can be divided into two broad categories; first,
injection of chemical agents such as ethanol,
acetic acid, and hot saline induce tumor 
coagulation necrosis. Second, thermally medi-
ated techniques such as radiofrequency (RF)
ablation, laser photocoagulation, microwave

therapy, and cryotherapy result in similar tumor
cell death.

Imaging provides needle and catheter inser-
tion guidance. The introduction of open-bore
MR units and nonferromagnetic instru-
mentation should expand interventional MR
techniques.

Although comparisons of various percuta-
neous tumor ablation techniques are being pub-
lished, they should be viewed cautiously. Type of
tumor, tumor size and specific techniques used
influence results. Thus a conclusion that, say,
radiofrequency ablation achieves necrosis in
90% of tumors versus 80% with percutaneous
ethanol injection may not be valid at other 
institutions.

Ethanol Injection: Percutaneous ethanol
injection into unresectable hepatocellular carci-
nomas nodules has had wide international
application, especially in patients with underly-
ing cirrhosis, yet has been little used in the
United States. Results are mostly palliative and
in most patients tumors either recur or new
tumors develop. Therapy is repeated with tumor
recurrence, with the interval between successive
treatments decreasing. A solitary nodule,
pretreatment serum a-fetoprotein level <20 ng/
mL, and limited cirrhosis favor longer survival.
Severe complications of percutaneous ethanol
injection are uncommon.

Ethanol therapy is achieved by cell membrane
lysis and protein denaturation and through
necrosis of vascular endothelium leading to 
surrounding tissue ischemia and necrosis.
Absolute alcohol has a very low CT attenua-
tion and injected alcohol can be identified on
CT images. No blood flow is identified in
necrotic tumors, and they are avascular at color
Doppler US.

Using color Doppler US guidance, instead of
injecting directly into a tumor, ethanol can be
injected into a vessel supplying the tumor;
limited data are available for such a technique.

Positron emission tomography performed by
injecting carbon-11 ethanol via a percutaneous
needle reveals high C-11 uptake in these carci-
nomas; no significant elimination of C-11
ethanol is evident from these tumor.

Accurate tumor localization is, of course,
important. Some can be located with US. Others
require CT arteriography or arterial injection of
iodized oil and real-time CT fluoroscopy 
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during needle placement. Computed tomogra-
phy fluoroscopy permits rapid assessment of
needle position. Also, real-time CT fluoroscopy
reconstruction evaluates ethanol distribution
during injection, and the injected dose can then
be modified accordingly.

Study technical variables, such as accuracy of
needle placement, amount injected, and number
of sessions, influence survival and make 
comparison of published studies difficult. Also,
inhomogeneous drug distribution and dilution
limit therapeutic response. Survival results are
modified by tumor size and underlying liver
disease. In some studies of patients with a single
lesion <3 cm in diameter, the results of per-
cutaneous ethanol injection approach those
reported for resection.

Computed tomography performed shortly
after ethanol injection therapy reveals an
unchanged or even increased tumor diameter
with a well-defined margin; necrotic tissue
tends to be hypodense, while residual tumors
enhance during the arterial phase, gradually
becoming hypodense on later phases. These
changes are less pronounced after multiple
therapy sessions.

After ethanol injection, arterial phase con-
trast-enhanced MRI reveals increased contrast
enhancement adjacent to treated tumors,
presumably due to increased blood flow to 
surrounding tissues; similarly to US, early
tumor contrast enhancement implies residual
tumor.

Acetic Acid Injection: Percutaneous acetic
acid injection using acid concentrations of 15%
to 50% has been used for hepatocellular carci-
noma nodule therapy. The number of treatment
sessions needed is less with the higher concen-
trations, although even a 15% concentration
appears adequate to successfully treat tumors.
A single percutaneous injection into nodules
<3.0 cm in diameter has resulted in no local
recurrence of most nodules (119).

The 1-, 2-, and 3-year survival rates for
patients with hypervascular hepatocellular car-
cinomas <3 cm in diameter treated with percu-
taneous acetic acid injection were 100%, 94%,
and 83% (120); corresponding survival rates 
for those treated with transcatheter arterial
embolization were 72%, 65%, and 39%, respec-
tively. Local recurrence, as gauged by enlarge-
ment of original tumor, occurred in 3% of

tumors treated with acetic acid injection and
50% of those treated by transcatheter arterial
embolization.

Other Injection Techniques: Less often used 
is hot saline injection. Usually a larger 
volume of hot saline is injected than ethanol;
thus fewer treatment sessions are required.
Currently insufficient data exist to draw 
meaningful conclusions about such therapy
efficacy.

Computer tomography–guided percutaneous
intratumoral injection of a cisplatin/epineph-
rine gel (part of a clinical phase II study) in
eight patients with hepatocellular carcinomas
led to a local control rate of about 80% (121); a
similar technique in eight patients with metas-
tases achieved a control rate of only 38%.

Radiofrequency Coagulation: Radiofrequency
ablation, laser-induced photocoagulation, and
microwave therapy induce tumor thermal 
coagulation necrosis (thermotherapy). Radio-
frequency energy is applied via shielded needle
electrodes inserted into a tumor to deliver
sufficient energy to induce tumor necrosis. Per-
cutaneous needles are inserted under CT, US, or
MR control. Alternate approaches are laparo-
scopic or laparotomic, with each one having
advantages and disadvantages. Laparotomy is
especially useful for tumors close to other criti-
cal organs, such as the diaphragm. The extent of
ablation depends on needle tip size and energy
delivered. The greatest tissue heating occurs
closest to the needle tip, a disadvantage over-
come by the use of continuous needle tip
cooling, which results in tissue heating away
from the needle.

Typically several sessions are needed for
tumor ablation. Published nodule necrosis has
ranged from 50% to 85% of tumors; the most
sensitive sign of necrosis is lack of nodule 
contrast enhancement during follow-up arte-
rial-phase CT (Fig. 7.36), with contrast-
enhanced pulse inversion harmonic US and
contrast-enhanced power Doppler US being less
sensitive (122), although some studies suggest
that contrast-enhanced, phase-inversion har-
monic US is almost as accurate as CT in detect-
ing tumor necrosis (123). Doppler US reveals a
rich peripheral vascularity persisting even after
successful therapy.

At times radiofrequency ablation is combined
with intraarterial chemoembolization. The
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combination increases extent of coagulation
compared with use of radiofrequency alone
[124].

Tumor necrosis is identified as a hypointense
region on T2-weighted images and as a lack 
of enhancement on dynamic MR images.
Whether the reverse is true, namely, whether
residual hyperintensity on T2-weighted images
and postcontrast enhancement signify resid-
ual tumor, is unclear. Appearance of new nod-

ules signifies treatment failure, with new 
lesions often being more common than local
recurrence.

A multicenter survey of 1139 patients by 
the Korean Study Group of Radiofrequency 
Ablation found major complications in 2.4%,
with intrahepatic abscess being most common
(125); one procedure-related death occurred
due to peritoneal hemorrhage. Needle tract
tumor seeding was reported by several institu-

Figure 7.36. Radiofrequency ablation of hepatocellular carcinoma. A:
Pretherapy CT image of tumor. B: A hypodense lesion containing a hyper-
dense center is evident on an immediate post-therapy scan. C: Residual
changes are present 2 months later, but no enhancement is seen within
tumor site. (Courtesy of Fred T. Lee, M.D., University of Wisconsin.)

A

C
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tions. Whether heating surrounding tissue
during needle withdrawal decreases the risk of
tumor seeding remains to be established. Gas-
trointestinal perforation due to thermal damage
is a potentially lethal complication.

Contrast-enhanced arterialphase CT reveals
recurrence as a nodular, halo, or simply gross
nodule enlargement pattern (126). FDG-
PET/CT is also useful in evaluating therapy and
following these patients after therapy.

Radiofrequency ablation has a high success
rate in eliminating smaller tumors. It is effective
for recurrent cancers after a partial hepatec-
tomy. The major long term limitation to patient
survival is recurrence of new cancers in these
usually cirrhotic livers. Ablation can, however,
serve as a bridge to liver transplantation.

Photocoagulation: Interstitial laser photoco-
agulation is performed by passing modified
needles, under US, CT, or MR guidance, into a
tumor, inserting a fiberoptic probe, and then
heating the surrounding tissues using a high-
power output laser generator. A wide region of
necrosis is achieved with this technique. On-line
MR thermometry provides control during laser
ablation. Follow-up contrast-CT evaluates the
degree of tumor necrosis. In general, best results
are achieved with tumors <3 cm in diameter.

Using an open low field strength MR unit,
lesion conspicuity and ease of puncture plan-
ning were significantly improved when the liver-
specific contrast agent mangafodipir
(Mn-DPDP) was used (7).

A neodymium:yttrium-aluminum-garnet
(Nd:YAG) laser probe introduced with a percu-
taneously positioned laser application system
achieved tumor necrosis with a 5-mm safety
margin in 98% of 61 tumors (127); tumors up to
2 cm in diameter were treated with a single laser
application. The number of needles used during
therapy varies with tumor size; a single optical
fiber and a single needle insertion were used in
nodules < or = 2 cm, while two sessions with two
laser illuminations per session were used for
nodules >4 cm.

Percutaneous laser photocoagulation can be
combined with other therapy, such as arterial
chemoembolization; the practical advantages of
such therapy are yet to be established.

Microwave Coagulation: Microwave coagula-
tion therapy requires insertion of probes 
that act as antennae for externally applied
microwave energy. One or more electrode is

inserted into a tumor and the resultant heating
leads to tumor coagulation necrosis. This tech-
nique is performed both via laparotomy and
percutaneously. Superficially located hepatocel-
lular carcinoma nodules appear most amenable
to microwave therapy. Preliminary results,
mostly from the Far East, appear encouraging
(128).

Computer tomography shortly after micro-
wave coagulation therapy identifies peripheral
enhancement, which gradually disappears.

After microwave coagulation, MRI reveals
tumors becoming more hypointense and het-
erogeneous on T1-weighted images and sur-
rounded by a hyperintense rim on T2-weighted
images, which enhances postgadolinium.
This enhancing rim represents granulation
tissue and hyperperfusing surrounding liver
parenchyma. Lack of CT and MR contrast
enhancement within the tumor and lack of flow
signals on Doppler US imply tumor necrosis.

Complications of this technique include
intratumoral hemorrhage, pleural effusion,
ascites, abscess, subcapsular hematoma, portal
vein thrombosis, and tumor dissemination.

Cryoablation: Cryoablation therapy, also
called cryosurgery and cryotherapy, destroys
tumor tissue by freezing and is used to treat
both primary and metastatic tumors. Cryoabla-
tion appears to have a role in patients with mul-
tiple or advanced tumors deemed unresectable,
as an adjunct to surgical resection and in
patients with recurrent tumors. The size of
induced freezing can be controlled, and thus
precise control is feasible. Previously the rela-
tively large size of available cryoablation probes
necessitated at least a laparoscopic approach.
Smaller probes are becoming available, and a
percutaneous approach using imaging guidance
is feasible. Liquid nitrogen is the freezing
medium, although argon gas using less bulky
equipment is also available.

Freezing causes ice crystals to form in tissue
close to the cryoprobe. Cell death results from
subsequent thawing and cell membrane rup-
ture. Ice forms in small blood vessels slightly
further from the probe and results in cell
hypoxia.

Cryoablation is feasible on lesions adjacent to
major blood vessels because flowing blood pro-
tects these vessels from freezing. On the other
hand, a tumor edge may be incompletely frozen
if the tumor abuts a blood vessel and temporary



380

ADVANCED IMAGING OF THE ABDOMEN

interruption of blood flow through the vessel
involved may be necessary. Cryoablation of
tumors close to major bile ducts is avoided; duct
wall necrosis and bile leakage are potential com-
plications. Likewise, tumors close to the liver
surface are preferentially resected rather than
frozen.

Coagulation abnormalities are common after
cryoablation. Over half of patients develop a
reduction in platelets >50%. Possible hypother-
mia is a complication with prolonged therapy.
Bleeding, at times massive, is believed to be 
due to parenchymal fragmentation secondary to
freezing. A syndrome of multiorgan failure,
severe coagulopathy, and disseminated intravas-
cular coagulation has been described, called
cryoshock phenomenon. A survey of centers
performing hepatic cryoablation identified
cryoshock in 1% of over 2000 patients, and
cryoshock was believed to be responsible for
some perioperative deaths (129). The procedure
is not innocuous.

Intraoperative US reveals the ice ball to be
hyperechoic with posterior shadowing, thus
permitting control of the size of the frozen
tissue. Ultrasonography shortly after freezing
reveals a hypoechoic center surrounded by a
hyperechoic rim, representing the interface
between frozen and unfrozen tissues.

Computer tomography, US, or MRI monitors
results of cryoablation. Probes and equipment
designed to work with MRI should aid 
follow-up.

Follow-Up

Patient survival after initial tumor detection
varies considerably; serum creatinine, alkaline
phosphatase, and Okuda’s stage are independent
predictors of survival. Serum a-fetoprotein is 
of limited value in detecting early recurrence
posthepatectomy.

Liver scintigraphy appears to have a role in
detecting recurrence. Shortly after nonsurgical
therapy, however, scintigraphy reveals wider
tracer uptake than the actual tumor.

Recurrent tumors have been treated by
carbon dioxide-enhanced US guided percuta-
neous ethanol injection, achieving cumulative
patient survival rates of 81%, 71% and 44% for
1, 2 and 3 years, respectively (130).

Regression

An occasional hepatocellular carcinoma
regresses spontaneously, a phenomenon gener-
ally associated with tumor necrosis.

Fibrolamellar Hepatocellular Carcinoma

A distinct variant is a fibrolamellar hepatocellu-
lar carcinoma. Developing in adolescents and
young adults, usually it is not associated with
underlying liver disease. These often large, soli-
tary cancers tend to be well differentiated and
have a good prognosis if completely resected,
yet a number have already spread when first
detected, with metastatic lymphadenopathy
being not uncommon. In 31 patients with fibro-
lamellar hepatocellular carcinoma, 81% had a
solitary tumor, 42% developed intrahepatic
biliary obstruction, 87% had portal or hepatic
vein invasion, extrahepatic grown was present
in 42%, distant metastases were evident in 
29%, and lymphadenopathy identified in 65%
(131).

Serum a-fetoprotein levels tend to be normal
in these patients. Transforming growth factor-b
(TGF-b) is a pluripotent regulatory molecule
present in liver but not in hepatocytes. It
induces fibrosis in a number of diseases. An
inverse correlation exists between TGF-b and
serum a-fetoprotein levels. Although TGF-b
is detected in a minority of hepatocellular 
carcinoma cells, it is present in a majority of
fibrolamellar hepatocellular carcinomas. Never-
theless, the place of TGF-b in evaluating hepa-
tocellular carcinomas is still unclear. TGF-b
levels decrease after successful therapy.

Computed tomography shows a well-
marginated, solid tumor with more uniform
contrast enhancement than seen with con-
ventional hepatocellular carcinomas. Some
fibrolamellar carcinomas contain small, punc-
tate calcifications. Central fibrosis (scar) is
common, but hemorrhage and necrosis are
uncommon. Arterial-phase images reveal het-
erogeneous enhancement with regions of
hypervascularity.

Magnetic resonance imaging reveals a het-
erogeneous focal tumor that is hypointense on
T1- and hyperintense on T2-weighted images.
Intense, heterogeneous immediate postcontrast
enhancement is common with these tumors
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(Fig. 7.37). A central fibrous radiating scar is
hypointense on both T1- and T2-weighted
images, in distinction to the central scar of focal
nodular hyperplasia, which is characteristically
hyperintense on T2-weighted images. Also,
fibrolamellar carcinoma scars are more promi-
nent and often extend to the tumor periphery,
findings not seen with FNH. The central scar
enhances on delayed images in some tumors.
Nevertheless, some fibrolamellar carcinomas
mimic focal nodular hyperplasia.

Exceptions do occur. Some of these tumors
are homogeneously hypointense on T1- and
hyperintense on T2-weighted images with the
central scar being markedly hyperintense on
T2-weighted images, findings at variance from
most fibrolamellar carcinomas.

Angiography shows these tumors to be
hypervascular and contain numerous septa.

A more aggressive surgical approach than
with a similar more conventional hepatocellular
carcinoma appears reasonable with these
tumors; even vascular reconstruction is 
justified.

Hepatocellular Carcinoma with 
Sarcomatous Changes

An occasional hepatocellular carcinoma con-
tains a sarcomatous component, suggesting 
differentiation along both epithelial and 
mesenchymal lineages. Chondrosarcomatous
differentiation and even a combination of chon-
drosarcomatous and osteosarcomatous compo-
nents have developed, although in some of these
tumors osteoclast-like giant cells probably are
reactive and not neoplastic.

The diagnosis is usually made after resection.
These tumors have a poor prognosis.

Some are multiple, suggesting intrahepatic
metastases.

Biopsy results vary, depending on the site
chosen for biopsy.

Combined Hepatocellular 
and Cholangiocarcinomas

Rare single tumors contain components of both
hepatocellular carcinoma and cholangiocellular
carcinoma. The original cell type is often con-
jecture. Some of these tumors presumably have
one of two origins—either a double cancer or a
stem cell origin, with the latter representing an
intermediate type between a hepatocellular and
a cholangiocarcinoma. Complicating the picture
is that both a hepatocellular and a cholangio-
cellular carcinoma have occurred synchro-
nously or metachronously independent of each
other within the same liver; the lack of direct
tumor contact, no histologic transition, and 
different immunohistochemical characteristics
suggest separate histogenesis.

These combined tumors have one of two CT
appearances: Those grossly resembling a 
hepatocellular carcinoma show early contrast
enhancement and become hypodense during
the portal venous phase, while those grossly
resembling a cholangiocarcinoma reveal early
peripheral contrast enhancement and contain
heterogeneous hypodense regions or only
central enhancement during the portal venous
phase.

Adenosquamous/Squamous Carcinoma

A primary squamous liver carcinoma is rare and
the is pathogenesis unknown. One hypothesis is

Figure 7.37. T2–weighted MRI identifies a fibrolamellar carci-
noma as a slightly hyperintense right lobe tumor (arrow). It was
almost isointense on T1-weighted images (not shown). (Source:
Burgener FA, Meyers SP, Tan RK, Zaunbauer W. Differential Diag-
nosis in Magnetic Resonance Imaging. Stuttgart: Thieme, 2002,
with permission.)
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that the squamous cell component originates
from a metaplastic transformation of adenocar-
cinoma cells. A number of these tumors develop
in a setting of chronic infection or bile stasis.An
occasional one presents as a liver abscess.

These tumors exhibit an aggressive growth
pattern with early local and distant spread.

Lymphoma

Primary

Primary hepatic lymphomas are rare and their
diagnosis difficult. The occasional association
with hepatitis C virus has already been men-
tioned. Most of these tumors are non-Hodgkin’s
T-cell lymphomas. In distinction to secondary
liver lymphomas, these usually present as a 
discrete tumor. Less common are primary 
low-grade B-cell mucosa-associated lymphoid
tissue (MALT) lymphomas, which often consist
of a dense portal tract lymphoid infiltrate mim-
icking hepatitis or a bile duct inflammatory
condition.

These homogeneous lesions appear either
anechoic or hypoechoic with US and mimic a

cyst, although unlike a cyst they lack through-
transmission. Some are surrounded by a halo.
They tend to increase in size rapidly, with tumor
volume doubling time being measured in days.

Most primary liver lymphomas are hypoin-
tense on T1- and hyperintense on T2-weighted
images. They show heterogeneous postcontrast
enhancement.

Secondary

Non-Hodgkin’s lymphoma is more often focal
than Hodgkin’s lymphoma. Some secondary
liver lymphomas infiltrate diffusely and lead to
acute liver failure. Imaging tends to underdetect
liver involvement. Calcifications develop in
some tumors. Portal and periportal intrahepatic
infiltrates compress adjacent bile ducts and are
a cause of jaundice (Fig. 7.38).

Secondary lymphomas typically are
hypointense on T1- and hypo- to hyperintense
on T2-weighted images. Postcontrast enhance-
ment varies considerably; tumors that are mod-
erately hyperintense on T2-weighted images
tend toward intense enhancement during early
postgadolinium images, while those mildly

Figure 7.38. Jaundice due to liver non-Hodgkin’s lymphoma. A: A cholangiogram reveals a biliary drainage catheter in place 
and numerous narrowed intrahepatic bile duct segments. B: A contrast-enhanced CT image shows several focal hypodense tumors.
Other images identified intrahepatic tumor tracking along portal vessels. (Courtesy of Patrick Fultz, M.D., University of Rochester.)
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hypo- to mildly hyperintense on T2-weighted
images show only minimal early postgadolin-
ium enhancement. Not uncommonly, immedi-
ate postcontrast images reveal a perilesional or
peripheral enhancement.

Use of phosphorus MR spectra from P-31 MR
spectroscopy appears potentially useful in 
evaluating liver involvement with lymphoma.

Most patent portal vein branches within a
tumor detected by imaging imply a benign
lesion, the exceptions being intrahepatic
cholangiocarcinoma and lymphoma; even 
with periportal lymphomatous infiltration, not
uncommonly patent portal vein branches are
evident. Nevertheless, some primary liver lym-
phomas do invade the portal vein and result in
tumor thrombi.

Leukemia

Leukemic infiltration of the liver ranges from
focal to diffuse. At times a chronic lymphocytic
leukemia transforms into a high-grade lym-
phoma. Some infiltrates surround portal vessels.

Hepatoblastoma

Clinical

A hepatoblastoma is the most common primary
liver neoplasm in children under 3 years. These
tumors occur throughout the pediatric age
range, with only a rare one encountered in an
adult. A male predominance is evident. It occurs
in siblings. Prevalence is increased in Beckwith-
Wiedemann syndrome and in hemihypertro-
phy. In some patients prior maternal exposure
to certain drugs and chemicals appears to play
a role.

A common presentation in young children is
an asymptomatic abdominal mass. A large liver
tumor is typical in adults. These tumors
produce a number of hormones and some
patients develop hypoglycemia, hypercalcemia,
polycythemia, and precocious puberty in males.
Most of these tumors are associated with an 
elevated serum a-fetoprotein level, which aids
in distinguishing them from other, similar-
appearing benign tumors.

This tumor probably originates from embry-
onal hepatic tissue and usually consists of
epithelial cells or, less often, a mixture of epithe-
lial and mesenchymal cells. The latter occasion-

ally contains differentiated cells, such as osteoid
that calcifies. These tumors readily metastasize.
One of the roles of imaging is to detect metas-
tases and determine resectability. Recurrence
after therapy, including other organ involve-
ment, is common in adults.

Imaging

A hepatoblastoma detected in an adult has no
specific defining imaging findings. In children,
from an imaging viewpoint a hepatoblastoma is
similar in appearance to a hepatocellular car-
cinoma (Fig. 7.39). It readily invades adjacent
vessels. When extensive, a hepatoblastoma
involves almost the entire liver. Some contain
both cystic and solid components. Necrosis and
calcifications develop in some. An occasional
one contains ossified tissue.

Precontrast CT reveals a hypodense 
mass. Variable contrast enhancement is seen 
postcontrast.

A typical US pattern is a hyperechoic lesion
with poorly defined margins. The degree of
echogenicity reflects hemorrhage and necrosis
within the tumor.

Similarly to many other liver tumors, a 
hepatoblastoma is hypointense on T1- and
hyperintense on T2-weighted MRI, although

Figure 7.39. Hepatoblastoma with pulmonary metastases in a
2-year-old girl.The tumor was discovered incidentally. Contrast-
enhanced CT reveals a large slightly enhancing tumor (arrows)
containing central necrosis and calcifications.(Courtesy of Luann
Teschmacher, M.D., University of Rochester.)
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considerable heterogeneity is often evident.
Magnetic resonance, especially 3D MRA, is
useful in defining vascular invasion prior to
partial hepatectomy.

Angiography reveals a hypervascular tumor
containing neovascularity.

Occasionally a hepatoblastoma shows uptake
of sulfur colloid; a hepatoblastoma, however,
does not have uptake of both Tc-99m–sulfur
colloid and HIDA, thus differentiating these
tumors from focal nodular hyperplasia.

Sarcoma

Almost any type of sarcoma can develop in 
the liver, including a rare primary liver 
osteosarcoma.

Angiosarcoma

Hepatic angiosarcomas are rare, yet still are 
the most frequent primary mesenchymal liver
tumor. Most develop in elderly men and most
have a very poor prognosis. Metastasis is
common, with survival measured in months.

A distinct association exists with prior expo-
sure to certain chemical carcinogens, such as
thorium dioxide (Thorotrast), vinyl chloride,
arsenic salt therapy, cyclophosphamide treat-
ment, and anabolic steroids. Many of these
tumors, however, develop with no known 
predisposing factors. An angiosarcoma can be
associated with disseminated intravascular
coagulopathy.

Most angiosarcomas consist of multifocal but
well-marginated nodules throughout the liver,
seen with precontrast CT as hypodense tumors.
Commonly superimposed hemorrhage modi-
fies their imaging appearance considerably.
Some display hypointense central regions on
T2-weighted images and postcontrast periph-
eral nodular enhancement, and superficially
mimic a hemangioma, but central hemorrhage
is common and their heterogeneous, asymmet-
rical enhancement usually allows differentia-
tion between these entities. Occasional massive
tumor invasion is not detected by CT or US but
is identified by MRI.

Not uncommonly, angiosarcomas are
hypointense on T1- and markedly hyperintense
on T2-weighted images, with hypointense septa
identified on T2-weighted images; the over-

all appearance can mimic a cavernous 
hemangioma.

These tumors decrease in size after chemo-
therapy, gradually becoming isointense to liver
and enhancing negligibly postcontrast.

Fibrosarcoma

Fibrosarcomas and its benign counterpart are
rare in the liver. Solitary fibrous liver tumor in
three patients, two benign and one malignant,
presented as well-marginated, heterogeneously
enhancing tumors (132).

Leiomyosarcoma

A primary hepatic leiomyoma or leiomyosar-
coma is uncommon. Some of these patients 
have had another previous malignancy, and a
genetic predisposition to neoplasms is postu-
lated. Some leiomyosarcomas originate in the 
adjacent ligamentum teres. Most metastatic
leiomyosarcomas are from the gastrointestinal
tract, with an occasional one being from the
uterus, vena cava, or other extraperitoneal
structures.

Most patients present with right upper quad-
rant pain and hepatomegaly.

Imaging shows similar findings for both
primary and metastatic tumors. A large, irregu-
lar tumor is common. Computed tomography
appearance ranges from homogeneous with
little enhancement to heterogeneous and
peripheral enhancement. Some contain cystic
regions. Heterogeneous contrast enhancement
is common, with enhancement ranging from
central to peripheral. An internal low-density
region suggests fluid.

Most of these tumors are homogeneous and
hypointense on T1-weighted MR images, while
T2-weighted images reveal most to be sharply
outlined, homogeneous, and markedly hyper-
intense, mimicking a hemangioma; metastases
heterogeneous on T1- or T2-weighted images
typically contain varying degrees of necrosis
and hemorrhage (Fig. 7.40).

Percutaneous biopsy should be diagnostic of
a leiomyosarcoma.

Histiocytoma

Although not uncommon in extremity soft
tissues, primary malignant liver fibrous histio-



385

LIVER

cytoma is extremely rare. These tumors present
with a palpable mass or simply with an enlarg-
ing liver. Most are large at initial presentation.
Some contain calcifications.

These are poorly marginated tumors showing
inhomogeneous contrast-enhancement. Their
differential diagnosis includes hepatocellular
carcinoma, angiosarcoma, and a hypervascular
metastasis.

Undifferentiated Carcinoma/Sarcoma

Undifferentiated Embryonal Cell
Carcinoma/Sarcoma

Also called mesenchymal sarcoma, undifferenti-
ated sarcoma, and malignant mesenchymoma,
an undifferentiated embryonal cell carcinoma is
a rare, highly malignant tumor found mostly in
older children and young adults. These tumors
grow rapidly, patients have few symptoms, and
often the first sign is an abdominal tumor.

These tumors are unique in that they are
mostly solid, yet imaging often suggests the
presence of a cystic component—an appearance
secondary to their high water content within a
myxoid stroma (Fig. 7.41). Superimposed hem-
orrhage and necrosis are common. Internal
calcifications and a surrounding fibrous capsule
are evident in some. Imaging identifies a well-
encapsulated multilocular, often heterogeneous
tumor. Some have peripheral contrast enhance-
ment of a fibrous rim, with the rim being

hypointense on both T1- and T2-weighted MR
images.

Some appear solid at US but more cystic 
at CT and MRI, a finding useful in suggesting
the diagnosis. T1-weighted MRI reveals a hypo-
intense tumor, modified by scattered high signal
intensities from hemorrhage, while T2-weighted
MRI shows them to be mostly hyperintense.
Heterogeneous, irregular enhancement, often

Figure 7.40. Metastatic leiomyosarcoma. A T1-weighted MRI (A) reveals multiple hypointense and a T2-weighted image (B) reveals
hyperintense tumors. The patient had a primary sarcoma resected about 10 years previously. (Courtesy of Patrick Fultz, M.D., Univer-
sity of Rochester.)
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Figure 7.41. Undifferentiated embryonal sarcoma. Contrast-
enhanced CT reveals a liver cyst-like tumor with a fluid–fluid
level.These are mostly solid tumors, but due to their high water
content CT often shows them to be of almost water density.
(Courtesy of Luann Teschmacher, M.D., University of Rochester.)
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more peripheral in location, is evident on post-
contrast images.

Some of these tumors are initially misdiag-
nosed as hepatobiliary cysts, with a correct
diagnosis made only after recurrence.

Undifferentiated (Rhabdoid) Tumor

A rare undifferentiated malignant primary liver
tumor containing rhabdoid features develops in
infants. Superficially, tumor cells resemble cells
of muscle origin. Some contain neuroepithelial
differentiation. The a-fetoprotein level is
normal or only slightly elevated.

Metastases

Clinical

In a patient with a known nonhepatic cancer,
what is the risk of a small hepatic tumor, dis-
covered by CT, being a metastasis? A study of
almost 3000 patients with cancer found small
hepatic tumors (1 cm or less in diameter or too
small to characterize by CT) in 13%, among
these tumors interval growth was identified in
12% of patients and these tumors presumably
represent metastasis (133); further analysis
revealed that small hepatic tumors were
metastatic in 4% of patients with lymphoma,
14% of those with colorectal carcinoma, and
22% of breast cancer patients.

Patients undergoing systemic chemotherapy
for breast cancer metastatic to the liver develop
an appearance similar to cirrhosis. Computed
tomography reveals liver capsule retraction, an
irregular lobular margin, segmental volume
loss, and caudate lobe enlargement, a finding
also seen in cirrhosis; retraction occurs at sites
of metastases. Pathologic findings suggest
regenerative nodules. An indented capsule and
fibrous septa can extend into liver parenchyma,
an appearance presumably due to chemother-
apy-induced tumor regression followed by
healing and scar formation. The overall appear-
ance has been called hepar lobatum, a term of
old used to describe liver syphilis.

Septicemia is a recognized presentation of
an occult malignancy, especially a colorectal
cancer. Likewise, some colorectal cancer liver
metastases become infected and the patient
presents with a liver abscess. Whether some
anaerobic bacteria tend to grow selectively in

tumor nodules rather than normal liver
parenchyma is conjecture.

A solitary liver tumor detected synchro-
nously with a gastric cancer is usually presumed
to be a metastatic focus. In high-risk regions,
such as East Asia, a concomitant hepatocellular
carcinoma should also be considered in the dif-
ferential diagnosis.

Detection

Most metastases have a nodular appearance and
are sharply demarcated from adjacent liver
parenchyma, at times by inflammation or
fibrosis; diffuse tumor infiltration, as occasion-
ally seen with primary liver carcinomas and
leukemia, is unusual; extensive intrahepatic
obstruction of lymphatic flow by metastases is
seen on postcontrast CT as hypodense regions
throughout the liver.

Calcifications develop in metastatic well-
differentiated mucinous adenocarcinomas.
Occasionally visible with conventional radiog-
raphy, CT reveals them as fine, speckled
calcifications. They are echogenic and have pos-
terior shadowing with US.

Division between hypo- and hypervascular
metastases (Table 7.15) is not absolute, and
overlap occurs. Thus an occasional hypovascu-
lar lymphoma and hepatocellular carcinoma
and an occasional isovascular metastasis are
encountered. Breast carcinomas, in particular,
although usually somewhat hypervascular,
exhibit a wide range of imaging appearances.
Some liver metastases, especially neuroen-
docrine and ovarian tumors, have a cystic com-
ponent (Fig. 7.42).

Table 7.15. Vascular appearance of liver metastases

Hypovascular Hypervascular

Colon adenocarcinoma Renal cell carcinoma
Pancreatic Neuroendocrine 

adenocarcinoma neoplasms
Gastric adenocarcinoma Islet cell carcinoma
Transitional cell Carcinoid

carcinoma Malignant 
pheochromocytoma

Thyroid carcinoma
Some sarcomas
Malignant melanoma
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Comparison Studies

A number of imaging comparison studies are
difficult to place in perspective because they
contain an unknown number of false positive
foci. In general, combining contrast enhanced
CT, US and MRI allows detection of false posi-
tive tumors and distinguishing them from
metastases.

A number of earlier studies concluded that
MRI is superior to CT in detecting liver 
metastases. In particular, early postcontrast
breath-hold T1-weighted and T2-weighted 
fat-suppressed images are very useful. Whether
the introduction of multislice CT has changed
these conclusions is not yet clear.

Pulse inversion harmonic US using a contrast
agent identifies a similar number of metastases
as helical CT (134); it detects more and smaller
metastases than conventional US. In one study
pulse inversion harmonic US detected 90% of
metastases found on ferumoxides-enhanced
MRI (135).

CT arterial portography and MRI (including
arterial dominant phase, gadolinium-enhanced
and spoiled gradient-echo imaging) appear
similar in metastasis detection (136). Earlier
studies had suggested that SPIO-enhanced MR
sensitivity for metastases detection was inferior
to CT arterial portography, but more recent
studies show these two techniques to be similar
in accuracy.

Imaging Techniques

In the United States, Canada, and parts of
Europe, CT is the preferred screening modality
for suspected liver metastases. In some regions
US is more often performed. For hypovascular
hepatic metastases, unenhanced helical CT
detected 66%, arterial-dominant phase CT 74%
and portal-dominant phase CT 92% of focal
tumors (137); portal phase imaging depicted
significantly more of these tumors than did the
other two phases. Whether all three phases need
be obtained for suspected hypovascular metas-
tases continues to be debated. MRI, especially
using various contrast agents, continues to gain
ground.

Liver metastases range from hypoechoic to
hyperechoic. In general, tumor echogenicity is
related to tumor vascularity. Thus the more vas-
cular metastatic neuroendocrine tumors tend to
be hyperechoic, while less vascular metastases
are more hypoechoic. No Doppler signal is
observed in avascular or necrotic metastases.

Contrast-enhanced harmonic US modifies
the late-phase appearance of liver parenchyma.
Thus with pulse inversion harmonic US normal
liver parenchyma appears hyperechoic relative
to focal metastases (Fig. 7.43). Compared to
unenhanced US, a contrast agent increases
metastases detection sensitivity and specificity
by improving metastases conspicuity. Some
metastases develop a rim-like enhancement
after contrast injection.

Intraoperative US is an accurate tool for
detecting unsuspected metastases and is used as
an aid for intraoperative biopsies and when
resecting metastatic foci. Nevertheless, com-
pared to eventual pathological study, even 
intraoperative US detects only about 80% of
metastases. Laparoscopic US also identifies
biopsy sites.

Precontrast MRI reveals most hypovascular
metastases to be hypointense on T1- and isoin-
tense to slightly hyperintense on T2-weighted
images, findings similar to many other liver
lesions. Most metastases are poorly marginated.
Nevertheless, considerable variability in 
appearance exists. A hyperintense T1-weighted
image is seen with hemorrhage. Mucin-
containing tumors also tend toward a hyperin-
tense signal on T1-weighted images. Tumor
necrosis leads to a hypointense center on T2-
weighted images. Suggesting a metastasis is a

Figure 7.42. Multiple cystic liver metastases from a cystic 
pancreatic acinar carcinoma.
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heterogeneous signal intensity, an irregular
margin, or a surrounding high signal intensity
ring (halo). This is in distinction to heman-
giomas and cysts, which tend to be more homo-
geneous, contain well-defined margins, and
have a very high signal intensity on T2-weighted
images.

Most studies suggest that gadolinium-
enhanced MRI detects more metastases than
unenhanced MRI. Most hypovascular metas-
tases are best defined on portal venous phase
imaging when maximum enhancement of
normal liver parenchyma occurs. On immediate
postcontrast images these metastases tend to
mimic cysts, but delayed views reveal gradual
contrast enhancement and an apparent de-
crease in tumor size, findings not evident with
cysts.

Most metastases have a marked increase 
in lesion-to-liver contrast on ferumoxides-
enhanced T2-weighted images (81) and this
technique detects more metastatic nodules than
nonenhanced MR. Similarly, mangafodipir

enhanced MR also detects metastases. Never-
theless, compared to eventual pathological
study, even contrast enhanced MRI misses some
tumors. Pre- and serial postcontrast images
provide most information.

The role of MR arterial portography is still
evolving. Preliminary results using a turbo
FLASH MR technique suggest that tumors >10
mm can be detected.

Somatostatin-receptor scintigraphy is useful
for suspected endocrine metastases.

Fluoro-deoxy-D-glucose (FDG)-PET is 
evolving into a viable imaging modality for
detecting liver metastases. Both adenocarcino-
mas and sarcomas reveal increased uptake.
Preliminary evidence suggests that it rivals 
CT in accuracy. One should keep in mind,
however, that increased uptake also occurs in
some abscesses.

Radioimmunoscintigraphy with Tc-99m–
labeled anti-CEA monoclonal antibody reveals
uptake in some liver metastases. This study
appears most useful with a rising CEA level.

Figure 7.43. Metastatic pancreatic carcinoma. A: Transverse
pulse-inversion harmonic US reveals multiple tumors with varying
echogenicity. B: Similar contrast-enhanced US 27 seconds after
contrast injection reveals an initial rim enhancement (arrows),
with tumors becoming hypoechoic 55 seconds after injection (C).
(Source: Kim TK, Choi BI, Han JK, Hong HS, Park SH, Moon SG.
Hepatic tumors: contrast agent-enhancement patterns with
pulse-inversion harmonic US. Radiology 2000;216:411–417, with
permission from the Radiological Society of North America.)
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Rim Enhancement

Metastases reveal varying postcontrast perile-
sional (rim) enhancement, best seen during the
arterial phase. Some tumors compress adjacent
liver parenchyma and a thick tumor border 
represents surrounding inflammation, desmo-
plastic reaction, small vessel proliferation, and
eventual atrophy, although this finding explains
perilesional enhancement only partly. In some
tumors rim enhancement represents viable
tumor surrounding a necrotic center. Aside
from an abscess and an occasional hepatocellu-
lar carcinoma, few other common conditions
have a similar appearance. Peripheral enhance-
ment is also seen with cavernous hemangiomas,
but their enhancement is more irregular and
nodular in appearance.

Ultrasonography of some metastases reveals
a hypoechoic halo or doughnut appearance,
with the hypoechoic rim representing prolifer-
ating tumor cells rather than surrounding
inflammation.

Similar to CT, during arterial-phase MRI,
some larger hypovascular metastases reveal a
peripheral enhancing rim; this enhancement
gradually extends centrally, and the overall
appearance superficially mimics a heman-
gioma. These metastases are poorly identified
on capillary phase imaging. An occasional
metastasis has a hypointense rim on delayed
postgadolinium MRI, called the peripheral
washout sign, described as being specific for a
malignancy.

Hypovascular Metastases

Size of colorectal carcinoma metastases differ
on precontrast and postcontrast CT images.
Thus during tumor follow-up not only the same
modality but also a similar technique should be
employed.

About a third of colorectal metastases <1 cm
in diameter enhance homogeneously. Larger
ones tend to develop a cauliflower-like appear-
ance and CT arteriography often detects rim
enhancement. Most metastases are detected
with portal-phase imaging, but arterial-phase
imaging does increase tumor conspicuity and
diagnostic confidence. Postcontrast CT
identified 85% of tumors found at resection in
patients with liver metastases from colorectal
cancer and is useful in selecting patients for
resection (138); false-positive findings included

hemangiomas, hemorrhage, periportal fibrosis,
and even normal parenchyma.

Computed tomography arterial portography
is more sensitive than biphasic CT or US in
detecting metastatic colorectal cancer, espe-
cially for lesions <10 mm in diameter. Sensitivi-
ties of colorectal cancer metastases detection
for CT arterial portography, CT hepatic arteri-
ography, and both procedures combined were
80%, 83%, and 87%, respectively (139); com-
bined CT arterial portography and CT hepatic
arteriography significantly improved metas-
tases detectability, and the authors recommend
both procedures for pretherapy evaluation. A
practical limitation of CT arterial portography
is a high false-positive rate due to perfusion
anomalies and the presence of nonneoplastic
hypervascular tumors. Computed tomography
arterial portography also tends to overestimate
tumor size.

In patients with known colorectal metastases,
Regardless of tumor size, the accuracy of
SPIO-enhanced T2-weighted sequences is
significantly greater than with precontrast
sequences (140). Also, SPIO-enhanced MR sen-
sitivity appears to be greater than with contrast-
enhanced CT.

In patients treated for colorectal cancer and
suspected of harboring a recurrence, a number
of studies have confirmed the superiority of
FDG-PET imaging over CT; FDG-PET detects
more unsuspected metastases.

Bone scintigraphy with Tc-99m–hydrox-
ymethylene diphosphonate (HMDP) occasion-
ally reveals ring-like tracer activity around a
liver metastasis from colon carcinoma. The
reason for such extraosseous radionuclide accu-
mulation is not known.

An occasional colorectal carcinoma exhibits
somatostatin receptors. The somatostatin 
analogue octreotide used to treat neuroen-
docrine tumors might be useful in this sub-
group of cancers, yet little data exists on this
topic.

In women with known or suspected liver
metastases from breast cancer, prospectively
evaluated with triple phase (precontrast, arterial
phase, and portal venous phase) CT, portal
venous phase is most accurate, and the routine
use of precontrast and arterial phases does not
appear warranted when the clinical question is
simply the presence or absence of liver metas-
tases (141).
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Computed tomography and MRI detect liver
metastases from cystic ovarian carcinomas
either as cystic or solid tumors; as expected, the
cystic components are hypodense on CT and
hypointense on T1-weighted imaging and thus
mimic other cystic tumors, but solid compo-
nents show early peripheral globular enhance-
ment and delayed central enhancement both on
CT and MR imaging (142).

Hypervascular Metastases

Hypervascular metastases tend to be hyper-
intense on T2-weighted images. They are best
identified on early arterial-phase postcontrast
MRI when they are hyperintense to normal 
liver parenchyma. They reveal an immediate
postcontrast peripheral enhancement, which 
gradually extends centripetally, followed by
peripheral washout. Some are heterogeneous
and some show an inconstant tumor blush.
Small hypervascular metastases tend toward
initial homogeneous enhancement, similar to
hemangiomas, and then gradually become
isointense. In general, on delayed images these
metastases tend to wash out earlier than heman-
giomas, although especially with smaller hyper-
vascular metastases some imaging overlap
exists with hemangiomas.

Melanoma

Melanomas range from hyper- to hypointense
on both T1- and T2-weighted MRI, probably due
to paramagnetic property of melanin pigmen-
tation. Some melanomas are heterogeneous in 
appearance. They are hypervascular (Fig. 7.44).
A combination of precontrast and portal
venous-phase CT images appears as effective as
arterial and portal venous-phase images in
detecting metastatic melanomas (143).

Therapy

Only sparse literature discusses multimodality
therapy in patients with colorectal carcinoma
and unresectable liver metastases. Occasional
patients undergo primary colorectal carcinoma
resection and hepatic arterial infusion
chemotherapy; shrinkage of liver metastases
then allows hepatic lobectomy.

Antiangiogenic therapy, inhibiting endothe-
lial growth factor activity, is still in its infancy
and few conclusions can be drawn.

Resection

Liver metastases of primary tumors that nor-
mally do not drain into the portal vein are gen-
erally not considered for resection. Systemic
spread of these tumors is also generally evident.
Resection of liver metastases of the upper 
gastrointestinal tract and small bowel and of
pancreatic cancers is uncommon, although an
aggressive surgical approach of gastric metas-
tases suggests improved prognosis in patients
with a solitary metastasis if adequate tumor-
free margins can be obtained. Few metastases
are resected from a gynecologic primary. Resec-
tion of metastatic renal cell carcinoma (dis-
cussed later), Wilms’ tumor, and adrenocortical
carcinoma are probably still indicated. Long-
term survival after hepatectomy for gallbladder
carcinoma is anecdotal.

Practically, most hepatic resections are per-
formed for metastatic colorectal and neuro-
endocrine tumors. With appropriate patient
selection, hepatic resection of colorectal metas-
tases to the liver can achieve 5-year survival in
about one third; eventual liver failure is a
common cause of death, but survival is often
prolonged with resection, assuming that all
metastatic foci are identified.

Figure 7.44. Metastatic melanoma.Angiography reveals a large
confluent hypervascular tumor (arrows). (Courtesy of Oscar
Gutierrez, M.D., University of Chile, Santiago, Chile.)
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Intraoperative liver palpation during initial
colon cancer resection continues to be a
common technique of detecting liver metas-
tases. The liver cannot be palpated during
laparoscopic cancer resection, and this useful
technique, generally performed during an open
resection, is thus lost. Intraoperative US, either
open or laparoscopic, is superior not only to
preoperative US but also to surgical exploration.
In some institutions results of initial intraoper-
ative US are used to decide whether to proceed
with resection, perform cryosurgery, or whether
the patient is considered unsuitable for these
therapies and the incision is closed.While intra-
operative US provides guidance to resection and
possibly reduces the number of unnecessary
resections, this optimistic outlook should be
balanced against available long-term evidence.
The results are mixed from a number of studies
about whether intraoperative liver US is useful
in patients undergoing curative colorectal
cancer surgery.

Intraoperative laparoscopic US is feasible as
part of laparoscopic colorectal cancer resection;
all liver segments can be scanned by US through
a single port site. Laparoscopic US is probably
more sensitive in identifying metastases than
CT or preoperative US.

Surgical resection is feasible in some patients
with metachronous liver metastases from renal
cell carcinoma. Mean survival can be increased
with such an approach, realizing that such
surgery is associated with significant morbidity
and mortality. Also, often multiple organ metas-
tases are present by the time liver metastases are
discovered.

An imaging study is useful shortly after resec-
tion to establish the baseline appearance. Resec-
tion margins are hyperintense on T2-weighted
MRI and vary in their postcontrast enhance-
ment. These findings gradually subside over a
several-month period.

Repeat resection of recurrent hepatic metas-
tases is mostly anecdotal but seems to occa-
sionally improve prognosis as long as the tumor
is confined to the liver.

Radiotherapy

Stereotactic irradiation of liver metastases con-
sists of a focused radiotherapy beam delivered
to a tumor with relative sparing of surrounding
liver tissue. “Significantly improved survival”

was achieved in 43 patients during a phase 2
trial compared to patients treated for palliation
(144).

Systemic Chemotherapy

The MRI changes after systemic chemotherapy
are complex and poorly understood. Some
patients develop an increase in tumor signal
intensity while others have a decrease.

Some evidence suggests that 18F-
fluorouracil-PET of colorectal metastases is
useful prior to fluorouracil chemotherapy; PET
uptake by metastases predicts subsequent
tumor growth rates after therapy.

Intraarterial Chemotherapy

Most clinical trials of intraarterial chemother-
apy for liver metastases were performed in 
the late 1980s and early 1990s; most studies
reported about half of patients responding,
compared to 10% to 20% with systemic
chemotherapy, but with little or no survival 
differences between the two regimens. The use
of additional intraarterial agents appears to
improve response, but few studies are available,
so firm conclusions cannot be drawn. Currently
intraarterial chemotherapy is used mostly for
patients with unresectable colorectal liver
metastases but without evidence of extrahepatic
metastases.

An ideal intraarterial chemotherapeutic
agent is extracted during its first pass through
the liver. Most commonly used agents consist of
5-fluorouracil (FU) and its derivatives. A several
times greater intrahepatic agent concentration
is achieved with intraarterial injection com-
pared to systemic delivery. A limiting factor for
a therapeutic response is the rapid elimination
of cytostatic agent from tumor cells. Another 
limitation is development of progressive extra-
hepatic tumors.

The primary toxicities of intraarterial
chemotherapy are biliary and small artery
intimal damage. Once damage is established,
imaging findings mimic primary sclerosing
cholangitis; the current data suggest that
damage is primarily small vessel ischemic in
nature. In one center, intrahepatic bilomas
developed in almost 10% of treated patients
with metastatic liver tumors (145).
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Either DSA and CTA prior to each session of
transcatheter arterial chemotherapy detects any
underlying complications. Perfusion scintigra-
phy also evaluates pump function after implan-
tation of an infusion pump. Injection of a
radiotracer at a flow rate similar to that used
with an infusion pump provides a distribution
pattern for subsequently injected chemothera-
peutic agents.

At times extrahepatic collateral vessels feed a
metastasis. These collaterals can be occluded
with a cyanoacrylate-Lipiodol mixture infusion
into the feeding artery, performed under tem-
porary proper hepatic artery balloon occlusion,
thus improving subsequent chemotherapy.

Intraportal Chemotherapy

The rationale of portal vein infusion
chemotherapy is that, compared to IV therapy,
relatively high doses can be delivered to the
liver.

Metastatic colorectal cancer presumably
spreads to the liver via the portal venous system.
With growth, these metastatic nodules are per-
fused primarily by arterial blood and thus most
chemotherapy is via the hepatic artery route.
Such delivery, however, may not reach very
small metastatic nodules, and an intraportal
venous infusion route appears necessary to
cover these. In spite of such reasoning, cytotoxic
portal vein infusion therapy has not lived up to
expectations and is little practiced.

Hypoxic Perfusion

Some patients with liver metastases have been
treated with hypoxic liver perfusion. The
hepatic artery is occluded with a balloon
catheter and perfused with saline–mitomycin C,
followed by gelatin sponge embolization; any
role for such a procedure in local disease control
remains to be established.

Percutaneous Ethanol Injection

In distinction to hepatocellular carcinomas,
liver metastases respond poorly to percuta-
neous ethanol injection, and such therapy cur-
rently is rarely performed, having been replaced
by other percutaneous techniques.

Single-episode percutaneous ethanol injec-
tion in patients with large or multiple liver
metastases, not eligible for other treatments,

results in tumor necrosis in a minority of
patients. Accurate tumor localization, of neces-
sity, is vital with any percutaneous ablation
technique. Fusion of CT and FDG-PET images
appears useful for lesions difficult to visualize
with one imaging modality alone. Also, whole-
body FDG-PET imaging identifies extrahepatic
metastases.

Radiofrequency Ablation

Indications and contraindications for RF tumor
ablation, photocoagulation (laser-induced ther-
motherapy), microwave therapy, and cryoabla-
tion of metastases are similar. Small solitary
metastases are ideal candidates for ablation.

Radiofrequency tumor ablation efficacy
varies considerably depending on the tumor
size and type. Either percutaneous or intraop-
erative therapy is feasible, with the latter 
performed in conjunction with partial hepat-
ectomy to destroy unresectable metastases.
Most percutaneous ablation is performed using
US guidance, although for tumors not visualized
by US, MRI guidance in an open magnet is an
option (146). Focal tumors smaller than about 3
to 4 cm in diameter yield the best results. Using
US guidance, 91% of 100 treated metastases
(mostly colorectal) were eradicated (147);
follow-up revealed tumor control to be similar
for percutaneous (90%) and intraoperative abla-
tions (94%). Among 117 treated patients esti-
mated 1- and 3-year survival rates were 93%
and 46%, respectively (148); of note is that a
majority of local recurrence occurred within 1
year of therapy. After US-guided percutaneous
RF ablation of breast cancer metastases, serial
CT follow-up showed complete necrosis in over
90% of tumors (149); on the other hand, in a
majority of these patients new metastases devel-
oped during follow-up.

Reported complications consist of subcapsu-
lar hematomas, bilioperitoneal fistulas, and
abscesses. Portal vein thrombosis is more
common in cirrhotic than in noncirrhotic livers.
Hypertensive crises have developed. Liver
insufficiency can lead to death. Similar to other
procedures, new metastases rather than local
recurrence often develop.

Either CT, contrast-enhanced US, or MR are
used to detect residual tumors shortly after
ablation (Fig. 7.45). Dynamic contrast enhanced
MR appears to be more promising than the
other modalities.
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Results of radiofrequency ablation of colon
cancer metastases approach those of resection,
keeping in mind that patient selection is often
not comparable for these two groups. As
expected, better success is achieved with small
tumors.

Photocoagulation (Thermotherapy)

Laser-induced thermotherapy using a percuta-
neous approach results in coagulation necrosis
of metastatic nodules and adjacent liver
parenchyma. Using an interventional 0.5-T MRI
unit for guidance, laser irradiation with a near-
infrared laser source and cooled laser light
guide of 58 colorectal liver metastatic foci
resulted in no residual tumor in nodules <2 cm
in diameter, necrosis occurred in 71% of metas-
tases between 2 and 3 cm, and lesser amounts in
larger tumors (150). In a prospective study of
patients with colorectal metastases, MR-guided
laser-induced thermotherapy achieved a mean
1-year survival of 94%, 3-year survival of 56%
and 5-year survival of 37% (151); to achieve
these results, patient inclusion criteria consisted
of the absence of extrahepatic tumor, fewer than
five intrahepatic metastases, and metastases

smaller than 50 mm in diameter, but included
were patients with recurrent liver metastases
after partial liver resection, metastases in both
lobes, unresectable tumors and those patients
with contraindications for surgery. Longer
follow-up suggests that thermotherapy results
are similar to surgical resection.

To limit arterial blood flow, degradable starch
microspheres have been injected into the proper
hepatic artery; whether such a technique in-
creases percutaneous laser-induced thermo-
therapy effectiveness remains to be seen.

One should keep in mind that tumor volume
measurements with a low field strength MR unit
differ somewhat from those obtained with a 
1.5-T unit. Likewise, CT volume measurements
differ from MR values.

Microwave Coagulation Therapy

Currently microwave coagulation therapy of
metastatic liver tumors is rarely performed. A
Beijing study achieved cumulative survival rates
of 91% at 1 year and 29% at 5 years, with tumor
grade, number of metastases and local recur-
rence or new metastases each having a signi-
ficant effect on survival (152).

Figure 7.45. Radiofrequency ablation of metastatic colon carcinoma.Transverse CT images pretherapy (A), immediately posttherapy
(B), and 4 months later (C) show progression of changes. No enhancement was evident within the lesion. (Courtesy of Fred T. Lee,
M.D., University of Wisconsin.)
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Cryoablation

Cryoablation therapy for metastases is similar
in its approach to that used for hepatocellular
carcinomas (discussed above; see Hepatocellu-
lar Carcinoma). In spite of numerous cryother-
apy studies published, its role in treating
metastatic disease is not yet established. Should
it be an alternative to surgery or is its primary
role that of adjuvant therapy? In fact, whether
cryotherapy has a major impact on metastatic
liver disease is still debatable.

Either a percutaneous or an open surgical
approach is used for cryoablation. Magnetic res-
onance guidance during percutaneous cryoab-
lation identifies the tumor nodule in question
and the size of the surrounding frozen liver
tissue. An open MR unit reveals resultant ice
balls as sharply defined expanding regions of
signal loss encasing tumors; these ice balls cor-
relate with resultant necrosis (Fig. 7.46). The
mass seen immediately after therapy should 
be larger than the original tumor; otherwise,
incompletely treatment should be suspected.
Surrounding hemorrhage is common. Occa-
sionally CT identifies gas within a tumor; it 
does not imply infection. In time these tumors
shrink.

Thirty patients with colorectal cancer metas-
tases confined to the liver, not deemed
resectable and with <50% liver involved by

tumor, underwent cryoablation followed by
hepatic artery infusion chemotherapy with 5-
FU, achieving a median survival of 18 months
from the time of cryoablation (153); survival in
this group of patients appears to be improved by
such dual therapy.

Several patients undergoing synchronous
hepatic cryoablation and colon cancer resec-
tion developed hepatic abscesses, although an
abscess is rare after cryoablation alone.

Follow-Up

The use of bile CEA levels as early markers of
occult liver metastases in patients with colorec-
tal cancer has met with limited success; raised
bile CEA occurs at initial colorectal cancer
resection even without liver metastases but a
raised biliary CEA level later, after the primary
tumor has been resected, does predict tumor
recurrence, either within the liver or at some
other site. Bile sampling can be obtained by
either cholangiography or, even simpler, by
transhepatic gallbladder puncture.

Imaging is often used to follow the size of
metastases and the response to therapy. The
usefulness of a baseline posttherapy study
cannot be overemphasized. In general, the same
imaging modality should be used for follow-up;
comparing tumor size with different imaging
modalities is fraught with uncertainty. Even 

Figure 7.46. Cryoablation and resection of metastatic colon carcinoma. A: Three liver lesions are present on this pretherapy image;
two left lobe ones were resected and one in the right lobe was frozen. B: Postresection and postcryotherapy CT identifies a
biloma/seroma at the site of left lobe resection and a residual lesion without contrast enhancement is evident at the site of right
lobe cryotherapy (arrow). (Courtesy of Fred Lee, M.D., University of Wisconsin.)
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CT 3D measurement of metastasis size can be
used.

Magnetic resonance imaging is useful in 
evaluating metastases after therapy. Any viable
tumor should enhance with gadolinium. Necro-
sis does not enhance or reveals only minimal
delayed peripheral enhancement.

Some metastases undergo considerable
change in their imaging features after chemo-
therapy; some mimic a benign lesion such as a
cyst or hemangioma, while others develop such
extensive fibrosis and distortion that the overall
appearance mimics cirrhosis. Postcontrast MR
of treated lesions tends to reveal no immediate
enhancement, but fibrosis gradually becomes
hyperintense on delayed images.

Other neoplasms
This section includes miscellaneous tumors not
discussed previously and that are not readily
classifiable either under benign or malignant
categories.

Neuroendocrine Tumors

Clinical

Primary liver neuroendocrine tumors range
from undifferentiated carcinomas to one with
varying differentiation. The vast majority are
metastatic rather than primary. Overall, they are
not common.

Untreated, neuroendocrine metastases ap-
proximately double in size in 1 year. Typically,

the severity of symptoms and indolent course
argue for aggressive therapy.

Surgical resection is curable in some and pal-
liative in most. Chemotherapy, somatostatin
analogues, percutaneous ablation techniques
and hepatic artery embolization of metastatic
foci are used individually or as part of a global
therapeutic approach. Long term palliation is
feasible with transarterial chemoembolization
but insufficient data is available to place this
procedure in a proper perspective (154). The
role of liver transplantation in a setting of
metastatic neuroendocrine tumors is not
settled. Cryoablation therapy appears useful in
some of these patients. Most palliation proce-
dures for liver neuroendocrine tumors result
both in symptomatic relief and prolonged 
survival.

Imaging

These tumors are generally identified by con-
trast-enhanced imaging, with imaging-guided
biopsy used to establish a specific diagnosis
(Fig. 7.47).

Octreotide is a synthetic somatostatin ana-
logue. Somatostatin receptor scintigraphy using
octreotide labeled with indium 111 aids in 
localizing carcinoids and some other neuroen-
docrine tumors. Metastatic islet cell carcinomas,
regardless of type, also accumulate this radio-
tracer as long as a tumor contains sufficient
somatostatin receptors, keeping in mind that
not all neuroendocrine tumors fulfill this 
condition. Somatostatin receptor scintigraphy 
is useful for several reasons: It confirms 

Figure 7.47. Metastatic islet cell carcinoma. Precontrast (A) and contrast-enhanced (B) CTs reveal better tumor visualization after
contrast. Numerous rim-enhancing nodules are scattered in the liver. (Courtesy of Patrick Fultz, M.D., University of Rochester.)
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neuroendocrine liver metastases detected by
other imaging and often discovers new sites.
Octreotide scintigraphy also detects those
tumors potentially responsive to radiolabeled
octreotide therapy, but even here caution is 
necessary—liver, spleen, kidneys, and bladder
are routinely visualized, while neuroendo-
crine tumors (and lymphomas) show variable
uptake; therapy using somatostatin analogues
may not be appropriate for all tumors accumu-
lating In-111-DTPA-D-Phe-octreotide (In-111-
pentetreotide).

Schwannoma

A primary schwannoma of the liver without
associated neurofibromatosis is rare. Initially
these are solid tumors, but with growth they
tend to necrose and invade adjacent structures,
including stomach.

Carcinoid

Most carcinoids originate in the gastrointestinal
tract, with an occasional primary in some other
organ, such as breast; even these metastasize to
the liver. Primary liver carcinoids are rare; of
interest is that the carcinoid syndrome tends not
to develop in these patients. Carcinoid syn-
drome develops if tumor blood flow drains 
into the systemic venous circulation. Thus, in
general, in a setting of a known primary 
carcinoid, the presence of carcinoid syndrome
usually implies hepatic metastases, although
exceptions occur and occasionally carcinoid
syndrome is not evident even with widespread
liver involvement.

Multiple liver foci are more common than
solitary ones. Being metastatic, these carcinoids
are malignant, yet specific imaging findings do
not aid in differentiating between benign and
malignant ones. Precontrast CT identifies carci-
noid metastases as hypodense tumors, although
small ones tend to be isodense. Central necrosis
in larger tumors is hypodense. They enhanced
during the arterial phase, with contrast
enhancement then decreasing; superficially,
they can mimic a hemangioma. A minority of
focal carcinoids are best seen precontrast. Some
are identified only on one phase.

Ultrasonography shows these tumors to
range from hypo- to hyperechoic; central 
necrosis is anechoic. Some tumors are sur-
rounded by a hypoechoic halo.

These tumors are hypointense on T1- and
hyperintense on T2-weighted MRI; they
enhance markedly during the arterial phase,
less so during portal phase. A peripheral
hypointense ring is seen in some of these
tumors during delayed imaging, a finding 
also detected with some other hypervascular 
metastases.

Digital subtraction angiography identifies
neovascularity. Larger tumors are fed by tortu-
ous and elongated arteries. Carcinoids tend to
displace and compress adjacent portal veins but
not invade.

Most carcinoids contain somatostatin recep-
tors, and octreotide scintigraphy is useful 
in localizing them. They are amenable to
octreotide therapy.

Indium-111 pentetreotide and iodine-
123–vasoactive intestinal peptide receptor
imaging should suggest a carcinoid. Indium-
111-pentetreotide SPECT detects more tumors
than planar scans or conventional imaging.

The radiopharmaceutical metaiodobenzyl-
guanidine (MIBG), used in the imaging and
therapy of pheochromocytomas and neuroblas-
tomas, has a limited role in imaging metastatic
liver carcinoids because other imaging is more
sensitive. Iodine-131-MIBG is useful, however,
in treating carcinoids.

Interferon therapy has led to a clinical
response, but symptoms recur after end of
therapy. Embolization has had a limited 
application.

Gastrinoma

A rare primary liver gastrinoma has been
reported.

T2-weighted sequences reveal a well-
marginated, homogeneous, hyperintense tumor.
Arterial phase MR sequences show larger
tumors to have either homogeneous or periph-
eral enhancement, while smaller ones tend to 
be homogeneous and mimic hemangiomas.
Delayed sequences show faster contrast washout
than with most hemangiomas, and these
sequences are most useful in differentiating
metastatic gastrinomas from hemangiomas.

The intraarterial secretin test consists of
sampling venous blood after secretin injection.
In patients with Zollinger-Ellison syndrome,
the secretin test is positive in only half or so 
of patients. This detection rate is less than with
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other imaging available. The secretin test is
useful when CT and MR are nondiagnostic.

Somatostatin receptor scintigraphy detects
more gastrinoma metastases than CT, MRI, or
angiography. As expected, somatostatin recep-
tor scintigraphy does not identify hemangiomas
and thus aids in this differentiation.

Indium-111-pentetreotide SPECT is becom-
ing the imaging procedure of choice for sus-
pected gastrinoma.

Other Tumors

Insulinomas metastatic to the liver tend to be
slow growing. Either curative or palliative
surgery is often considered. Chemotherapy or
transcatheter arterial embolization prolongs
survival. Chemical shift MR occasionally reveals
a rim of steatosis surrounding metastatic insuli-
nomas, presumably due to local insulin release
(155).

Pheochromocytomas originate in a number
of organs, but a liver primary is exceedingly
rare.

Liver neurofibromas are rare and are associ-
ated with neurofibromatosis type 1. These
tumors involve intrahepatic nerves and thus
tend to have a periportal sheath-like distribu-
tion. Computed tomography reveals a hypo-
dense infiltrating tumor mimicking lymphoma
or a mesenchymal tumor.

Hemangioendothelioma

Classification of hemangioendotheliomas is
confusing and still evolving. A number of vas-
cular tumors have been called hemangioen-
dotheliomas, including spindle cell, kaposiform,
epithelioid, retiform, polymorphous, compos-
ites, and the malignant endovascular papillary
angioendothelioma (Dabska’s tumor). Some of
these are benign vascular tumors and are
angiomas, others are malignant and thus
angiosarcomas, while still others classify as
“borderline” malignant. Many authors simply
use the term infantile hemangioendothelioma to
designate these tumors when found in infancy
and do not subdivide them further. These
tumors are probably of fetal origin and tend 
to be multifocal. Hepatomegaly is generally
present and the a-fetoprotein level is elevated,
suggesting a possible hepatoblastoma.

Bilateral diffuse hepatic nodules are a
common finding with hemangioendotheliomas.
Tumor nodules tend to be rather uniform in
size; they are hypointense on T1- and hyperin-
tense on T2-weighted images. They enhance
postcontrast.

Hemangioendotheliomas and cavernous
hemangiomas have a similar CT and MRI
appearance.

Some infantile hemangioendotheliomas have
an early “blush” on Tc-99m–red blood cell
scintigraphy.

Kaposiform Hemangioendothelioma

Kaposiform hemangioendothelioma is a more
recently described entity involving multiple
organs, including skin, liver, spleen, lungs, brain,
and intestine. It is believed to be clinically and
histologically distinct from the more typical
hemangioma found in infancy. It is an aggres-
sive, locally invasive tumor that does not metas-
tasize. In spite of the name, this tumor, together
with spindle cell hemangioendothelioma, is not
associated with Kaposi’s sarcoma herpesvirus
(human herpesvirus 8); a polymerase test for
Kaposi’s sarcoma herpesvirus can be used to
distinguish between Kaposi’s sarcoma and
other vascular tumors.

The histologic findings combine those found
in a tufted angioma, lymphangioma, and
Kaposi’s sarcoma.

Kaposiform hemangioendotheliomas mani-
fest somewhat later in life than infantile 
hemangiomas and are often associated with
anemia, thrombocytopenia, and a coagulopathy
(Kasabach-Merritt syndrome), and occasionally
with lymphangiomatosis. Nevertheless, some of
these tumors have been misdiagnosed as infan-
tile hemangiomas. Some authors suggest that
Kasabach-Merritt syndrome does not occur
with hemangiomas, and if this syndrome is
present a kaposiform hemangioendothelioma
should be considered. Whether the occasional
adult with a large so-called hemangioma and
exhibiting Kasabach-Merritt syndrome actually
has a hemangioendothelioma is conjecture.

Epithelioid Hemangioendothelioma

Epithelioid hemangioendotheliomas do metas-
tasize and should be classified as malignant vas-
cular tumors. Most occur in middle-aged
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women, but children are not spared. The under-
lying liver is usually normal.

Imaging defines the size and extent of these
tumors, but their appearance often suggests 
a hepatocellular carcinoma. Liver biopsy is
needed to establish a diagnosis. Ultrasonogra-
phy is generally used to follow these lesions.

Varying degrees of mottled calcifications
develop eventually.

Computed tomography reveals a hypodense
tumors (Figs. 7.48 and 7.49). They tend to be
hypervascular in their periphery. Contrast CT
shows early peripheral enhancement followed
by delayed central enhancement. Central
enhancement is absent if sufficient fibrosis or
thrombosis evolve. Even with extensive tumors
in both lobes, the underlying hepatic vascularity
tends to be normal.

These tumors are hypointense on T1- and
hyperintense on T2-weighted images, although
considerable variability exists.

Patients with epithelioid hemangioendo-
theliomas have undergone successful liver
transplantation.

Other Hemangioendotheliomas

Retiform, polymorphous, and composite
hemangioendotheliomas and the malignant
endovascular papillary angioendothelioma

usually infiltrate locally and have a high rate 
of local recurrence, and some will metasta-
size. They should be considered low-grade 
malignancies.

Figure 7.48. Liver hemangioendotheliosis in a 1-year-old girl. She also has skin hemangiomas and has mild congestive heart failure.
A: Precontrast CT reveals an extensive blood density infiltrate involving large portions of the liver. B: Contrast-enhanced CT shows a
heterogeneous tumor mostly isodense with liver. Of note is the small caliber aorta. (Courtesy of Luann Teschmacher, M.D., University
of Rochester.)
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Figure 7.49. Epithelioid hemangioendothelioma in an 18-year-
old woman. Contrast-enhanced CT reveals a large heteroge-
neous, lobulated tumor involving both right and left lobes.Some
of the vessels coursing into it are attenuated. She underwent
liver transplantation. (Courtesy of Patrick Fultz, M.D., University
of Rochester.)
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Hemangiopericytoma

The rare primary liver hemangiopericytoma
occurs in both children and adults. Clinically
and radiologically these tumors suggest a
hemangioma or a hemangioendothelioma.
Some express angiogenic factors such as fibrob-
last growth factor and vascular endothelial
growth factor.

Occasionally detected is a metastatic heman-
giopericytoma (Fig. 7.50). Some of these
patients present with hypoglycemia; a history of
a hemangiopericytoma resected years ago is not
uncommon.

Calcification
Numerous disorders lead to increased liver
parenchymal density and most are discussed 
in their respective sections. Not all increased
density is due to calcium deposition. Increased
iron stores and thorotrastosis are two such non-
calcium conditions.

Whether calcifications are diffuse or focal,
linear or curved, dense or barely visible allows
one to narrow the differential diagnosis (Table
7.16). The patient’s age, likewise, aids in differ-
entiating diagnoses.

Vascular Disorders
Vascular Congestion
Systemic venous engorgement, such as with
congestive heart failure, constrictive pericardi-
tis, or an episode of hypotension, leads to 
liver congestion, hepatomegaly, and, if severe
enough, eventual liver ischemia and central
lobular necrosis. Underlying liver damage is
often unexpected. Shock has led to acute liver
necrosis. Cirrhosis is an end point if congestion
is chronic. Associated renal failure is common.
These patients present with a marked increase
in transaminase levels that tend to normalize
rapidly. A coagulopathy with a prolonged pro-
thrombin time is common.

Figure 7.50. Metastatic hemangiopericytoma. She had surgery
years ago for a meningeal hemangiopericytoma. A large right
lobe tumor is evident. (Source: Cancer 1999;85(10):2245–2248.
Copyright 1999 American Cancer Society. Reprinted by permis-
sion of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.
Courtesy of Dr. F. Grunenberger, Hôpital de Hautepierre,
Strasbourg.)

Table 7.16. Conditions associated with liver calcifications

Diffuse parenchymal calcifications
In childhood

Toxoplasmosis
Cytomegalovirus
Rubella
Herpes simplex virus
Neonatal syphilitic hepatitis

Granulomatous hepatitis
Tuberculosis
Histoplasmosis
Schistosomiasis (Schistosoma japonicum)
Pneumocystis carinii (usually in AIDS)
Associated with hemo- or peritoneal dialysis
Amyloidosis
Silicosis
Lymphoma
After liver ischemia
Post-transplant hepatic artery thrombosis

Focal calcifications:
Prior pyogenic abscess
Prior amebic abscess
Hydatid cyst
Primary liver tumors

Cavernous hemangioma
Focal nodular hyperplasia
Fibrolamellar hepatocellular carcinoma
Epithelioid hemangioendothelioma

Metastatic neoplasm
Mucin-producing adenocarcinoma
Osteogenic or chondrosarcoma
Some neuroendocrine tumors

Aneurysms
Intrahepatic biliary stones
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Contrast-enhanced CT reveals a mottled
pattern throughout the liver and delayed
hepatic vein enhancement. Periportal low-
attenuation nonenhancing fluid is a manifesta-
tion of venous stasis. The inferior vena cava
becomes engorged and enlarges.

Enlarged hepatic veins and, at times, an
enlarged inferior vena cava are gray-scale US
findings of liver vascular congestion. Doppler
US shows prominent portal vein pulsatility. In
patients with heart failure, duplex Doppler US
reveals that those with more severe left ventric-
ular failure have a reduced portal vein pulsatil-
ity ratio; in fact, portal vein pulsatility correlates
better with worsening cardiac function than
vena caval or hepatic vein diameters. In chronic
congestive heart failure the hepatic veins lose
their triphasic contractility.

Infarction
The liver’s dual blood supply makes major
hepatic infarcts rare in the absence of prior 
surgical or radiologic intervention. Most major
infarcts are encountered after liver transplanta-
tion. After a pancreaticoduodenectomy, liver
infarction is more common in patients under-
going combined portal and superior mesenteric
vein resection but not in those without a com-
bined vascular resection. Liver infarcts develop
in patients with vasculitides, polycythemia vera,
and disseminated intravascular hypercoagula-
tion. Sickle cell disease is associated with liver
infarcts, although many of these are not
detected with imaging. Blunt trauma is a rare
cause of a major liver infarct. Liver infarction is
a rare complication of transjugular intrahepatic
portosystemic shunt (TIPS). Focal liver infarcts
occur in association with diffuse or focal liver
disease, often after obstruction of an intrahep-
atic branch of the hepatic artery. Occlusion of a
portal vein branch does not result in an infarct
(except in neonates). Etiology of some biopsy-
confirmed focal necrosis can be identified,
but in others differentiation among infection,
tumor, and ischemia is not possible. Some 
focal infarcts evolve into focal necrosis and an
abscess; others presumably heal with few 
sequelae.

A typical infarct appears as a well-
marginated, wedge-shaped, peripheral defect;
more centrally located infarcts are harder to
identify. Within several days of necrosis, con-

ventional radiography and CT detect gas
bubbles in the liver, a transient finding. With a
sufficient insult eventual parenchymal atrophy
and scarring ensue. Some patients eventually
develop diffuse liver calcifications.

Contrast-enhanced CT of an infarct reveals a
hypodense region due to hypoperfusion, gener-
ally in the periphery. With hepatic artery
obstruction, Doppler US identifies the lack of
flow in the porta hepatis, although intrahepatic
arterial flow may still exist due to collateral
vessels. Occluded feeding arteries are identified
in some patients.

Following abdominopelvic surgery not
related to the liver, some patients develop
wedge-shaped liver defects. These defects range
from hypo- to hyperdense on precontrast CT.
Postcontrast, these defects appear homoge-
neous and of higher attenuation than the sur-
rounding liver. Of interest is that in some
patients CT also detects portal vein branch clots
within these defects. Follow-up CT reveals most
of these defects diminishing with time, although
some can persist. These postoperative defects
probably represent a portal venous system
thromboembolic phenomenon, and CT contrast
enhancement is due to compensatory increase
in hepatic arterial flow.

Postcontrast MRI reveals an infarct as a
hypointense region.

Veno-Occlusive Disease
Hepatic vein obstruction is secondary to throm-
bosis or to such etiologies as chemotherapy or
toxin ingestion. It is a rare complication of ther-
apeutic liver radiation.

Jamaican herbal tea (Senecio vulgaris)
drinkers are at increased risk of hepatic veno-
occlusive disease. Clinically, these patients have
findings similar to Budd-Chiari syndrome but
imaging reveals patent major hepatic veins and
inferior vena cava. Portal vein blood flow is
decreased in this condition.

Budd-Chiari syndrome is discussed in
Chapter 17.

Shunts
Arteriovenous

Intrahepatic arteriovenous shunting, if
significant enough, leads to hepatic artery
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enlargement and early venous contrast
enhancement through the shunt. Early venous
enhancement is also seen with some hypervas-
cular neoplasms such as hepatocellular carcino-
mas. These findings are identified with
postcontrast CT and arteriography.

Arterioportal

Small arterioportal venous shunts (not related
to neoplasms), identified by hepatic angiogra-
phy, appear as perfusion defects at CT arterial
portography.

Arterial-phase dynamic MRI of small nontu-
morous arterioportal shunts reveal wedge-
shaped, nodular, or irregular-shaped regions of
contrast enhancement (156); they are not
identified by unenhanced MRI. These nontumor
arterioportal shunts are a cause of focal liver
arterial MR hyperperfusion in a setting of
normal precontrast MRI.

Liver in Idiopathic 
Portal Hypertension
Whether idiopathic noncirrhotic, chronic portal
hypertension is one condition or a final pathway
of several disorders is speculation. Histology
reveals dense portal fibrosis, portal venous
obliteration, and intralobular fibrosis; the
appearance is similar to that found in nodular
regenerative hyperplasia.

Some patients with idiopathic portal hyper-
tension develop decreased portal venous
peripheral perfusion. These regions enhance
during arterial phase dynamic and are
hypointense on T1- and hyperintense on T2-
weighted MRI. Technetium-99m-GSA scintigra-
phy shows decreased accumulation, indicative
of dysfunction.

Other Vascular Disorders
In patients with portal vein obstruction (in
either the right or left lobe portal veins), imme-
diate CT and MR contrast-enhanced images
reveal an initial transient increase in segmental
hepatic enhancement distal to the obstruction;
this enhancement is secondary to increased
hepatic arterial blood flow to the obstructed
segment.

Hepatic sinusoidal dilatation, a rare interest-
ing vascular condition, is associated with focal
hepatocyte necrosis and intrasinusoidal
fibrosis. It occurs in a setting of oral contracep-
tive use or pregnancy. CT reveals a poorly 
marginated heterogeneous hypodense region
during the portal phase which gradually
becomes isodense (157); T2-weighted MR
identifies vessels within the lesion, an uncom-
mon finding with a neoplasm. Delayed contrast
enhancement separates this condition from
peliosis hepatis, which tends to enhance early.

Vasculitides are prone to bleed, usually intra-
hepatic, less often intrabiliary or intraperi-
toneally. Some of these bleeds can be treated
with transcatheter arterial embolization.

HIV/AIDS
Clinical
It is common to see hepatomegaly and
splenomegaly in a setting of HIV infection. In
general, low attenuation lesions in the liver
should not be ascribed directly to HIV; most 
are secondary to another infection or a 
neoplasm.

Liver histology is abnormal in most autopsied
HIV patients; steatosis is most common.
Steatosis developing in HIV infected patients
receiving antiretroviral therapy leads to
hepatomegaly and is a severe and potentially
fatal complication.

Imaging
Ultrasonography findings in HIV-positive
patients are less specific than in the general pop-
ulation. In almost half of these patients US
shows a diffuse hyperechoic liver, presumably
secondary to steatosis.

Some opportunistic liver and splenic infec-
tions result in an US snowstorm appearance.
Fibrosis or a fibrinous exudate probably
accounts for this appearance.

Infection
Bacillary angiomatosis, a liver infection com-
plicating AIDS, is caused by infection with 
Bartonella henselae or B. quintana. It mimics
Kaposi’s sarcoma. Computed tomography
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reveals hypodense tumors that enhance 
postcontrast.

Pneumocystis carinii infection has led to
acute hepatic failure due to P. carinii obstruct-
ing the hepatic sinuses and capillaries.
Calcifications develop in lymph nodes, spleen,
liver, and kidneys.

Liver function tests are abnormal but no 
specific imaging findings are seen with liver
toxoplasmosis.

Immunocompromised children tend to
develop multiple small liver abscesses, often
fungal in origin, rather than a large drainable
abscess.

Although disseminated tuberculosis is not
uncommon in HIV patients, hepatic tubercu-
lous abscesses are rare. Focal liver involvement
is unusual and only an occasional AIDS patient
develops liver tuberculomas.

Malignancy
An occasional hepatocellular carcinoma devel-
ops in an HIV-infected patient with no evidence
of chronic liver disease or viral infection.
Primary liver lymphomas also are found in HIV
patients. Discrete tumors, rather than diffuse
infiltration, predominate. A biopsy should be
diagnostic.

Kaposi’s sarcomas tend to infiltrate the portal
triads.

Rare hepatic leiomyomas and leiomyosarco-
mas have developed in children with AIDS.

Postoperative Changes
Liver Transplantation
Pretransplant

Clinical

Children

The most common indication for orthotopic
liver transplantations among 198 children was
biliary atresia (42%), followed by a1-antitrypsin
deficiency (8%), Alagille’s syndrome (8%), and
fulminant hepatic failure (7%) (158); over half
of these children were under 5 years of age.
Other indications for a liver transplant in chil-
dren include cryptogenic cirrhosis, and an occa-
sional child has cystic fibrosis and resultant
biliary cirrhosis. A severe organ shortage exists

for children. In part, this shortage has been 
alleviated by using reduction hepatectomy to
produce more manageable-sized liver allografts;
only the left lobe or even a segment of the lobe
is transplanted.

Similar to transplantation of an entire liver,
infants with reduced transplants (left lateral
segment or split-liver transplant grafts) also
undergo a Roux-en-Y choledochojejunostomy.
The vascular and biliary anatomy is different
from that seen with whole liver transplantation
if only a partial liver transplant is performed.

At times TIPS stabilizes an adult or child with
liver failure and life-threatening variceal bleed-
ing sufficiently to permit liver transplantation
later.

In one center the 1-year actuarial survival
rate in children was 80% (increasing to 88%
over the last 5 study years) and for those sur-
viving more than 1 year, the 3-, 5-, and 10-year
actuarial survival rates were 95%, 93%, and
93%, respectively (158).

Adults

The most common indications for orthotopic
liver transplantation in adults are cirrhosis,
sclerosing cholangitis, and fulminant hepatic
failure. End-stage hepatitis B cirrhosis patients
were considered to be poor candidates for trans-
plantation due to a high recurrence rate, but
more recent medical therapy has led to a more
favorable response. Hepatitis C virus infection
recurs in most patients posttransplant and
appears to be relatively benign, but the long-
term sequelae are not known. In select patients
transplantation is a viable option for early
primary liver cancer. Prevalence of hepatocellu-
lar carcinoma is greater in a transplant recipi-
ent undergoing transplantation for cirrhosis
than in the general population, with some of
these cancers not detected by pretransplant
imaging. Performing both CT arterioportogra-
phy and DSA pretransplant achieves a sensitiv-
ity of about 85% in detecting hepatocellular
carcinomas in cirrhotic livers but these tests
have a relatively high false positive rate (159).
Although pretransplant knowledge of an inci-
dental neoplasm is of obvious importance, one
may argue that due to the generally small size of
most of these tumors the patient would still be
eligible for transplantation.

Patients with primary sclerosing cholangitis
who have developed a cholangiocarcinoma do
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poorly after liver transplantation; the current
trend is to perform liver transplantation 
earlier in the course of primary sclerosing
cholangitis.

Spontaneous bacterial peritonitis, a compli-
cation of cirrhosis, is not a contraindication 
to liver transplantation provided adequate
therapy for peritonitis is administered prior to
transplantation.

The role of TIPS prior to transplantation 
is discussed in Chapter 17. The malposition 
of TIPS stents, however, alters and prolongs 
liver transplantation by interfering with cross-
clamping at usual vascular sites.

Living donor transplantation involves right
lobectomy or segmentectomy or left lobectomy
or segmentectomy. Regeneration is a rapid
process, with a transplant doubling in size
within three or so weeks. Postoperative compli-
cations do occur in liver donors. Complications
occur more often in right lobe than left lobe
donors (160); many of these complications are
amenable to interventional management, such
as percutaneous drainage, bile duct dilation,
arterial embolization or stent placement and
resolve.

Imaging

Preoperative recipient assessment is designed to
detect any anatomic variance such as portal vein
patency and its major branches, and the caliber,
location, and patency of the hepatic artery,
hepatic veins, and inferior vena cava. Probably
the most useful single imaging modality for 
preoperative evaluation of a potential liver
transplant candidate is contrast-enhanced CT,
especially multislice. This study calculates liver
volume, evaluates adjacent structures, and
defines underlying vascular anatomy.

Multidetector multiphase CT provide com-
prehensive parenchymal, vascular, and volumet-
ric evaluation of potential living adult donors
for right lobe liver transplantation. Agreement
is found in donors between virtual CT right 
lobe volumes and graft weights obtained at
surgery.

Arterial phase and portal venous phase CT
with 3D volume rendering techniques can
define major vessel origins, portal vein throm-
boses and cavernous transformation, collateral
vessels, and detect unsuspected liver tumors.
Such vascular information appears similar to or
even superior to that obtained with DSA.

At times resection of only the left lobe or left
lateral segment is performed in living donors
for related transplantation, and any anatomic
venous variation needs to be determined. Often
US is sufficient for this task. It can identify
whether the hepatic veins form a common
trunk or drain separately into the inferior vena
cava.

Preoperative right lobe living donor evalua-
tion is also feasible with comprehensive 
abdominal T1- and T2-weighted MRI, MR
cholangiography, and MR angiography; Preop-
erative MR evaluation in right hepatic lobe
donors provides right lobe volume data 
similar to surgically obtained volumes, outlines
intrahepatic bile duct anatomy in more patients
than intraoperative cholangiography, and
depicts portal veins more completely than DSA
(161). Preoperative MRI findings can exclude
donors, although a right hepatectomy was
aborted at laparotomy in several patients
because of intraoperative cholangiography
findings at variance to preoperative imaging
(162). A specific role for MRI is yet to be estab-
lished in living donors. Of interest is a study of
iodipamide enhanced multidetector CT cholan-
giography, showing significantly better donor
biliary tract visualization than with conven-
tional MR or mangafodipir enhanced excretory
MR cholangiography (163).

Technetium-99m-GSA, binding to asialogly-
coprotein liver receptors, is useful in evaluating
hepatic functional reserve both prior to and
after transplantation.

Is selective angiography necessary in children
with end-stage liver disease who present for
orthotopic liver transplantation? Such selective
study does provide detailed portal vein and
hepatic artery anatomy but at some risk to these
children.

Intraoperative

In addition to pre- and posttransplantation
evaluation, intraoperative vascular US appears
useful if vascular compromise is suspected.
Intraoperative US aids in establishing a liver
transection line for an extended lateral segmen-
tectomy by identifying the left medial vein.

A typical liver transplantation requires five
anastomoses: four vascular ones involving the
hepatic artery, portal vein, and supra- and infra-
hepatic inferior vena cava, and an end-to-end
biliary anastomosis. A T-tube stent was often
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left in place across the biliary anastomosis,
although a number of surgeons have abandoned
T-tube drainage to prevent bile leakage from the
site. With the latter, biliary complications must
be approached via ERCP. If a biliary anastomo-
sis is not feasible, a choledochojejunostomy is
created. A cholecystectomy is performed.

Posttransplant

The consequences of prolonged immuno-
suppressive therapy are still not completely
understood.

Imaging

Computed tomography detection of focal sub-
capsular hepatic necrosis at some point in time
is common after liver transplantation. In
general, this finding is of little clinical prognos-
tic significance, although it is associated with
acute rejection.

A suprahepatic circumcaval calcification is
occasionally detected by CT after transplanta-
tion. It is probably of little consequence.

Although IV Levovist in liver transplant
patients results in significantly better color
Doppler US arterial signals, little or no improve-
ment is evident for the main portal vein and
hepatic vein.

Magnetic resonance imaging defines hepatic
venous anatomy and determines the liver
volume and portal venous blood flow.

Complications

Rejection

Rejection is usually first detected roughly a
week after transplantation. No specific imaging
finding suggests liver rejection. During acute
rejection the liver becomes edematous and
intrahepatic bile ducts are compressed, result-
ing in incomplete filling during cholangiogra-
phy (Fig. 7.51). Chronic rejection manifests by
multiple bile duct strictures and a gradual and
progressive reduction in number of interlobular
bile ducts. In a setting of suspected rejection,
imaging is used primarily to exclude biliary,
vascular and other causes that clinically mimic
rejection.

In some patients CT and MRI show a perivas-
cular collar around central portal vein branches,
probably secondary to impaired lymphatic
drainage and resultant lymph edema.

Doppler US changes in vessel diameter and
blood flow data do not correlate consistently
with acute rejection or with liver biopsy 
findings.

Biliary Complications

Posttransplant biliary complications encoun-
tered during the acute period consist of leakage
and obstruction. Bile duct necrosis is uncom-
mon. Strictures or stones develop on a more
chronic basis.

Cholangiography, via an inserted catheter,
endoscopic approach, or percutaneously, studies
the suspected biliary complications (Fig. 7.52).
Magnetic resonance cholangiopancreatography
is evolving into a viable alternative by identify-
ing first-order intrahepatic and extrahepatic
bile ducts in over 90% of recipients. Enhance-
ment with mangafodipir trisodium outperform
conventional MR cholangiography in detecting
and excluding biliary abnormalities (164).

In children, a diagnostic cholangiogram can
be obtained in over 90% of attempted per-
cutaneous transhepatic cholangiograms and a
drainage catheter successfully inserted in most
(165); of note is that a diagnostic cholan-

Figure 7.51. Presumed rejection of second liver in patient with
autoimmune hepatitis. Numerous narrowed and dilated biliary
segments are scattered throughout the liver. Ischemia can have
a similar appearance. (Courtesy of David Waldman, M.D., Univer-
sity of Rochester.)
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giogram was obtained in 92% even when 
intrahepatic bile ducts were not dilated.

Acute: The most common early biliary com-
plication is biliary leakage, usually at an anasto-
mosis. Some leaks manifest only after T-tube
removal. A less common cause of bile leak is
liver biopsy. Most bilomas are amenable to 
nonsurgical therapy, but one must ensure that 
a fluid collection does indeed represent bile
rather than a vascular aneurysm; the latter is
excluded with Doppler US.

The bile ducts receive their entire blood
supply from the hepatic artery and are rather
sensitive to ischemia. Thus the risk of biliary
complications increases considerably with
hepatic artery stenosis. Ischemic complica-
tions include leaks, strictures, and adjacent
abscesses, with the most common complication
being a nonanastomotic biliary stricture. In
patients with complete interruption of arterial
blood flow, about half also have a biliary 
complication.

Acute obstruction also occurs due to mechan-
ical T-tube malposition or bile duct kinking.
Partial donor cystic duct remnant obstruction
and distention due to retained mucus or sludge
(mucocele) occasionally compresses the adja-

cent hepatic duct. Ultrasonography reveals a
cystic duct mucocele as an anechoic ovoid
structure adjacent to bile duct. Such cystic duct
mucoceles develop in a small minority of trans-
planted livers.

Acute biliary complications are usually eval-
uated by cholangiography. The role of US is con-
troversial. In general, an abnormal US finding is
predictive of biliary obstruction with a high
specificity, but normal US findings do not
exclude a biliary stricture or bile leakage.

Chronic: A biliary stricture is the most
common long-term complication after liver
transplantation. Stenoses occur most often in
the recipient common bile duct, followed by the
donor liver common bile duct  and anastomotic
site. Nonanastomotic strictures presumably are
secondary to ischemia. Stones develop proximal
to some stenoses.

Magnetic resonance cholangiopancreato-
graphy is a viable option in detecting late biliary
complications. More invasive biliary procedures
are then reserved either if MRCP does not
define underlying anatomy or if interventional
procedures are contemplated.

Biliary strictures are readily dilated using
interventional radiology techniques. Although a
success rate up to 90% can be achieved in dilat-
ing these strictures, they tend to recur. The
success rate of dilating restenoses is generally
lower than for an initial stenosis, and stents
should be considered in this setting. Although
some stents do obstruct by sludge and debris,
their patency can be maintained by various
interventional maneuvers.

Intrabiliary defects consist of sludge, stones,
and necrotic debris.

Surprisingly, cholangitis is not common. Pan-
creatitis is rare.

Vascular Complications

Arteriography is the accepted gold standard in
evaluating vascular complications, although both
CT and US detect some complications. Multislice
3D CT angiography with volume rendering, in
particular, is a promising approach in these
patients. Currently, however, for suspected vascu-
lar complication Doppler US is more common
than CT or MR. For therapeutic interventions an
angiographic approach is necessary.

Magnetic resonance angiography is assuming
a greater role in evaluating vascular anasto-

Figure 7.52. Appearance of a choledochocholedochostomy
after liver transplantation. Two cystic duct stumps are evident,
with a choledochal tube inserted into the proximal (transplant)
one.
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moses. 3D gadolinium-enhanced MR readily
identifies vascular complications detected by
angiography or surgery, in one study reaching
100% sensitivity but only 74% specificity in
detecting >50% hepatic artery stenoses (166).

Arterial Complications: The most common
posttransplant vascular complication is hepatic
artery thrombosis. Uncorrected, in most
patients thrombosis leads to fulminant sepsis,
liver infarction, necrosis, and graft loss. Patients
with interposition of an allogeneic iliac graft or
anastomosis to an aberrant right hepatic artery
appear prone to develop hepatic artery throm-
bosis. Thrombosis can occur early or even as
late as a year after transplantation. Clinically,
some but not all these patients have elevated
liver transaminases, sepsis, recurrent cholangi-
tis, or gas within the liver. Transcapsular arterial
collateral vessels tend to develop after hepatic
artery occlusion.

Computed tomography detects most hepatic
artery thromboses. Also, CT tends to identify 
an irregularly shaped hypodense region both
pre- and postcontrast; some of these patients
develop necrosis and biliary ischemia, findings
not specific for hepatic artery thrombosis but
they should suggest further investigative pro-
cedures. Although some studies have shown
Doppler US and CT sensitivities and specifi-
cities to be roughly comparable, one problem
with US is that the hepatic artery is often incom-
pletely visualized. The combined use of color
and power Doppler US are helpful. At times the
lack of hepatic artery visualization, even after

Levovist injection, is due to artery occlusion.
Nevertheless, some authors have expressed
caution on relying on US, with false-positive or
-negative results being due to rejection, recur-
rent hepatitis, aberrant vascular anatomy,
hypotension, presence of collaterals, and other
reasons.

Color Doppler US detection of transcapsular
collateral flow or hepatic artery flow in the
wrong direction should raise suspicion for
hepatic artery thrombosis.

An occasional patient with hepatic artery
thrombosis and hepatic infarction does not
undergo retransplantation. Ultrasonography in
these patients shows hypoechoic regions with
preservation of portal tracts; these changes
either resolve or progress to infarction, seen as
local hyperechoic regions. Eventually these
patients develop biliary strictures, bilomas,
abscesses, and calcifications.

Hepatic artery stenosis tends to be more insid-
ious than thrombosis and is most common at the
anastomosis; it results in an increase in flow
velocity; at times turbulent flow is detected.
Abnormal Doppler US values for both resistive
indexes and systolic acceleration times are more
accurate predictors of stenosis than either one
alone as an independent parameter. Hepatic
artery stenoses, either at the anastomosis or at
other sites, are amenable to percutaneous trans-
luminal balloon angioplasty (Figs.7.53 and 7.54).
Complications of balloon angioplasty include
artery spasm, pseudoaneurysm and rupture.
An aortohepatic artery graft (Fig. 7.55) or

Figure 7.53. Hepatic artery stenosis in a transplanted liver. A: A stenotic (arrow) hepatic artery originates as a branch of the supe-
rior mesenteric artery. B: Hepatic artery has an essentially normal caliber after stent insertion. (Courtesy of Oscar Gutierrez, M.D., Uni-
versity of Chile, Santiago, Chile.)
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Figure 7.54. A: Multiple hepatic artery stenoses (arrows) in a transplanted liver. B: Improvement in artery caliber after angioplasty.
(Courtesy of Oscar Gutierrez, M.D., University of Chile, Santiago, Chile.)

A B

Figure 7.55. Occluded aortohepatic artery graft in a liver trans-
plant. A: Aortogram reveals no hepatic artery flow. B: Occluded
graft is partially recanalized after initial thrombolytic therapy. C:
Good intrahepatic artery filling after end of thrombolytic therapy.
(Courtesy of Oscar Gutierrez, M.D., University of Chile, Santiago,
Chile.)

A B

C
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retransplantation are necessary if angioplasty is
not successful. In a rare liver transplant ischemia
develops secondary to an increased hepatic
artery resistive index and increased splenic
artery blood flow without evidence of a stenosis;
some of these patients benefit from splenic
artery embolization with coils.

Aneurysms occur at hepatic artery anasto-
moses. Aneurysm rupture leads to hemobilia,
hemoperitoneum, or gastrointestinal tract
bleeding. Ultrasonography reveals a cystic
tumor. An aneurysm is suggested if this tumor
communicates with the hepatic artery; other-
wise the appearance mimics any other fluid 
collection. Doppler US is helpful in detecting
internal blood flow, if present.

Splenic artery aneurysms are associated with
portal hypertension. They are identified in
about 15% of liver transplant patients.

Does hepatic arterial chemoembolization for
hepatocellular carcinomas before orthotopic
liver transplantation influence posttransplant
hepatic arterial complications? Among 47
patients who underwent hepatic arterial
chemoembolization pretransplantation, 13%
developed hepatic arterial complications after
transplantation (and an 8% prevalence of
hepatic arterial thrombosis), while among con-
trols 6% developed hepatic arterial complica-
tions (and 5% prevalence of hepatic arterial
thrombosis) (167); the authors concluded that
pretransplantation hepatic artery chemother-
apy is not a risk factor for posttransplantation
hepatic artery complications.

Venous Complications: The most common
venous complication is portal vein thrombosis
or stenosis and resultant extrahepatic portal
hypertension. These patients develop ascites
and variceal bleeding, at times life threatening.

The entire portal vein length needs to be 
visualized by real-time US to detect portal vein
stenosis. Pressure gradients across a stenosis
can be calculated from observed Doppler US
velocities. Angiography verifies US findings.
Transhepatic portal venography serves as a
guide for balloon venoplasty of a stenotic
segment. Occasionally an intravascular stent is
necessary (Fig. 7.56). Surgical reconstruction is
necessary only in a minority of these patients.

Percutaneous transhepatic balloon veno-
plasty was successful in 76% of children and
adolescents with anastomotic portal vein
stenoses in a setting of reduced-size hepatic

transplantation (168); portal vein occlusion pre-
vented portal vein access in the other 24%.

Inferior vena caval stenosis and hepatic vein
stenosis is less common than portal vein
involvement. It has led to Budd-Chiari syn-
drome. In some hands percutaneous translumi-
nal angioplasty has had limited success, but
others have found balloon angioplasty to be safe
and effective in treating these chronic stenoses,
and still others have achieved long-term angio-
plasty success only in combination with stent-
ing (Fig. 7.57).

CT evaluates hepatic venous congestion after
living donor liver transplantation; decreased
contrast enhancement during CT portal venous
phase correlates with severity of hepatic venous
congestion and increased serum bilirubin level
(169).

Postbiopsy

Complications of liver biopsy posttransplant
include hemoperitoneum, hemothorax, pneu-
mothorax, arterioportal fistula, and possible
infection.

The overall prevalence of severe liver biopsy
complications in posttransplant patients is
similar to that found in patients without trans-
plantation; posttransplant patients, however, are
more prone to bleeding complications.

Malignancy/Lymphoproliferative Disorder

After liver transplantation and associated
immunosuppression these patients are at
increased risk for developing malignancies. In
patients surviving more than several months
posttransplantation, about 5% will develop a
new tumor. Lymphoma is most common, at
times being discovered within several months of
transplantation. Of nonlymphoid cancers, skin
cancer is the most common; other new tumors
consist of a broad spectrum and include 
gastrointestinal adenocarcinomas, genitouri-
nary cancers, laryngopharyngeal carcinomas,
Kaposi’s sarcoma, and malignant melanoma.
Some of these carcinomas grow rapidly after
liver transplantation.

After orthotopic liver transplantation, a hepa-
tocellular carcinoma recurs most often in lungs
or in transplanted liver; it can be single or mul-
tiple. In these immunosuppressed patients CT is
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Figure 7.56. Portal vein stenosis 3 months after liver transplant.
A: Percutaneous transhepatic portography reveals a stenosis at
the portal vein anastomosis (arrow). B: A Wallstent is inserted into
the portal vein through the stenosis. C: anastomosis is patent
through the stent with good blood flow. (Courtesy of Oscar 
Gutierrez, M.D., University of Chile, Santiago, Chile.)
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Figure 7.57. Hepatic vein stenosis in a transplanted liver. A: Hepatic venogram identifies severe stenosis at its junction with the infe-
rior vena cava (arrow). B: Good drainage is evident after stent insertion (arrow). (Courtesy of Oscar Gutierrez, M.D., University of Chile,
Santiago, Chile.)
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more sensitive than serum tumor markers in
detecting recurrence. Nevertheless, if a patient
undergoes a liver transplant for a hepatocellular
carcinoma and then develops a carcinoma in 
the allotransplanted liver, what is the origin 
of the second carcinoma? Generally recurrence
of the original carcinoma is suspected, but proof
can be obtained from carcinoma, transplanted
liver, and recipient DNA to establish whether the
carcinoma DNA is similar to or differs from the
patient’s and donor liver DNA.

Computed tomography abnormalities are
evident in most patients with proven posttrans-
plantation lymphoproliferative disorder, with
extranodal disease being more common than
splenic involvement or adenopathy (170); extra-
nodal involvement included liver (53%), small
bowel (25%), kidney (17%), mesentery (14%),
and to a lesser degree adrenal glands, abdomi-
nal wall, colon, stomach, and gallbladder.
A poorly marginated periportal infiltrate can
encase the adjacent bile ducts and blood vessels.
Serologic evidence of exposure to Epstein-Barr
virus is often evident in these patients.

Other Biliary Complications

Primary biliary cirrhosis recurs in some trans-
planted livers. It should be kept in mind that
aside for recurrence of their disease these
patients also develop other, similar appearing,
complications. Thus chronic graft rejection 
can mimic recurrence of primary biliary 
cirrhosis.

Postoperative immunotherapy does not sup-
press underlying inflammatory bowel disease;
in fact, reactivation of inflammatory bowel
disease and growth of colon cancer have been
reported after liver transplantation.

Reported recurrence of hepatitis C infection
after orthotopic liver transplantation ranges
from about 60% to almost universal, with
varying clinical severity. Some patients develop
severe cholestatic hepatitis. The long-term
sequelae of recurrent infection include scarring
and progression to end-stage liver disease.
Interferon antiviral therapy appears of benefit.
Posttransplantation diabetes occurs more often
than expected in those patients who had hepa-
titis C before their transplantation.

A retrospective review of 4001 of orthotopic
liver transplantations found 48 bowel obstruc-

tions (171); etiology included adhesions, bowel
ischemia, internal and external hernias, and
volvulus. Obstructions due to internal hernias
were transmesenteric or retroanastomotic and
were related to choledochoenteric anasto-
moses. Neoplastic bowel obstruction included
posttransplant lymphoproliferative disease 
and even an unsuspected colon carcinoma.
Bowel obstruction tends to be difficult to 
diagnose in these patients mostly due to low
suspicion and thus the lack of appropriate
imaging studies.

Posttransplantation pancreatitis is 
uncommon.

These patients are prone to Candida liver
abscesses, even years after liver transplantation.
Hepatic abscesses are treatable by percutaneous
drainage.

Pulmonary and soft tissue calcifications have
developed in transplant patients with severe
cytomegalovirus infection.

Gilbert’s syndrome and transplantation of a
liver containing an inborn error of metabolism
should be suspected if unconjugated bilirubin
levels remain elevated in the face of normal liver
enzymes.

In Children

In children, biliary complications consisting 
of biliary obstruction or leak occur during the
first several weeks after transplantation. Ascites
is not uncommon in children after liver 
transplantation.

The prevalence of vascular complications
appears to be greater in children than in adults.
Hepatic artery thrombosis is the most serious
complication in children, occurring in almost
10%; portal vein thrombosis is less common.
Surgical edema has led to an increase in intraab-
dominal pressure to the point of hepatic artery
or portal vein compression or occlusion.Various
biliary complications are similar to those seen
in adults.

Children are typically initially followed with
daily Doppler US. As in adults, Doppler US eval-
uates vascular patency; a sensitivity of over 90%
is achieved in showing a patent hepatic artery
and portal vein. Computed tomography serves
to detect suspected liver parenchymal ischemia
and abscesses.
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Rare posttransplant leiomyosarcomas appear
to be more common in pediatric hepatic allo-
graft patients than in adults.

Liver Cell Transplantation

Transplanted hepatocytes remain viable and
function on a long-term basis. Preliminary
studies suggest that such transplantation is
useful for some familial hyperbilirubinemia
conditions, but little clinical data is available.

Bone Marrow Transplantation
Liver veno-occlusive disease is an ominous
complication after bone marrow transplanta-
tion, usually developing shortly after transplan-
tation. Among 100 patients receiving total body
irradiation or busulfan therapy followed by
hematopoietic stem cell transplantation, 25%
developed hepatic veno-occlusive disease and
9% died (172).

A hepatic artery resistive index below 0.55
suggests liver dysfunction in children under-
going bone marrow transplantation, but
whether duplex US is sufficiently accurate in
diagnosing veno-occlusive disease is not clear.

Hepatectomy/Embolization
The ability of the liver to regenerate was already
known to ancient Greeks. In response to injury
and influenced by a number of factors, the most
important being hepatocyte growth factor,
hepatocytes have an ability to divide and grow.
Regeneration is a rapid process, peaking within
several weeks and then gradually slowing. Such
regeneration is most obvious after a partial
hepatectomy, but also occurs after segmental
portal vein obstruction and atrophy of involved
segments. This phenomenon can be used to
advantage prior to major resection by per-
forming portal vein embolization; atrophy of
embolized segments induces enlargement of
remaining nondiseased segments. Such portal
vein embolization is most often performed 
if initial residual nondiseased liver tissue is
deemed to be insufficient to permit a major
resection. Either a percutaneous transhepatic
approach or surgical cannulation of a portal
vein branch, such as the superior mesenteric
vein, is used. Coils, iodized oil, and other agents

serve as embolic agents. Portal blood flow to
noninvolved liver, measured by Doppler US,
increases markedly after embolization and then
approaches baseline within 2 weeks or so;
parenchymal enlargement is directly related to
increased portal blood flow.

The amount of liver tissue necessary for 
survival after a partial hepatectomy is not 
established, but it varies with the degree of
underlying liver disease.

Examination Complications
Vascular Procedures
Patients with atherosclerosis undergoing vascu-
lar surgery or arterial catheterization proce-
dures are at risk for cholesterol crystal
embolization. In the liver such embolization has
led to focal necrosis. Usually multiple organs are
involved.

Thorotrastosis
Clinical

The use of radioactive a-emitting colloid
thorium dioxide (Thorotrast) as a contrast
agent during the 1930s to 1950s is associated
with numerous malignancies, including
angiosarcoma, cholangiocarcinoma, and hepa-
tocellular carcinoma. Synchronous cancers 
have developed. In addition, a-emissions cause
extensive liver and spleen fibrosis and liver cir-
rhosis. Thorium 232 has a half-life of 1.4 ¥ 1010

years and after intravascular injection is stored
in reticuloendothelial cells.

A German Thorotrast study group was
started in 1968 and includes 2326 Thorotrast
patients (173); through 1999, 454 primary liver
cancers have been registered, compared to three
in a control group. A correlation exists between
mean accumulated liver dose and risk of liver
cancer, being about 600 per 10,000 persons for a
liver exposure of 1 Gy.

Imaging

Thorotrast liver and spleen deposits are readily
visualized with conventional radiography. Com-
puted tomography shows Thorotrast as high-
density collections in the liver, spleen, and, at
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times, in lymph nodes. Ultrasonography reveals
a heterogeneous echo pattern.

With MRI, the spleen contrast-to-noise ratio
on T1-weighted images is lower than normal.
Actual Thorotrast deposits are not seen on MRI,
but MRI is useful in detecting Thorotrast-
induced liver and biliary tumors.
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Technique
Cholangiography
Intravenous

Although intravenous (IV) cholangiography
currently is rarely performed in the United
States, in some European countries and Japan it
is part of a preoperative workup for suspected
stones. Computed tomography (CT) drip infu-
sion cholangiography, however, has supplanted
this procedure considerably.

Endoscopic Retrograde Cholangiography

Endoscopic retrograde cholangiography (ERC)
has evolved into a major diagnostic and thera-
peutic modality. It is a common method for per-
forming diagnostic cholangiography, followed 
if necessary by sphincterotomy, biliary stone
extraction, stent insertion for biliary decom-
pression, or biopsy. Disadvantages are that it is
very operator dependent, the cholangiographic
image quality is often poor, and more complex
therapeutic modalities are available only in
certain centers. Although the final diagnosis is
image based, in many institutions quality
control is limited and little radiologist involve-
ment is evident.

Cholangiography establishes the presence of
a biliary obstruction. A subtle partial obstruc-
tion, however, can be missed with cholangiog-
raphy, regardless of how it is performed.

Computed Tomography

Development of multislice CT has led to a major
improvement in bile duct visualization. Two-
and three-dimensional (3D) bile duct recon-
structions can be obtained without the use of
a cholangiographic agent in a majority of
patients, although a biliary contrast agent does
improve bile duct visualization and is often
employed. Either a cholecystographic or a
cholangiographic contrast agent is used, result-
ing in cystic duct visualization in a majority of
patients. The study is performed during a single
breath hold, and CT data are then reconstructed
to obtain a variety of images: multiplanar recon-
struction and volume rendering images. These
images can then rotated and viewed from a
number of directions.

Bile CT attenuation is 0 to 30 Hounsfield units
(HU). Water absorption by gallbladder mucosa
changes bile concentration (specific gravity)
considerably. Likewise, the presence of sludge,
calcium, or contrast material increases bile
attenuation.

Computed tomography 10 to 12 hours after
oral administration of a cholecystographic 
contrast agent (iopanoic acid) visualizes extra-
hepatic and major intrahepatic bile ducts in
most individuals even after a cholecystectomy
(1,2); 3D volume rendering reconstructions aid
in evaluating the bile ducts, including assessing
position of surgical clips in patients with postc-
holecystectomy syndrome.

Another approach is slow infusion of intra-
venous cholangiographic contrast and CT per-
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formed 30 to 60 minutes after infusion. Resul-
tant biliary images are superior to those
obtained with conventional intravenous cholan-
giography. Such studies yield good-quality
studies even in children.

Indications for CT cholangiography are still
evolving. Preliminary evidence suggests that 
CT cholangiography is somewhat superior to
MRCP in visualizing small biliary stones. The
test is not useful in jaundiced patients because
insufficient contrast is excreted into the bile
ducts.

Magnetic Resonance

Magnetic resonance (MR) is discussed in more
detail in Chapter 7. A fast spin echo (FSE)
sequence separates solid from fluid-containing
structures. Nonflowing fluid–filled structures
such as bile ducts are hyperintense on FSE T2-
weighted images, while a solid structure is
hypointense. A fat-suppression technique helps
accentuate bile ducts and related structures and
is often employed.

Bile ranges from hypo- to hyperintense on
T1-weighted sequences, approaching water
intensity when dilute and becoming hyperin-
tense when concentrated. At times a fluid–fluid
layer is apparent, with the more concentrated
hyperintense bile being dependent.

A potentially useful modality is intrabiliary
MRI. An internal receiver coil, commercially
available and used for esophageal and other
internal structure MR imaging, is passed through
a biliary tube into the region in question.

Magnetic resonance cholangiopancreatogra-
phy is a noninvasive imaging technique of
visualizing the biliary and pancreatic ducts.
Resultant images are similar to those obtained
with endoscopic retrograde cholangiopancre-
atography (ERCP), and MRCP is evolving as an
alternative both to diagnostic ERCP and diag-
nostic percutaneous cholangiography (Fig. 8.1).
An obvious sequela after introduction of MRCP
has been obviation of much of diagnostic ERCP.
Magnetic resonance cholangiopancreatography
is feasible after a choledochojejunostomy.

Two MR approaches are feasible to visualize
bile ducts: an intravenous contrast-assisted
technique and a technique without contrast by
using heavily T2-weighted images to make 
nonflowing fluid (i.e., bile) hyperintense to 
surrounding structures.

A contrast-assisted technique is feasible
because such IV contrast agents as manganese
(II) N,N’-dipyridoxylethylenediamine-N,N’-
diacetate-5,5’-bis phosphate (Mn-DPDP) and
gadolinium ethoxybenzyl diethylene-triamine-
pentaacetate (Gd-EOB-DTPA) are taken up by
hepatocytes and excreted (secreted) into bile
ducts. Using T1-weighted sequences, resultant
contrast-containing bile is hyperintense, and 
the gallbladder and bile ducts are then visu-
alized using 2D or 3D image manipulation tech-
niques. The major limitation of this procedure,
similar to previously popular intravenous
cholangiography, is that reasonable hepatocyte
function is required to accumulate enough
biliary contrast to be visualized. Thus in a
setting of jaundice due to bile duct obstruction
and impaired hepatic function—a common sce-
nario—this technique is unsatisfactory. On the
other hand, in a postoperative patient, contrast-
MRCP appears superior to noncontrast-MRCP
in detecting subtle biliary leaks.

Bile ducts can be opacified if an indwelling
biliary tube is in place. A simple technique is
injection of dilute Gd-DTPA and the use of T1-
weighted sequences. Or bile ducts can be dis-
tended with saline rather than gadolinium.

A contrast-less technique has attracted most
attention and is commonly called MR cholan-
giopancreatography (MRCP). This technique is
possible because by using heavily T2-weighted

Figure 8.1. Normal magnetic resonance (MR) cholangiography
in a patient with suspected pancreatitis. (Courtesy of Patrick
Fultz, M.D., University of Rochester.)
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pulse sequences, stationary fluid has a high
signal intensity while surrounding soft tissues
are suppressed and appear hypointense. Bile has
a prolonged T2 relaxation time, compared to
surrounding soft tissues, and thus on heavily
T2-weighted sequences bile and pancreatic
secretions are bright, surrounded by dark 
background tissue. Also, with heavily T2-
weighted pulse sequences flowing blood has low
to no signal, similar to solid structures. Thus
blood vessels are not visualized with this 
technique.

Initial work with MRCP involved a heavily
T2-weighted gradient echo sequence providing
a steady state of free precession (SSFP) signals,
and this technique appeared promising in the
early 1990s. A limitation of this technique is the
inability to visualize small fluid collections, to
the point that normal bile ducts and pancreatic
ducts are not seen. Another limitation is the rel-
atively long scanning time required and the
resultant motion artifacts.

A non–breath-hold heavily T2-weighted 2D
FSE sequence was refined in the mid-1990s. The
FSE sequences are less sensitive to motion and
even nondilated ducts are routinely visualized.
The 3D FSE uses thinner slices than is possible
with 2D sequences, improving image quality.
Other improvements include use of surface
coils, a fat saturation technique, and image
acquisition during quiet respiration.

Comparing 3D SSFP and 2D FSE imaging in
patients with bile duct obstruction, FSE visual-
izes more extrahepatic and intrahepatic bile
ducts than SSFP; likewise, the pancreatic duct is
better seen with FSE.

The use of rapid acquisition with relaxation
enhancement (RARE) and half-Fourier acquisi-
tion single-shot turbo spin echo (HASTE) 
techniques allows imaging during a single
breath-hold. The HASTE sequence with MRCP
has been refined to the point that one slice can
be obtained in 2 seconds. A limitation of this
technique is that slice thickness is greater than
achievable with the FSE sequence. Whether
better definition of selective respiratory trig-
gered 3D turbo spin echo (TSE) outweighs 
the simplicity of breath-hold single-shot MRCP
is not clear, but both techniques define bile
ducts.

Magnetic resonance cholangiopancreatogra-
phy is feasible even with a 0.2-tesla (T) unit.
Fewer stones are detected with such a low field

unit compared to a 1.5-T unit, but obstructive
sites can be identified. A 0.5-T magnet can iden-
tify biliary obstructions and detect over 90% of
stones.Acquisition times with MRCP performed
using a midfield unit range up to 5 minutes or
longer, depending on the resolution desired.

Some radiologists employ tap water as an oral
contrast agent, but removing gastrointestinal
tract fluid signals from MRCP images by using
a negative oral contrast agent is preferred.
Barium sulfate, iron gluconate, iron oxide
agents, ferric ammonium citrate, and similar
agents improve bile duct visualization.

Magnetic resonance cholangiopancreatogra-
phy is technically difficult in children. However,
IV sedation often suffices for MRCP, while ERCP
in children requires general anesthesia. The
MRCP success rates in children average about
80% to 90%, similar to those for ERCP.
Non–breath-hold one-shot MRCP appears
advantageous in children.

Initially, MRCP was advocated for patients
with a failed ERCP. Some enthusiastic resear-
chers have touted MRCP accuracies of 100% in
identifying pancreaticobiliary disease, but in
the process causing more harm than good for
this procedure. Yet even more critical analyses
have achieved high sensitivities and specifici-
ties. A 3D FSE technique can provide diagnos-
tic-quality images in over 90% of patients,
detecting bile duct dilation, strictures, and
intraductal abnormalities. Both coronal images
and 3D images rotated at different angles are
useful. An axial plane tends to better outline the
most distal common bile duct and pancreatic
duct segments. Both dilated and nondilated
extra- and main intrahepatic bile ducts are rou-
tinely imaged with MRCP. More peripheral
normal side branches usually are not visualized.

In patients with suspected bile duct obstruc-
tion, MRCP initially achieved about 75% sensi-
tivity and 75% specificity in diagnosing
obstruction but did not detect stones <3 mm in
diameter if the bile ducts were not dilation (3).
These rather pessimistic results were later bal-
anced by a number of more positive studies:
which achieved sensitivities approaching 100%
and specificities >90% in detecting biliary or
pancreatic duct obstruction. In a typical study,
MRCP detects all obstructions due to stones >3
mm in patients after failed or inadequate ERCP,
yielding an overall sensitivity and specificity of
over 95% (4).
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Small calculi tend to be masked by partial
volume averaging, a condition partly overcome
by thinner collimation. Thin sections are also
useful in evaluating strictures and bilioenteric
anastomoses. The relevance of periportal edema
in bile duct wall visualization is not clear.

Current indications for MRCP are an unsuc-
cessful ERCP, a contraindication for ERCP, preg-
nancy, or prior anastomosis precluding ERCP
access. More indications continue to be added,
however, and some investigators predict that
MRCP will replace ERCP for most diagnostic
questions and ERCP will be relegated to a ther-
apeutic role. The primary advantages of MR
cholangiography over ERCP are its noninvasive
nature, more reproducible results (i.e., less 
operator dependent), no sedation required,
and the ability to outline ducts proximal to an
obstruction.With suspected biliary obstruction,
MRCP often not only confirms an obstruction
but also identifies the level and suggests an 
etiology.

Current limitations to better MRCP duct visu-
alization are motion artifacts, surgical clips
close to the ducts, and artifacts such as air
bubbles within ducts. Currently, spatial resolu-
tion of MRCP is inferior to that obtained with
technically excellent ERCP, although it is proba-
bly on a par with or better than some of the sub-
optimally calibrated digital ERCP systems in use
in a number of institutions. Spatial resolution of
some MR units limits its role in characterizing
bile duct stenoses and in visualizing papilla of
Vater tumors. Subtle changes of sclerosing
cholangitis or primary biliary cirrhosis are not
evident. False-positive results, including an
appearance resembling a stricture, are produced
by imaging artifacts, and to minimize them
optimal image manipulation is crucial.

Percutaneous Transhepatic Cholangiography

For a percutaneous approach to right lobe ducts,
most radiologists use fluoroscopic guidance. If
access to a left lobe duct is desired, a combina-
tion of US and fluoroscopy is convenient. Prior
liver CT, especially with contrast enhancement,
provides useful guidance for needle placement
and subsequent biliary drainage.

Overlap of some intrahepatic ducts tends to
limit their visualization. Generally by turning
the patient into an oblique position duct overlap
can be minimized; it is often more convenient to

rotate the x-ray tube-image intensifier assembly
(if feasible) rather than the patient to achieve
similar results.

Operative Cholangiography

Operative cholangiography is discussed under
the respective therapies in the Acute Cholecys-
titis section. During laparoscopic cholecystec-
tomy, cholangiography is typically performed
by cannulating the cystic duct. Gallbladder
puncture and contrast injection into the gall-
bladder instead of cystic duct cholangiography
results in worse bile duct visualization and
common duct stone detection.

T-Tube Cholangiography

Placement of an intraoperative T-tube allows
routine postoperative T-tube cholangiography.
Commonly these patients are placed on pro-
phylactic antibiotic therapy. Is such therapy
necessary? The literature provides limited guid-
ance. In the United States a hand-held syringe
injection technique is generally used to perform
T-tube cholangiography. In Europe an infusion
technique is preferred.

Other Techniques

In some patients ERCP is technically not feasi-
ble. One proposed approach in such a situation
is the use of endoscopic ultrasonography (US)
to locate the common bile duct and guide a
transduodenal aspiration needle into the duct.

Ultrasonography
Prior to laparoscopic cholecystectomy, conven-
tional US readily detects gallstones, a gan-
grenous gallbladder, and abnormalities in
adjacent structures. It not only determines the
caliber of intra- and extrahepatic bile ducts, but
also occasionally detects anomalous ducts and
their insertions. Prior to initiating oral bile acid
therapy, cystic duct patency can be inferred
from US performed before and after a fatty
meal.

In endoscopic US a transducer placed in the
distal portion of the descending duodenum out-
lines periampullary structures and portions of
the pancreatic head. The distal common bile
duct and main pancreatic duct can be visual-
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ized. The more superior portion of the pancre-
atic head, gallbladder, cystic duct, and common
bile duct are studied through the duodenal bulb.
Compared to conventional US, the higher fre-
quencies used in endoscopic US provide good
resolution of near objects, but more distal porta
hepatis structures are poorly visualized. Also,
an enlarged or calcified pancreatic head limits
common bile duct visualization.

Miniaturized probes are available for endolu-
minal bile duct US. A probe is introduced tran-
shepatically if a percutaneous biliary drain is in
place, through a surgically inserted T-tube, or
through a duodenoscope into the bile ducts.
Probes 2.0 mm in diameter use a frequency of
about 20 MHz, achieving a spatial resolution of
<1 mm. Intraluminal, intramural, and adjacent
structures are readily visualized. Such intralu-
minal US has limited depth penetration and
should be combined with other imaging tech-
niques for nodal and metastatic staging.

Preliminary results of 3D intraductal US are
promising.

An US probe has been introduced into the
gallbladder using an endoscopic transpapillary
approach; a guidewire through the papilla aids
probe insertion. An intraductal sonographic
probe can be inserted into the gallbladder
fundus in a majority of patients, but indications
for this study are not clear.

Oral Cholecystography
Oral cholecystography (OCG) was the tradi-
tional imaging study for detecting gallbladder
abnormalities, but with the introduction of US
and scintigraphy it has almost disappeared. A
nonopacified gallbladder after two consecutive
contrast doses was considered evidence of gall-
bladder disease, assuming that extrabiliary
causes for nonopacification are excluded. The
earlier literature suggesting an accuracy rate for
OCG of almost 100% was overoptimistic; never-
theless, OCG is accurate when stones are clearly
visible in a contrast opacified gallbladder.
Overall, the accuracy of OCG is probably close
to 80% to 90%.

Currently the primary role for OCG is as a
supplement to cholecystosonography or cho-
lescintigraphy in those patients for whom the
latter studies do not show a gallbladder abnor-
mality in the face of strong clinical suspicion of

underlying disease. In addition, in patients con-
sidered for extracorporeal gallstone lithotripsy,
OCG has a role in counting the number of
stones present, determining their size, and
establishing cystic duct patency.

Cholangioscopy
While an endoscopic approach to the bile ducts
is preferable, occasionally this technique is 
not feasible. Percutaneous transhepatic cholan-
gioscopy provides biliary access and allows
direct duct visualization, cholangiography, and
biopsy.

Cholangioscopy can be performed for
lithotripsy of biliary stones.

Scintigraphy
Magnetic resonance cholangiopancreatography
and ERCP provide bile duct morphology while
cholescintigraphy primarily evaluates function.
These tests are thus complementary and,
depending on clinical indications, at least 2 of
these are often necessary for adequate biliary
evaluation.

A number of iminodiacetic acid (IDA) tracer
compounds are in use worldwide for cho-
lescintigraphy, but in the United States 
technetium-99m-DISIDA and Tc-99m–BrIDA
are available. Intravascularly, these compounds
bind to albumin, are taken up by hepatocytes,
are excreted into bile canaliculi, and appear in
extrahepatic bile ducts 30 minutes or so after
injection. In most patients small bowel activity
is evident within 60 minutes.

The relative amounts of tracer flowing into
the duodenum and gallbladder depend on
sphincter of Oddi pressure and gallbladder
tonicity. Pharmacologic agents modify flow to
either the gallbladder or the duodenum. For
instance, morphine sulfate induces sphincter of
Oddi contraction and thus tracer flow is prefer-
entially into the gallbladder. Likewise, IV chole-
cystokinin (CCK) is indicated to contract the
gallbladder prior to cholescintigraphy in fasting
patients and as an aid for suspected sphincter of
Oddi dysfunction or acalculous cholecystitis. In
a setting of a dilated duct, CCK aids in exclud-
ing an obstruction.

Cholecystokinin also provides data for meas-
uring gallbladder ejection fraction. An ejection
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fraction of <35% suggests chronic cholecystitis.
Infusion over 30 or 60 minutes is required 
to establish reproducible results; shorter infu-
sions lead to erratic results. One should keep 
in mind that a number of pharmacologic 
agents affect gallbladder ejection fraction;
for instance, morphine decreases gallbladder 
ejection fraction.

It is unusual to see gallbladder uptake of
bone-seeking radiopharmaceutical agents.
Some patients undergoing whole-body bone
scanning during chemotherapy, however, have
an intense gallbladder uptake; after completion
of chemotherapy, gallbladder uptake ceases.
Presumably such uptake is secondary to the
chemotherapy regimen employed rather than to
underlying gallbladder disease.

Some patients undergoing lung perfusion
studies with Tc-99m–macroaggregated albumin
(MAA) have measurable gallbladder activity.

Occasionally delayed whole-body iodine 131
imaging visualizes focal radioactivity in a
dilated intrahepatic duct, suggesting a metasta-
sis; other imaging should differentiate these
conditions.

Biliary Drainage
The biocompatibility of catheter material and
bile mucosa is an ongoing research topic and
beyond the scope of this book. The main 
problems encountered in clinical practice are
erosions, mucosal hyperplasia, catheter en-
crustation, and obstruction during chronic
drainage.

Biliary drainage is performed primarily to
relieve an obstruction. In acute cholangitis
urgent biliary drainage is generally initiated
using an endoscopic approach and, if necessary,
a sphincterotomy and stone extraction are per-
formed during the same procedure. Some criti-
cally ill patients, deemed potentially unstable to
be moved to a fluoroscopy suite, have had endo-
scopic biliary drainage performed either under
sonographic guidance or blindly. Drainage
through a nasobiliary catheter is preferred;
the bile ducts are decompressed manually and
ready catheter access allows cholangiography.

Controversy continues on the relative merits
of endoscopic versus percutaneous biliary
decompression for biliary obstruction. In a
number of hospitals the choice depends on the

relative expertise of the interventionalists and
endoscopists involved and on the suspected
obstruction etiology. Especially with high
biliary obstructions (at porta hepatis or hepatic
duct), percutaneous drainage tends to have an
overall greater success rate than endoscopic
drainage. Also, percutaneous biliary drainage
can achieve decompression after failed endo-
scopic drainage, but endoscopic drainage is not
often attempted after failed percutaneous
drainage.

Most percutaneous biliary drainage is per-
formed using fluoroscopic or US guidance (or
both) and a right lateral approach. Left lobe
biliary drainage is also feasible if a bile duct can
be localized with US guidance. An open low-
field strength MR unit using near real-time
imaging also provides needle positioning guid-
ance. Percutaneous biliary drainage can achieve
a high success rate in patients even with non-
dilated bile ducts. Success rates range from 50%
to 90%. Only one puncture is necessary in 
most patients during percutaneous transhepatic
biliary drainage when color Doppler US pro-
vides guidance.

Percutaneous cholecystostomy consists of
percutaneous catheter insertion into the 
gallbladder using imaging guidance. It is an
alternative to surgical cholecystostomy, espe-
cially in high risk patients with acalculous
cholecystitis.

At times biliary access is necessary in a
patient after creation of a choledochojejunos-
tomy and Roux-en-Y jejunojejunostomy and an
antegrade approach is not feasible. In these
patients percutaneous retrograde transjejunal
cholangiography is an option, especially if the
surgeon has provided superficial Roux-en-Y
loop fixation. In fact, surgeons should be
encouraged to perform superficial fixation of
Roux-en-Y loops for biliary-enteric anasto-
moses to allow future access for biliary 
interventions.

Most duct localization is performed with an
iodinated contrast agent. CO2 cholangiography
can also be performed and occasionally a duct
segment not visualized with iodinated contrast
is outlined by CO2. In most studies, however, CO2

offers little advantage.
An MRCP is feasible with a stent in place,

but the results are often unsatisfactory. An
indwelling polyethylene stent lumen is visible
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with MRCP, but artifacts obliterate cobalt alloy
and most nitinol stent lumina (5).

In a setting of distal bile duct obstruction,
percutaneous biliary drainage diverts bile away
from the gut. A patient’s nutritional status can
be improved by reintroducing this bile to the
jejunum through either a nasogastric tube or a
jejunal catheter passed through a gastrostomy.

Bile cytology obtained at the time of
biliary drainage is a useful adjunct. In con-
secutive patients with presumed malignant
biliary strictures undergoing percutaneous
biliary drainage, single specimen bile cytology
achieved a sensitivity of 15% and specificity of
100% (6); in spite of the low sensitivity, the sim-
plicity of this procedure argues for its continued
use. Bile culture is also useful during 
percutaneous biliary drainage. Fever, previous
biliary instrumentation, and bile duct surgery
are predictors of a positive bile culture, with the
most common organisms being enterococcal
species.

Hemobilia is a complication of percutaneous
transhepatic biliary drainage. This complication
is decreased if during initial needle passage the
needle tract is opacified with contrast, and, if a
major vascular structure communicates with
this tract, it should be abandoned and another
tract established.

Whether catheter tract embolization should
be performed after transhepatic biliary
drainage is not clear. Some interventionalists 
do embolize drainage tracts. Surgeons do not
embolize T-tube tracts. Sufficient fibrosis
ensues after long-term drainage that free peri-
toneal spill and peritonitis rarely are issues
(except after liver transplantation). Whether
embolization has any effect in a setting of distal
biliary tract obstruction is arguable.

Biopsy
Fluoroscopically guided percutaneous tran-
shepatic intraductal biopsy, usually performed
as part of a percutaneous biliary drainage pro-
cedure, is useful with a suspected primary bile
duct malignancy. Multiple forceps biopsies,
using intraductal US guidance, achieve high
tumor detection sensitivities.

Mucosal brushing is feasible either during
ERCP or through a percutaneous biliary

catheter. All other factors being equal, a biopsy
achieves a greater sensitivity than brushings.
Pain and transient hemobilia are complications.

Congenital Abnormalities
Gallbladder
Agenesis of Gallbladder

Gallbladder agenesis is rare. An absent gallblad-
der is found in left-sided isomerism (asplenia).
Most patients with gallbladder agenesis also
have an absent cystic duct, and often other gas-
trointestinal anomalies are evident. An associa-
tion exists between gallbladder agenesis and
duodenal atresia.

Some patients have symptoms clinically 
compatible with gallbladder disease and some
even have a false-positive US study. Bile duct
stones are relatively common in these patients.
Gallbladder agenesis has only been diagnosed 
at laparoscopy for presumed cholecystitis in
some of these patients.

Multiple Gallbladders

Most gallbladder duplications are discovered 
in a setting of either cholelithiasis or acute
cholecystitis. Gallbladder duplication is more
common in right-sided isomerism (polysple-
nia). Anecdotal reports describe not only stones
in a duplicated gallbladder but also a carcinoma.

Gallbladder duplication can usually be
identified with US or any type of cholangiogra-
phy. Magnetic resonance imaging (MRI) is also
helpful in defining the underlying anatomy.
Some double gallbladders are not detected
either with preoperative imaging or even during
cholecystectomy and a second operation is then
necessary.

Multiseptate Gallbladder

A congenital multiseptate gallbladder is rare.
More common are gallbladder folds mimicking
septa.

Ultrasonography should detect a multiseptate
gallbladder. Endoscopic retrograde cholan-
giopancreatography is helpful only if sufficient
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contrast fills the gallbladder to outline the septa.
These patients also have impaired gallbladder
function.

Ectopic Gallbladder

An abnormal gallbladder location is more
common than agenesis. Congenitally lax 
mesenteric attachments allow gallbladder
migration to unusual sites. An ectopic gallblad-
der can be intrahepatic, extraperitoneal, in the
lesser omentum, within the falciform ligament,
or in other locations. It can be located just infe-
rior to the right hemidiaphragm. Subcutaneous
gallbladder herniation through the abdominal
wall is rare (7). Also rare is internal gallbladder
herniation through the adjacently located
foramen of Winslow and obstruction to either
bile or blood flow. Some patients also have asso-
ciated hepatic lobe, portal vein, and pancreati-
cobiliary duct anomalies.

Imaging does not identify the gallbladder in
its usual position. Endoscopic retrograde
cholangiopancreatography is useful in defining
this condition and identifying any associated
ductal anomalies prior to laparoscopic chole-
cystectomy.

With an intrahepatic gallbladder, Tc-99m–
sulfur colloid scintigraphy reveals a focal intra-
hepatic defect.

Anomalous Bile Ducts
Intrahepatic bile ducts develop from liver pro-
genitor cells in contact with portal vein mes-
enchyme and form ductal plates that evolve into
mature ducts. Failure of evolution leads to
ductal plate malformation and congenital intra-
hepatic bile duct disorders characterized by
dilated biliary segments and surrounding 
fibrosis.

Considerable variation exists in intrahepatic
bile duct anatomy (Fig. 8.2). A right lobe duct
draining into the cystic duct, in particular, has
bedeviled surgeons during apparent routine
cholecystectomy.

More complex intra- and extrahepatic bile
duct anomalies are rare. One rather extreme
example consists of the hepatic duct drain-
ing into the gallbladder and the cystic duct 
then draining the entire biliary system. Some
preduodenal common bile ducts are asso-
ciated with a preduodenal portal vein. These

and other related anomalies need to be con-
sidered to prevent bile duct injury during 
cholecystectomy.

Computed tomographic cholangiography
detects major bile duct anomalies. Both 2D and
3D images are necessary to fully evaluate these
anomalies. Whether aberrant bile ducts are
better identified by CT cholangiography or
MRCP is detectable; the latter images are
degraded by overlapping duodenum and other
ductal structures. Complicating this issue is that
MRCP rather than CT cholangiography has
achieved a superior role as a preferred preoper-
ative imaging modality. What preoperative role
MRCP has in alerting the surgeon to possible
bile duct anomalies and thus potentially
decreasing intraoperative duct injury remains
to be determined.

Sphincter of Oddi Region Anomalies
Numerous anomalous biliary and pancreatic
duct insertions are possible, including a long
common channel (called anomalous arrange-
ment of the pancreaticobiliary duct and anom-
alous pancreaticobiliary ductal union by some
authors). This latter congenital variant (depend-
ing on viewpoint, considered an anomaly,
maljunction, or disease) consists of pancreatic
and biliary duct union outside the duodenal
wall. Such a long common pancreaticobiliary
channel presumably leads to pancreatic juice
reflux into bile ducts. It is a common finding 
in patients with a choledochal cyst and gall-
bladder carcinoma and is also associated with
gallstone-induced acute pancreatitis (discussed
in Chapter 9). Several patients with an anom-
alous pancreaticobiliary duct junction and 
pancreatic carcinoma have been reported.
Whether such an association is fortuitous or not
is conjecture.

The prevalence of an anomalous pancreatico-
biliary duct connection is unknown.Anomalous
insertions are associated with dilated bile ducts
(choledochal cyst), a tendency toward gallstone
formation, and possibly gallbladder adenomy-
omatosis. Even in childhood, anomalous 
pancreaticobiliary ducts are associated with
increased gallbladder epithelial cellular prolif-
eration, manifesting as epithelial hyperplasia.
Ultrasonography, including endoscopic US,
reveals a diffuse thickened hypoechoic inner
gallbladder wall layer, indicative of mucosal
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hyperplasia; this characteristic sonographic
finding of gallbladder mucosal hyperplasia is
found only in those who have associated anom-
alous pancreaticobiliary ducts. An increased
risk of gallbladder cancer has been suggested 
in affected patients.

Computed tomographic cholangiography is
useful in evaluating pancreaticobiliary duct

anomalous junctions; at times pancreatic juice
is identified refluxing into the bile duct. The
reverse is also true—in some patients contrast
refluxes from the common bile duct into the
pancreatic duct.

Many of these maljunctions are readily
identified with ERCP. Endoscopic US and intra-
ductal US are helpful in defining surrounding

Figure 8.2. Illustration of common bile duct anomalies. A: A right lobe branch inserts into the cystic duct. B: A right lobe branch
inserts into the hepatic duct. C: A right lobe duct communicates with the main left lobe duct. D: A short cystic duct inserts close to
the porta hepatis and the hepatic duct is very short. In such a setting the common bile duct is readily confused with the cystic duct.
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structures. An MRCP identifies an anomalous
pancreaticobiliary duct junction in most
patients, less so in children than in adults.

Regardless of whether bile ducts are dilated
or not, whether a prophylactic cholecystectomy
should be recommended to patients with a 
pancreatic or biliary maljunction because of
increased gallbladder cancer risk is not clear.

Cholestatic Conditions
Especially in the very young, jaundice has a
broad differential diagnosis ranging from a
benign, transient event to a lethal hereditary
condition. It is associated with biliary atresia,
a dysplasia such as Alagille’s syndrome, an 
acute hepatic insult such as viral hepatitis,
and a choledochal cyst, and it is a manifestation
of a hereditary hyperbilirubinemia. Some
cholestatic conditions are a result of gene
coding mutations.A number of these conditions
first manifest in childhood rather than in
neonates.

Neonatal Cholestasis

Clinical

The prior thinking was that a majority of
neonates with persistent jaundice had either
biliary atresia or sequelae of neonatal viral hep-
atitis. Whether these are different entities or
simply different manifestations of the same con-
dition is conjecture. Their clinical findings are
indistinguishable in most neonates. Currently,
other conditions have emerged in the differen-
tial diagnosis, including Alagille’s syndrome.
Aside from intrahepatic causes, occasional
neonatal jaundice is secondary to a choledochal
cyst, sepsis, hemolysis, infection, juvenile xan-
thogranulomatosis, or metabolic disorders such
as a1-antitrypsin deficiency, cystic fibrosis, and
others.

Congenital biliary atresia ranges from a rare
isolated, focal atretic segment, mostly intrahep-
atic atresia, to mostly extrahepatic atresia.
Disrupted intrahepatic bile ducts lead to bile
ductule proliferation and periportal fibrosis,
with residual bile ducts replaced by fibrosis and
rapid progression to cirrhosis. In a minority of
neonates, extrahepatic atresia is associated with
other systemic abnormalities.

Viral hepatitis can be confirmed in some
neonates with clinical follow-up until jaundice
resolves, although one often does not have the
luxury of time. Prognosis in neonates with 
congenital biliary atresia is better with early
intervention, generally within the first month of
life.

A liver biopsy in infants with neonatal
cholestasis often is not diagnostic. A high false-
negative rate is evident in biliary atresia. The
presence of giant cells is found in several 
entities.

Imaging

Most of these neonates have marked
hepatomegaly and some degree of spleno-
megaly.With the exception of scintigraphy, most
noninterventional imaging studies are of
limited use in differentiating biliary atresia and
neonatal hepatitis. Intrahepatic US findings are
nonspecific, although if a gallbladder is
identified, neonatal hepatitis is somewhat more
likely. Yet about 20% of neonates with biliary
atresia have an intact gallbladder, in others it is
atretic or elongated. And, to add more confu-
sion, US detected gallbladder contractions after
oral feeding in 9% of 34 children with biliary
atresia (8); surgery in these children revealed
patency between the gallbladder and duode-
num. Still, US is useful in detecting any associ-
ated cysts and other congenital anomalies,
because these neonates have an increased preva-
lence of polysplenia, situs inversus, malrotation,
and a number of vascular anomalies.

Magnetic resonance cholangiopancreatogra-
phy shows promise in differentiating between
biliary atresia and neonatal hepatitis by detect-
ing extrahepatic bile ducts in the latter entity.
Successful duct visualization is difficult in
infants with jaundice and small ducts even when
normal, but biliary atresia can be excluded if
normal-appearing extrahepatic bile ducts are
visualized. In some neonates and infants with
biliary atresia, MRCP shows a triangular hyper-
intense region in the porta hepatis; histopathol-
ogy reveals a cystic structure without ductal
epithelium surrounded by myxoid mesenchyme
and plate-like fetal bile ducts.

Technetium-99m-IDA scintigraphy differen-
tiates among biliary atresia, neonatal hepatitis,
and other causes of jaundice in most infants. If
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extrahepatic biliary activity is identified, biliary
atresia can be excluded with a sensitivity
approaching 100%. Technetium-99m-DISIDA
achieves a high sensitivity but a low specificity.
Because of the low specificity, without intestinal
activity this study should be considered incon-
clusive and both neonatal hepatitis and intra-
hepatic cholestasis are still in the differential
diagnosis. In a review of consecutive infants
from the Hospital for Sick Children in Toronto,
hepatobiliary scintigraphy failed to detect
biliary flow into the intestine in 62% (9); of
these, 75% were shown to have extrahepatic
biliary atresia, 15% neonatal hepatitis, 8% intra-
hepatic bile duct paucity, and 2% total par-
enteral nutrition-associated cholestasis. Even
total parenteral nutrition-associated cholestasis
is in the differential with lack of extrahepatic
biliary activity. Poor versus good hepatocyte
clearance cannot identify neonatal hepatitis.

Phenobarbital stimulates hepatic microsomal
activity. Premedication with phenobarbital
prior to scintigraphy increases the accuracy in
differentiating between neonatal hepatitis and
biliary atresia. Phenobarbital stimulation may
not be needed when Tc-99m-BrIDA is used
because this tracer undergoes greater hepatic
extraction and excretion than Tc-99m-DISIDA
or HIDA. Occasionally repeat scintigraphy after
administering ursodeoxycholic acid changes Tc-
99m-BrIDA nonexcretors with hepatitis into
excretors.

An ERCP is useful in visualizing the extra-
hepatic bile ducts in suspected neonatal
cholestasis but is technically difficult and in
most centers is infrequently performed.

Therapy

In neonates and infants with biliary atresia, an
intraoperative cholangiogram is usually per-
formed to define the biliary anatomy and deter-
mine whether a primary anastomosis is feasible.
In a minority the obstruction is at the common
bile duct level. Even with intact main right and
left hepatic ducts, quite often a Roux-en-Y
hepaticojejunostomy is performed. In the
absence of cholangiographically visible ducts a
hepaticoportoenterostomy (Kasai procedure) is
preferred.

Not all infants develop satisfactory biliary
drainage following the Kasai procedure, with

the success rate decreasing with age. Evidence
suggests that a low hepatocellular scintigraphic
extraction fraction in newborns with biliary
atresia is associated with a poor postoperative
prognosis (10). Incomplete drainage leads to
fibrosis and eventual biliary cirrhosis and the
need for liver transplantation (Fig. 8.3).

Hepatobiliary scintigraphy post–Kasai proce-
dure confirms a successful anastomosis by iden-
tifying biliary drainage into the intestine.

Of Japanese patients with biliary atresia who
underwent a Kasai procedure, 60% became
jaundice-free (11); nevertheless, on a long-term
basis portal hypertension developed in 50% of
anicteric survivors, manifesting as esophageal
varices or thrombocytopenia.

Alagille’s Syndrome

Alagille’s syndrome, or arteriohepatic dysplasia,
is an autosomal-dominant multisystemic disor-
der with nearly complete penetrance and vari-
able expression caused by a genetic defect in the
short arm of chromosome 20; it results in muta-
tions to the Jagged 1 (JAG1) protein, a ligand
involved in early cell embryogenesis. A wide
spectrum of JAG1 mutations includes gene dele-
tions in a minority while most have protein

Figure 8.3. Percutaneous cholangiogram in a 17–year-old with
jaundice reveals numerous cavities communicating with irregu-
lar bile ducts. He had biliary atresia as a newborn and under-
went a Kasai procedure.
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truncating, splicing, and missense mutations
across the gene coding region. This multisystem
anomaly leads to atypical facies, pulmonary
artery stenosis, butterfly-like vertebral bodies,
various cardiovascular anomalies, renal cysts,
and growth and mental retardation. The pri-
mary liver abnormality consists of a paucity of
intrahepatic bile ducts, with the severity varying
depending on the specific JAG1 abnormality,
and the resultant cholestasis manifests as
neonatal jaundice. Liver biopsy tends to detect a
paucity of intrahepatic bile ducts (ductopenia).
Alagille’s syndrome should be suspected in chil-
dren with unexplained cholestasis and is
confirmed by genetic analysis for mutations of
the JAG1 gene. Some of these infants progress to
cirrhosis, even during childhood. Hepatocellu-
lar carcinomas have developed even in pediatric
ages.

Abdominal imaging in some simply reveals
hepatomegaly. The most common abnormality
is a liver contour abnormality consisting of
either the liver or a lobe having a spherical
shape; a sulfur colloid liver–spleen radionuclide
scan often shows prolonged excretion. The US
findings are similar to those seen with biliary
atresia.

Hepatobiliary scintigraphy in a child with
Alagille’s syndrome reveals hepatobiliary dys-
function, at times with foci of increased uptake
due to compensatory hyperplasia in a setting of
cirrhosis.

Liver transplantation is the therapy of choice
in end-stage liver disease. Incidentally, the
growth failure often seen in Alagille’s syndrome
patients is not corrected by orthotopic liver
transplantation.

Familial Hyperbilirubinemias

Traditionally grouped under familial hyper-
bilirubinemias are nonhemolytic conditions
characterized by hepatic dysfunction without
gross evidence of hepatocellular injury or
biliary atresia. They are subdivided into un-
conjugated hyperbilirubinemias consisting of
Crigler-Najjar syndrome I and II and Gilbert’s
syndrome and conjugated hyperbilirubinemias
consisting of Rotor’s syndrome and Dubin-
Johnson syndrome. From an imaging viewpoint
these conditions are mostly curiosities, but are
included because they are in the differential
diagnosis of a jaundiced child.

Crigler-Najjar Syndrome

Crigler-Najjar syndrome is a rare genetic disor-
der inherited as autosomal dominant with vari-
able penetrance and as an autosomal-recessive
trait. It typically manifests in the pediatric age
group.

This syndrome is due to a gene defect en-
coding bilirubin uridine diphosphate glu-
curonosyltransferase (UGT), which is involved
in bilirubin conjugation with glucuronic acid. A
number of mutations affect the coding region 
of this gene and lead to a decreased ability to
glucuronidate bilirubin. The end result is an
increase in unconjugated serum bilirubin level.
Patients with this syndrome are homozygous for
this defect, resulting in an abnormal form of
transferase enzyme.

This syndrome is subdivided into types I and
II. In type I, the absence of hepatic bilirubin glu-
curonyl transferase activity results in a severe
unconjugated hyperbilirubinemia that invari-
ably is fatal. In type II, a single base pair muta-
tion results in decreased enzyme activity; in
these patients this enzyme responds to pheno-
barbital therapy, and clinical manifestations are
milder and appear similar to those found in
Gilbert’s syndrome.

Gilbert’s Syndrome

Gilbert’s syndrome, previously also known as
Meulengracht disease in some countries, was
redefined in the 1980s and today this term is
applied to a chronic unconjugated hyperbiliru-
binemia due to increased bilirubin turnover.
Using such a broad definition, this is a relatively
common condition and often manifests as mild
hyperbilirubinemia but no clinical illness. It is
often diagnosed after puberty.

Similar to the Crigler-Najjar syndrome, a
deficiency of the bilirubin uridine diphosphate
(UDP)-glucuronosyltransferase gene also exists
in Gilbert’s syndrome. Several mutations of
UGT cause mild reduction of UGT activity and
mild hyperbilirubinemia. Patients with both
Crigler-Najjar syndrome and Gilbert’s syn-
drome have been described.

Gilbert’s syndrome patients are at increased
risk for gallstones. An association with hyper-
trophic pyloric stenosis has been suggested.
Occasionally Gilbert’s syndrome manifests first
as postoperative jaundice.
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Rotor’s Syndrome

Cholescintigraphy does not visualize the liver, in
Rotor’s syndrome patients although they have
persistent visualization of the cardiac blood
pool and show renal excretion.

Dubin-Johnson Syndrome

Secretion of various conjugates across canali-
cular and other membranes is mediated by 
multidrug resistance protein (MRP) pumps; a 
defect in the MRP2 gene, which encodes MRP2
glycoprotein in the canalicular bilirubin conju-
gate export pump, leads to a block in excretion
of conjugated bilirubin. As a result, a conjugated
hyperbilirubinemia develops but no cholestasis
is evident. Histology reveals brown pigments
consisting of a lipofuscin-melanin complex,
mostly in centrilobular zone hepatocytes.

At times CT identifies a hyperdense liver.
Cholescintigraphy reveals poor-to-no gall-

bladder and bile duct activity but an intense and
prolonged liver blush. Scintigraphy thus aids in
differentiating Rotor’s syndrome from Dubin-
Johnson syndrome.

Progressive Familial Intrahepatic Cholestasis
(Byler Disease)

Whether to list this condition under familial
hyperbilirubinemia is a matter of definition.
Undoubtedly some patients previously included
under the hyperbilirubinemia conditions dis-
cussed above should be classified under pro-
gressive familial intrahepatic cholestasis. Also
known as Byler disease, this condition was 
originally described in an Amish kindred. It is
an inherited cholestatic condition having auto-
somal-recessive inheritance. Rather than one
entity, evidence points to a group of similar
genetic disorders. The same or very similar 
conditions exist worldwide; as an example,
cholestasis familiaris Groenlandica is a common
recessive disease in East Greenland (12). Some
authors distinguish the condition found in orig-
inal Amish kindred (Byler disease) from that
detected in others (Byler syndrome); the genes
responsible appear to be different. Two genetic
types are evident (13): type 1, caused by muta-
tions in the FIC1 gene, coding for P-type adeno-
sine triphosphatases (ATPases); and type 2,
due to mutations in the BSEP gene (bile salt

export pump), results in defective function of
the canalicular bile salt export pump. Others
describe three subtypes (14). In type 1, cholesta-
sis presents in the neonatal period, a severe pru-
ritus develops, histology reveals absence of
ductule proliferation, and these children die due
to liver failure; an inborn error in primary bile
acid secretion has been suggested and a locus
mapped to 18q21–q22. In type 2, pruritus does
not develop, and an inborn error in primary bile
acid synthesis appears to be responsible. Type 3
presents later in life, intra- and extrahepatic bile
ducts are patent, often portal hypertension
develops with its related complications, and
liver failure ensues at a later age; an abnormal
MDR3 gene function appears to be involved.
Heterozygosity in these patients appears to be
associated with cholestasis of pregnancy.

Biliary diversion is often employed in these
neonates with cholestasis and pruritus; liver
damage is then delayed until orthotopic liver
transplantation is available.

Cystic Fibrosis
The liver margin becomes irregular in cystic
fibrosis patients. Postcontrast CT reveals inho-
mogeneous enhancement throughout the liver.

Biliary drainage is deranged in cystic fibrosis,
probably due to inspissated secretions.An intra-
hepatic cholestasis is evident. A typical pattern
is dilation of intrahepatic bile ducts, more
prominent on the left, a narrowed distal
common bile duct, gallbladder dysfunction, and
decreased bowel transit. The bile ducts tend
toward an irregular, beaded appearance;
superficially the appearance can resemble scle-
rosing cholangitis. These patients are prone to
developing gallstones.

A minority of cystic fibrosis children have
abnormal liver US, with changes ranging from a
diffuse hypoechoic liver with prominent portal
tracks, cirrhosis, to portal hypertension (15).
Portal track findings tend to be better identified
with US than CT (16).

Some patients have prolonged radiotracer
retention in intrahepatic ducts even with little
or no biochemical evidence of liver involve-
ment. Gallbladder nonvisualization during
hepatobiliary scintigraphy in these patients has
been attributed to cystic duct obstruction by
viscid secretions, although a small, contracted
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gallbladder is common and may account for
nonvisualization even in the absence of chole-
cystitis.

Choledochal Cyst
Clinical

The etiology of choledochal cysts is unknown.
They are usually classified under congenital
cystic biliary malformations, although neonatal
viral infection or a bile duct wall abnormality
may be responsible. In neonates and infants
some authors label this condition simply as con-
genital biliary dilation. The borderline between
a prominent but still normal caliber duct and a
choledochal cyst is a matter of definition.

A number of Western authors have com-
mented on the rarity of choledochal cysts in
their practices. These cysts are encountered
more often in Asia, and most larger studies are
from Asia.

A relationship between choledochal cysts and
congenital hepatic fibrosis has been speculated;
some neonates with choledochal cysts also have
periportal fibrosis. An inconsistent association
exists between a choledochal cyst and intestinal
malrotation. In some adults differentiation
between primary chronic dilation leading to bile
stasis and stone formation and secondary dila-
tion due to biliary stones and resultant
inflammation is not possible.

In 1959, Alonso-Lej et al. (17) classified chole-
dochal cysts into three types: I, fusiform dilation
of a portion or entire extrahepatic bile duct
system; II, saccular diverticular-like outpouch-
ing in extrahepatic ducts; and III, focal dilation
of distal common bile duct segment (or
common pancreatobiliary channel) within the
wall of the duodenum. Type III is also called a
choledochocele. Todani et al. (18) expanded this
system in 1977 to better reflect a surgical
approach. The Todani modification subdivides
type I cysts into Ia, aneurysmal dilation; Ib, seg-
mental dilation; and Ic, diffuse, cylindrical dila-
tion; and also includes type IV cysts: IVa,
multiple intra- and extrahepatic duct cysts; and
IVb, multiple extrahepatic cysts only. Also
added was a type V: single or multiple intra-
hepatic duct cysts.

The most common type of choledochal cyst
is type I (Fig. 8.4). These cysts tend to be asso-
ciated with biliary or sphincter of Oddi anom-

alies, and in these individuals reflux of pancre-
atic content with secondary bile duct wall
inflammation and thinning appears to be a 
reasonable etiology for choledochal cyst 
formation.

A type II choledochal cyst is a rare con-
genital malformation. An occasional one pres-
ents as an adjacent tumor without an obvious
bile duct communication; biliary communi-
cation presumably is obliterated due to
inflammation.

No strict criteria define a type III cyst (chole-
dochocele), and some authors include dilation
of a common channel as a type of choledo-
chocele. Using a strict definition, however, a
choledochocele is probably as rare as a type II
cyst. These patients are prone to choledo-
cholithiasis. Smaller choledochoceles tend to be
asymptomatic.

Among adults with choledochal cysts treated
in 17 institutions of the French Associations for
Surgical Research, 50% had both extra- and
intrahepatic bile duct dilation and thus a Todani
type IVa choledochal cyst (19); of these, nine
included segmental, left lobe duct involvement,
and these patients required a combined left
lobectomy and extrahepatic cyst excision.

Figure 8.4. Type I choledochal cyst involving hepatic duct
(arrow). (Courtesy of David Waldman, M.D., University of
Rochester.)
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Biliary carcinoma was present in 12% of these
patients.

Some authors label type V dilation of small
intrahepatic radicals, as Caroli’s disease (dis-
cussed later). Whether Caroli’s disease is indeed
a type of choledochal cyst is debatable.

Acquired dilated ducts due to prior stone
disease or infection are not considered to be
choledochal cysts. Even then, not all dilated
ducts fit the above classification. Is a focally
dilated cystic duct a choledochal cyst?

These cysts are a cause of prolonged neona-
tal jaundice. Others are detected in children.
Only a rare choledochal cyst manifests during
pregnancy. In some adults pancreatitis is their
initial presentation. Their propensity to harbor
a carcinoma needs to be considered when plan-
ning therapy.

The risk of biliary malignancy in a setting of
a choledochal cyst increases with age, although
cancers have developed in young patients. Bile
stasis, irritation, possible mutagenicity of bile
mixing with pancreatic secretions, and epithe-
lial damage probably play a role in cancer devel-
opment. Most tumors are adenocarcinomas but
an occasional undifferentiated carcinoma, squa-
mous cell carcinoma, or even adenoacanthoma
is encountered. Gallbladder carcinomas have
also been reported.

Imaging

In neonates and children, US reveals a chole-
dochal cyst as a cystic structure in the region of
the bile ducts. These dilated ducts often extend
intrahepatically. The gallbladder ranges from
normal in size to somewhat distended.

Traditionally, ERCP has been used to detect
and evaluate choledochal cysts in adults, but 
CT, US, MRI, or scintigraphy is a viable alterna-
tive. Imaging reveals a fluid-filled cystic struc-
ture. Both CT cholangiography and MRCP
detect choledochal cysts with roughly similar
image quality and provide information compa-
rable to ERCP; CT cholangiography appears
superior to MRCP in detecting any super-
imposed stones, but the latter also provides 
information about any associated anomalous
pancreaticobiliary duct junction (20) and does
not require use a contrast agent. Currently,
MRCP is the procedure of choice in evaluating
these cysts.

A choledochocele (type III cyst) should be
readily detected with MRCP or ERCP; the
papilla of Vater bulges, suggesting a submucosal
tumor (Fig. 8.5). Their cystic nature is also
apparent by endoscopic US.

A carcinoma developing in a choledochal cyst
is difficult to detect with imaging; at times a
subtle focal or diffuse bile duct wall thickening
suggests the diagnosis. These tumors enhance
during arterial-phase CT, becoming isodense 
on delayed phases. Cholangiography reveals
either an elevated, irregular outline, or a focal
narrowing.

Hepatobiliary cholescintigraphy in patients
with choledochal cysts reveals about two thirds
of gallbladders nonvisualizing; resected gall-
bladders in some of these patients do not show
evidence of cholecystitis. The diagnostic accu-
racy of cholescintigraphy for cholecystitis is low
in patients with a choledochal cyst. With partial
obstruction, scintigraphy shows tracer activity
within the cyst; in general, a choledochal cyst
tends to fill with radiotracer later than expected
and stays filled longer. Radionuclide accumula-
tion in the cyst but no intestinal activity is a not
uncommon finding.

Therapy

No curative therapy is possible with extensive
intrahepatic involvement of both lobes, aside
from liver transplantation.

Figure 8.5. Choledochocele in an 85–year-old man. Contrast-
enhanced computed tomography (CT) reveals a dilated distal
common bile duct indenting the descending duodenum
(arrow). More superior images identified a dilated gallbladder.
Surprisingly, the patient was not jaundiced. (Courtesy of Patrick
Fultz, M.D., University of Rochester.)
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Some choledochoceles are treated by simple
endoscopic unroofing. Nevertheless, because
most choledochal cysts are premalignant, a
simple drainage procedure is believed to be
insufficient therapy in most patients. A 
malignancy has developed years after 
cystenterostomy.

Cyst excision and a hepaticojejunostomy are
traditional procedures of choice, with some 
surgeons preferring a hepaticoantrostomy. The
latter anastomosis is believed to be associated
with fewer episodes of recurrent cholangitis,
although postoperative cholescintigraphy does
not differ significantly between the two surgical
procedures and thus differences in bile stasis
and reflux presumably are not a cause of the
more frequent recurrent cholangitis seen after
hepaticojejunostomy. An anastomotic bile duct
carcinoma is a rare complication.

An unsuspected choledochal cyst is occasion-
ally encountered during laparoscopic cholecys-
tectomy; the underlying anatomy can be studied
and a choledochocele diagnosed by either
laparoscopic contact US or intraoperative
cholangiography.

Findings with Tc-00m-IDA scintigraphy are
similar in infants after a Roux-en-Y hepaticoje-
junostomy and after a hepaticoantrostomy,
although the former are more prone to develop
recurrent cholangitis.

Caroli’s Disease
In 1958, Caroli observed numerous ectasia-like
intrahepatic cysts communicating with the
biliary tree (21). This disorder, as described by
Caroli, is now believed to be part of the spec-
trum of congenital hepatic fibrosis. The latter
condition is discussed in Chapter 7.

Computed tomography reveals cysts varying
in size.At times a central enhancing “dot” is seen
postcontrast, representing a portal vein radical,
suggesting the diagnosis. With uncomplicated
disease, US reveals intrahepatic anechoic cystic
structures. Once sludge or stones form in these
dilated segments, US identifies hyperechoic,
well-marginated foci. As expected, MR reveals
these cysts to be hypointense on T1- and hyper-
intense on T2-weighted images. Similar to CT,
the central portal vein radical enhances. Occa-
sionally MR identifies septa.

To make a diagnosis of Caroli’s disease it is
necessary to show that the intrahepatic “cysts”
connect to bile ducts, thus distinguishing this
entity from polycystic disease. Autosomal-
recessive polycystic kidney disease is in 
the differential diagnosis of Caroli’s disease.
Scintigraphy in patients with polycystic kidney
disease not uncommonly reveals cholestasis and
intrahepatic bile duct dilation, mimicking
Caroli’s disease. Thus some type of cholan-
giogram is generally necessary to differentiate
these entities.

An occasional patient is found to have local-
ized dilation of an intrahepatic bile duct
without any obstruction. Some of these ducts
contain considerable mucinous material and a
mucinous cystic neoplasm is often suspected,
but resection reveals neither a malignancy nor
fibrosis. The term solitary cystic dilation of an
intrahepatic bile duct is used to describe this
condition. The relationship of such a localised
dilation to Caroli’s disease is speculative.

Metachromatic Leukodystrophy
Metachromatic leukodystrophy is primarily in
the domain of a neurologist, and the only
purpose in mentioning it in a work on the
abdomen is that an occasional patient with this
lysosomal storage disorder, caused by a
deficiency of the lysosomal enzyme arylsulfa-
tase A, has an abnormal gallbladder. A diagno-
sis is established by detecting deficient
leukocyte or fibroblast arylsulfatase A activity.
A late-infancy onset is common, although atyp-
ical and late onsets have been described. Found
worldwide, this condition is considerably more
prevalent in certain populations, such as in the
Western Navajos with an estimated carrier fre-
quency of 1/25 to 1/50 (22).

Ultrasonography in some children with
metachromatic leukodystrophy reveals a diffuse
thick, hyperechoic gallbladder wall and a small
lumen. A number of these children develop gall-
bladder papillomatosis. Because gallbladder
polyposis is rare in children and has developed
before neurologic symptoms of metachromatic
leukodystrophy become apparent, discovery of
such polyps, often made incidentally, should
raise suspicion for this condition. Some children
with this condition also develop gallstones. One
presented with gastric outlet obstruction due to
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an enlarged gallbladder, treated by percuta-
neous aspiration, and later developed a gall-
bladder carcinoma (23).

Trauma
An extrahepatic biliary injury classification
scale, devised by the American Association for
Surgery of Trauma, is outlined in Table 8.1.

Gallbladder
The most common gallbladder injury due to
blunt trauma is contusion; perforation and avul-
sion are rare. Only occasionally does CT reveal
gallbladder wall disruption. A hematoma is
identified by CT as focal or diffuse thickening,
at times mimicking cholecystitis. Pericholecys-
tic fluid, a poorly defined gallbladder wall, a 
collapsed gallbladder lumen, and intraluminal
blood detected by imaging in a setting of
abdominal trauma should suggest gallbladder
injury (Fig. 8.6).

Associated intraabdominal trauma is
common, often masking underlying gallbladder
perforation.

Bile Ducts
Spontaneous Rupture

Spontaneous bile duct perforation is uncom-
mon and most often is associated with duct
obstruction by stones. These perforations range
from intrahepatic, to free intraperitoneal, to an
encapsulated collection of bile. Aspirated fluid
reveals a high bilirubin level. Hepatobiliary
scintigraphy detects biliary ascites with a con-
tinuing leak.

A cholangiogram, whether performed 
percutaneously or endoscopically, should be
diagnostic if the involved bile duct is visualized.
These patients generally undergo surgery,
although endoscopic management is also 
feasible.

Traumatic Bile Leakage

Biliary duct laceration and avulsion are not
uncommon with blunt liver trauma. Complete
transection of an intrahepatic duct is associated
with liver laceration. Rupture of smaller intra-
hepatic ducts leads to slow bile extravasation,
biloma formation tends to be delayed, and
imaging findings are rather subtle. At times a
subtle injury is not discovered during the initial
surgery. Intrapancreatic bile duct injury, includ-
ing avulsion of this biliary segment, is usually
associated with pancreatic trauma. Not all bile

Table 8.1. Surgical biliary injury scale

Grade* Type of injury

I Gallbladder contusion
Portal triad contusion

II Partial gallbladder avulsion with intact 
cystic duct

Gallbladder laceration or perforation

III Complete gallbladder avulsion
Cystic duct laceration/transection

IV Right or left hepatic duct laceration
Partial common hepatic duct laceration 

(£50%)
Partial common bile duct laceration (£50%)

V >50% transection of common hepatic duct
>50% transection of common bile duct
Combined right and left hepatic duct 

injuries
Intraduodenal or intrapancreatic bile duct 

injury

* Advanced one grade for multiple injuries, up to grade III.
Source: Adapted from Moore et al. (24).

Figure 8.6. Sedimentation of blood in gallbladder on
T2–weighted MR image results in a hyperintense supernatant
fluid. (Source: Burgener FA, Meyers SP, Tan RK, Zaunbauer W. Dif-
ferential Diagnosis in Magnetic Resonance Imaging. Stuttgart:
Thieme, 2002, with permission.)
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collections after blunt abdominal trauma repre-
sent a biloma. An intrahepatic communicating
cyst or a choledochal cyst can be confused with
a biloma.

Many of these patients undergo CT for sus-
pected trauma to adjacent structures. For subtle
bile leakage, however, either direct cholangiog-
raphy or cholescintigraphy are the imaging
modalities of choice. Major extravasation is sus-
pected if scintigraphy reveals intraperitoneal
activity greater than in the gastrointestinal
tract.

Although not often performed for suspected
biliary tract injury, anecdotal reports suggest
that MRCP has considerable potential as an
alternative to ERCP.

Obstruction

Some patients develop a biliary stricture 
as a delayed complication to blunt trauma.
Whether these are related to a missed focal 
leak or ischemia is speculation. The suprapan-
creatic extrahepatic bile ducts are most often
involved.

Infection/inflammation
Acute Cholecystitis
Clinical findings in acute cholecystitis range
from mild signs and symptoms pointing to 
a right upper quadrant disorder to a life-
threatening condition. Bacteremia is not com-
mon in acute cholecystitis; when present,
however, it is associated with increased com-
plications and a higher mortality. An occasional
patient develops septic shock and dies within
hours of onset of symptoms. Especially in the
elderly the differential diagnosis is rather 
extensive.

Acute cholecystitis appears to be more
common than expected after colectomy for
ulcerative colitis.

Etiology

Stones

Acute calculus cholecystitis can be defined as
inflammation of the gallbladder due to cystic
duct obstruction by a gallstone. Infection is an
integral part of this condition because without

infection, instead of cholecystitis, gallbladder
hydrops develops.

Infection

Mentioned here are only the more unusual
infections associated with acute cholecystitis.
Infection with Ascaris lumbricoides can result in
acute cholecystitis. Ultrasonography of a worm
in the gallbladder reveals an echogenic struc-
ture having nondirectional movements and
containing a central anechoic tube.

Tuberculous cholecystitis is rare. The diagno-
sis is eventually suggested by the pathologist.

In patients with culture positive Salmonella
enteric fever, US detected a globular, distended
gallbladder in 53%, a positive sonographic
Murphy’s sign in 40%, pericholecystic edema 
or fluid in 40%, gallbladder wall thickening 
(>4 mm) in 34%, intraluminal echoes or sludge
in 15%, intramural linear striation in 13%, and
mucosal irregularity or sloughing in 6% (25).

A hepatic hydatid cyst rupturing into the 
gallbladder causing cystic duct obstruction 
and acute cholecystitis is found in endemic
regions. Acute cholecystitis has been associated
with Candida albicans infection. Even Vibrio
cholerae infection can result in acute 
cholecystitis.

Other Etiologies

Occasionally acute obstructive cholecystitis is
not related to obstruction by gallstones but is
secondary to a cystic duct adenoma or other
polyp. Anecdotal accounts describe BB shots 
or other missile fragments leading to acute
cholecystitis. An uncommon association exists
between acute cholecystitis and hemobilia.

Diagnosis

In general, initial US appears to be more pro-
ductive than CT in patients with suspected
acute biliary disease. Currently, CT does not
have a primary role in diagnosing acute chole-
cystitis; although a number of CT findings have
been described, most are nonspecific and some
patients with acute cholecystitis have a normal-
appearing gallbladder. Not uncommon is focal
increased CT liver enhancement adjacent to the
gallbladder bed, presumably due to increased
blood flow from an inflamed gallbladder. Intra-
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hepatic portal vein thrombosis is a complication
in some patients with acute cholecystitis; it
results in transient hyperdense regions.

Both US and cholescintigraphy achieve
similar accuracies of 85% to 90% in patients
with suspected acute cholecystitis, and the
choice of one over the other varies in different
regions of the world. Whether US or cho-
lescintigraphy is the superior diagnostic modal-
ity in suspected acute cholecystitis is a matter of
opinion. Considerable heat has been generated
on this topic. Thus reputable authorities have
made statements such as the following (26):

Cholescintigraphy is generally considered to be the
study of choice. . . . Although US is sometimes
reflexively ordered for the diagnosis of symptomatic
biliary disease, the results usually are not specific
enough to make the diagnosis of acute cholecystitis.

Ultrasonography

Ideally, an US diagnosis of acute cholecystitis is
made by detecting a stone obstructing the cystic
duct—a rare finding. More often the sono-
graphic signs suggesting acute cholecystitis are
the presence of intraluminal gallstones, gall-
bladder wall thickening (at times with a three-
layered wall appearance), fluid surrounding the
gallbladder, and a sonographic Murphy’s sign.
Among 69 patients with acute abdominal pain
and operated on for acute cholecystitis, preop-
erative US detected gallbladder wall thickening
in 56%, one or more gallstones in 86%, peric-
holecystic fluid in 14%, gallbladder distention in
46%, and a sonographic Murphy’s sign in 39%
(27). Still, US results are not without contro-
versy. In patients with right upper quadrant
pain although sensitivity of a sonographic
Murphy’s sign is high, specificity is low due to a
large number of false positives. Even if presence
of gallstones, wall edema and pericholecystic
fluid are included, specificity remains rather
low, making Murphy’s sign unreliable in distin-
guishing acute from chronic cholecystitis.
Combined use of color velocity imaging (to
determine blood flow velocity) and power
Doppler US appear to improve both sensitivity
and specificity, compared to gray-scale US, in
detecting acute cholecystitis.

In most patients with acute cholecystitis,
the gallbladder wall thickens diffusely, a non-
specific finding (Table 8.2). Patients with 
acute viral hepatitis not uncommonly have a

cholecystitis-like clinical presentation and a
markedly increased gallbladder wall thickness,
as measured by US; in these patients the gall-
bladder wall reverts to normal once hepatitis
clears.

Ultrasonography in an occasional patient
with a subhepatic appendix containing an
appendicolith suggests cholecystitis with a 
gallstone.

Occasionally color Doppler US detects gall-
bladder wall flow in patients with acute chole-
cystitis, but this is an inconsistent finding.

Magnetic Resonance Imaging

The role of MRI in suspected acute cholecysti-
tis is still evolving. Although MRI accuracy
rivals that of US, more ready availability, lower
cost, and the simplicity of US ensure its contin-
ued use in most institutions.

Most publications deal primarily with T2-
weighted images, which constitute a basis for
MRCP. Findings of acute cholecystitis on T2-
weighted sequences include the presence of
gallstones, a thickened gallbladder wall, and
pericholecystic fluid. Among patients with sus-
pected acute cholecystitis, T2-weighted HASTE
MRI achieved a 91% sensitivity and 79%
specificity in diagnosing acute cholecystitis
(28); in those patients who did have acute chole-
cystitis, HASTE MRI sequences detected a
hyperintense pericholecystic signal in 91%, an
impressive finding. Gallbladder stones were
detected by HASTE MRI in 93% of patients with
acute calculus cholecystitis.

Comparing MRCP and US before cholecys-
tectomy, US was superior in evaluating gall-
bladder wall thickening but MRCP excelled in
detecting cystic duct and gallbladder neck
calculi and cystic duct obstruction (29).

Gallbladder inflammation leads to increased
blood flow, resulting in increased contrast
enhancement. Initial enhancement starts at the
inner mucosal layer and gradually involves the
entire gallbladder wall, findings detected with
MR. On immediate postgadolinium images a
transient increase in pericholecystic liver
enhancement is common in acute cholecystitis
patients.

Contrast-enhanced MRI should distinguish
between gallbladder wall thickening due to
acute cholecystitis and most other conditions
listed in Table 8.2; aside from acute cholecysti-
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tis, other conditions show minimal gallbladder
wall enhancement and pericholecystic liver
enhancement.

Scintigraphy

Cholescintigraphy with Tc-99m-HIDA or one of
the other IDA derivatives assesses gallbladder
function. For this test to be valid, however, rea-
sonably normal hepatic uptake and excretion is
necessary. Cholescintigraphy results are not
meaningful in a setting of severe hepatocellular
dysfunction or common bile duct obstruction.
The test should also be interpreted with caution
after sphincterotomy because some of these
patients have gallbladder nonvisualization even
without acute cholecystitis. Likewise, gallblad-
der nonvisualization is found in patients with
cystic fibrosis and in a setting of a choledochal
cyst.

Several hours of fasting are normally
required before cholescintigraphy is performed;
otherwise, resultant gallbladder contraction
prevents radiotracer and bile flow into the 
gallbladder, thus leading to a false-positive test.
One disadvantage of cholescintigraphy is that it
generally requires several hours to perform this
test, a fact accentuated by ultrasonographers.

Gallbladder ejection fraction is measured
during cholecystokinin cholescintigraphy and
by US. In most institutions an ejection fraction
of <35% is considered abnormal, although this
limit varies depending on injection method
used. In general, a normal gallbladder ejection
fraction excludes dysfunction. Both scintigra-

phy and US are reproducible techniques in
studying gallbladder contraction, but these two
tests are not directly interchangeable.

A fatty meal induces gallbladder emptying,
and, in general, a standardized liquid fatty meal
results in good intraindividual reproducibility
of gallbladder emptying; there is, however,
considerable interindividual variability. Aside
from CCK-dependent effects, other mechanisms
probably are involved in gallbladder emptying.
Gallbladder US in young, nulliparous women
reveals fasting volume and postprandial ejec-
tion fractions to be slightly greater during the
luteal phase than during the follicular phase.
Gallbladder volume roughly doubles during
pregnancy and then decreases postpartum.
Gallbladder motility and gallbladder ejection
fraction are significantly impaired in late 
pregnancy.

Gallbladder visualization during cho-
lescintigraphy (or oral cholecystography) essen-
tially excludes acute cholecystitis. Normally
nonvisualization is defined as a lack of gall-
bladder activity up to 4 hours after radiotracer
administration.

Some patients have increased tracer 
activity in liver parenchyma adjacent to the
gallbladder—the pericholecystic rim sign. This
activity is associated with acute cholecystitis 
in most but not all patients and is believed 
to be secondary to increased blood flow to
parenchyma adjacent to an inflamed gallblad-
der. It is not to be confused with tracer within
the gallbladder.

What is the significance of gallbladder 
nonvisualization but the presence of a peric-
holecystic rim sign? Morphine-augmentation is
helpful in visualizing the gallbladder in some
and thus excluding acute cholecystitis, although
even then there are false-positives.

Gallbladder contractility is decreased in pa-
tients with a prior vagotomy. Likewise, the gall-
bladder does not contract normally in patients
with achalasia or those on octreotide therapy.

Gallbladder contraction before injecting 
Tc-99m-IDA allows subsequent tracer material
to accumulate within the gallbladder and de-
creases the number of false-positive results.
A common drug used to stimulate gallblad-
der contraction is cholecystokinin-octapeptide
(CCK-8). It is used selectively; for instance, in
some institutions patients who have been
fasting for 24 hours or longer are pretreated

Table 8.2. Causes of diffuse gallbladder wall thickening

Local conditions
Acute cholecystitis
Chronic cholecystitis
Hepatitis
Associated with portal hypertension
Portal vein thrombosis
Acute viral hepatitis
AIDS cholangitis

Systemic disorders
Hypoalbuminemia
Renal failure
Ascites
Chemotherapy
Severe congestive heart failure
Graft-versus-host disease
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with CCK while others are not. Slow infusion of
a physiologic dose of CCK-8 results in more
complete gallbladder emptying than a bolus
injection.

If the gallbladder is not visualized in 60 to 90
minutes, often 0.04 mg/kg morphine sulfate is
injected IV and additional images are obtained
for 30 to 60 minutes. Intravenous morphine
increases sphincter of Oddi pressure and thus
bile accumulates within the gallbladder. If the
gallbladder still does not visualize during 
morphine-augmented cholescintigraphy, in the
appropriate clinical setting a diagnosis of acute
cholecystitis is reasonable. If, on the other hand,
the gallbladder is not visualized within an initial
90 minutes but is observed after morphine,
abnormal gallbladder function should be 
suspected.

A variant of the above technique is to
combine cholecystokinin pretreatment together
with morphine augmentation. Imaging is per-
formed in patients after Tc-99m-BrIDA until
gallbladder activity is identified or up to 90
minutes postinjection; if no gallbladder is
identified, a second dose of BrIDA is followed by
morphine sulfate.

Gallbladder scintigraphy can be per-
formed using indium-111–labeled autologous
white blood cells. Labeled white blood cells
accumulate within the gallbladder wall in 
acute cholecystitis. In some patients, however,
delayed imaging is required, thus delaying the
diagnosis.

Perforated Cholecystitis

Neglected cholecystitis evolves into gallbladder
perforation. Most perforations are walled-off
and result in pericholecystic fluid or a right
upper quadrant abscess, a common location
being between the gallbladder and adjacent
liver. Free perforation into the peritoneal cavity
results in bile peritonitis, while an occasional
perforation into the liver evolves into a liver
abscess.

Chronic perforations have evolved into a
cholecystocutaneous or cholecystoenteric
fistula, and even a cholecystogastric fistula 
(Fig. 8.7). Some cholecystoenteric fistulas are
secondary to gallstones eroding into the gut
(discussed in Chapter 4).

Detection of gallbladder perforation is not
straightforward. Adherent omentum, fat, or

adhesions often mask a recent perforation.
Computed tomography visualizes only about
half of gallbladder wall defects, and US even
less. Pericholecystic fluid and gallbladder wall
thickening are often the only pertinent imaging
findings.

Gangrenous Cholecystitis

Gangrenous cholecystitis is a sequela of either
calculus or acalculus cholecystitis.

Computed tomography and US reveal similar
findings. The gallbladder wall is irregular and
thick. Sloughed gallbladder mucosa is seen as
thin intraluminal linear echoes parallel to the
gallbladder wall and a striated wall edema
pattern seen with US should suggest gan-
grenous cholecystitis. Often inflammation
extends to surrounding structures. A sono-
graphic Murphy’s sign is less often elicited in
these patients than with more conventional
acute cholecystitis.

Color Doppler US reveals no flow within a
thickened gallbladder wall in acute necrotizing
cholecystitis.

Occasionally a thin rim of increased scinti-
graphic activity, a rim sign, is seen adjacent 
to the gallbladder fossa, a sign associated with
gallbladder wall gangrene. The presence of a

Figure 8.7. Spontaneous cholecystocutaneous fistula (arrow)
secondary to cystic duct obstruction by a stone.
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rim sign, together with subsequent gallbladder
visualization after administration of morphine,
does occur with gallbladder gangrene. The rim
sign should be distinguished from tracer 
activity in adjacent liver parenchyma.

Empyema/Abscess

Empyema, consisting of an obstructed, pus-
filled gallbladder lumen, leads to marked gall-
bladder distention. Ultrasonography shows a
markedly distended, hyperechoic sludge-
containing gallbladder. Computed tomography
reveals this pus-filled gallbladder content to
have greater attenuation than bile. At times a
frank abscess is identified (Fig. 8.8).

Laparoscopic cholecystectomy is difficult 
in the setting of gallbladder empyema and 
many of these patients undergo conventional
cholecystectomy.

Emphysematous Cholecystitis

Emphysematous cholecystitis is a severe form of
acute cholecystitis manifesting with gas (not
air) in the gallbladder lumen, wall, bile ducts, or
pericholecystic tissues, and no abnormal com-
munication between the biliary tree and gas-
trointestinal tract. It develops if gas-forming
bacteria predominate as the infectious organ-
ism. Diabetes mellitus is a common underlying
condition. Some of these patients do not appear
systemically ill, and unless imaging suggests the
condition, conservative therapy may be initially

initiated. Nevertheless, mortality is about 15%.
Gallstones are absent in some of these patients.
In some, a superimposed pneumoperitoneum
suggests a perforation. Rarely, simultaneous
emphysematous pyelonephritis and emphyse-
matous cholecystitis develop.

The diagnosis is straightforward with con-
ventional radiography and CT, revealing gas in
the gallbladder lumen, wall, or pericholecystic
tissues (Fig. 8.9). Ultrasono-graphy can miss
emphysematous cholecystitis due to gallbladder
nonvisualization; intramural gas can be con-
fused with gas within the bowel. If the gallblad-
der is identified, US reveals highly reflective
echoes from nondependent gallbladder wall
segments. Exten-sive gas mimics gallbladder
wall calcifications. Ultrasonography in one
patient revealed gas bubbles rising within the
gallbladder and floating to the surface, an
appearance called effervescent gallbladder
(30).

Cholescintigraphy may or may not detect
cystic duct obstruction in these patients.

Although successful percutaneous gallblad-
der drainage has been performed in these
patient, most are managed surgically.

Eosinophilic Cholecystitis

Histologically, eosinophilic cholecystitis con-
sists of a transmural eosinophilic infiltrate. It is
associated with allergic conditions, parasites,
hypereosinophilic syndromes, and even with
calculous acute cholecystitis. Tissue infiltration
with eosinophils and eosinophilic granulomas
occurs in necrotizing granulomatous vasculitis
involving the gallbladder; similar features are
found in allergic granulomatous angiitis of
Churg and Strauss.

Therapy

In Pregnancy

Traditionally, a pregnant woman with acute
cholecystitis has undergone an open cholecys-
tectomy, although a laparoscopic cholecystec-
tomy is feasible. If warranted, cholangiography
is performed.

A pneumoperitoneum is induced during a
typical laparoscopic cholecystectomy; gasless
laparoscopic cholecystectomy has been per-
formed in pregnant women.

Figure 8.8. Salmonella cholecystitis resulting in a gallbladder
abscess (arrow).The abscess was drained percutaneously. (Cour-
tesy of Georgine DeMarino, M.D., University of Iowa.)



441

GALLBLADDER AND BILE DUCTS

Ultrasonography-guided percutaneous cho-
lecystostomy may have a role in pregnancy;
biliary decompression is maintained during
pregnancy and an elective cholecystectomy 
performed after delivery.

Percutaneous Cholecystostomy/Aspiration

Does percutaneous transhepatic gallbladder
drainage have a role in patients with acute sup-
purative cholecystitis? A common indication for
percutaneous cholecystostomy is in a high sur-
gical risk patient with suspected acute chole-
cystitis. Ultrasonography is commonly used for
guidance. Following successful cholecystostomy
most patients improve, the exception being
those who have either transmural gallbladder
inflammation or gangrene.

Gallbladder aspiration is an alternate proce-
dure to percutaneous cholecystostomy in some
patients. In a comparison, 82% of gallbladder
aspirations and 100% of percutaneous chole-
cystostomies were technically successful (31);
viscid sludge or pus prevented aspiration
through a 21-gauge needle in some patients.
Complications are more common with percuta-
neous cholecystostomy than aspiration. A
typical scenario is US-guided percutaneous
gallbladder drainage followed by laparoscopic
cholecystectomy several days later, after clinical

improvement. Inflammation subsides after
drainage and the cystic duct often becomes
patent, as shown by cholescintigraphy per-
formed after percutaneous gallbladder
drainage.

In general, for most patients with acute 
acalculous cholecystitis a percutaneous chole-
cystostomy is curative; in the presence of stones,
however, a percutaneous cholecystostomy sim-
ply provides drainage and an eventual definitive
procedure is necessary in most patients.

Open Cholecystectomy

This is not the place to discuss the relative
merits and indications of open versus laparo-
scopic cholecystectomy. Rather, the emphasis
here is on the role of imaging. In general,
selective rather than routine intraoperative
cholangiography is performed. Intraoperative
fluoroscopic cholangiography is becoming
more popular than static images. A fluoroscopic
study can be performed faster than a compara-
ble static study; whether the information
obtained with a fluoroscopic image is sufficient
is debatable. Quality control of intraoperative
images remains a problem.

The indications for intraoperative cholan-
giography continue to be debated by surgeons.
Risk factors correlating with presence of chole-

Figure 8.9. Emphysematous cholecystitis. Radiograph (A) and CT
(B) in two different patients. Gas is present in the gallbladder wall
and lumen (arrow). Pneumobilia was identified on other images.

B

A
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docholithiasis include history of jaundice, pan-
creatitis, hyperbilirubinemia and hyperamy-
lasemia. Other criteria whether to perform
intraoperative cholangiography include dilated
bile ducts on preoperative US and unclear US
findings.

Laparoscopic Cholecystectomy

Compared to open cholecystectomy, laparo-
scopic cholecystectomy requires a longer oper-
ative time, but it leads to less pain, a shorter
hospitalization, and earlier recovery, and it is
associated with a lower morbidity.

Cirrhosis is generally considered a relative
contraindication for laparoscopic cholecystec-
tomy.

Extensive adhesions surrounding the gall-
bladder make laparoscopic cholecystectomy
more difficult. Neither CT nor US can reliably
detect these adhesions although MRI may have
a role. Nonvisualization of the gallbladder on
drip infusion cholangio-graphy appears to have
value in predicting extensive adhesions, but this
study is rarely performed.

Imaging

Laparoscopic cholecystectomy achieves the
same end result as an open cholecystectomy, yet
with the former procedure surgeons generally
prefer a more specific preoperative diagnosis
concerning the presence or absence of bile 
duct stones; although these stones are readily
detected by operative cholangiography, their
removal during laparoscopic cholecystectomy is
problematic and is one of the causes of conver-
sion to an open cholecystectomy. The luxury of
T-tube insertion if bile duct stones are detected
and their later removal via the T-tube tract by
interventional radiologists is not a viable option
during laparoscopic cholecystectomy.

Preoperative US aids in predicting whether
intraoperative difficulties are encountered. Pre-
operative US detection of gallbladder wall thick-
ening was found to be the most sensitive and
pericholecystic fluid the most specific indicator
of a difficult laparoscopic cholecystectomy and
the possible need for conversion to laparotomy
(32).

Is ERC necessary prior to routine laparo-
scopic cholecystectomy? Prior to laparoscopic
cholecystectomy, ERC not only detects bile duct

stones but also outlines any anomalous biliary
anatomy. If stones are found, a sphincterotomy
and stone extraction are then performed.
Patients having normal biliary US and normal
liver function tests have a >95% negative ERC
rate, and for these patients preoperatively ERC
appears unnecessary. Some surgeons thus 
argue that endoscopic sphincterotomy prior 
to laparoscopic cholecystectomy should be
reserved only for seriously ill patients or a sus-
pected malignancy, because laparoscopic tran-
scystic duct exploration can be successful in
over 90% of cholecystectomies and is safe. Even
if laparoscopic cystic duct exploration is not
successful, then either open choledochotomy or
postoperative endoscopic sphincterotomy is
considered.

The role of operative cholangiography during
laparoscopic cholecystectomy is not settled and
depends, in part, on whether preoperative
imaging is performed. Some surgeons obtain it
almost routinely, while others use it selectively.
The study is safe and adds little to patient mor-
bidity, but it does prolong surgery. A learning
curve exists in performing successful intraoper-
ative cholangiography. A success rate of over
90% can be achieved. Digital C-arm fluoroscopy
is a useful guide for intraoperative cholangiog-
raphy. In general, laparoscopic cholangiography
and, if needed, common bile duct exploration
obviate a need for a later second procedure such
as endoscopic sphincterotomy in patients with
retained stones.

Intraoperative cholangiography detects
biliary tract complications, and often conver-
sion to an open laparotomy can be performed
to repair a visualized injury. Such conversion
results in earlier detection of injuries and 
fewer subsequent procedures to correct the
injury.

Operative cholangiography performed pri-
marily to detect bile duct stones is discussed
later (see Biliary Stones).

Complications

General: Complications occur during laparo-
scopic cholecystectomy, with postoperative
complication rates of 4% to 6% being typical.
Initially, after the introduction of laparoscopic
cholecystectomy, bile duct injuries were more
common than during the previous open chole-
cystectomy era. Nevertheless, most recent
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studies conclude that morbidity and mortality
of laparoscopic cholecystectomy are lower than
after an open operation. The most common
complication is a bile leak, followed by retained
stones, severe bleeding, subhepatic fluid or
abscess, and mild pancreatitis (Fig. 8.10). A
common duct stricture and retained stones are
late complications, often manifesting as cholan-
gitis rather than jaundice.

Because of ease and ready availability, con-
ventional chest and abdomen radiographs
should be obtained whenever postlaparoscopic
cholecystectomy injury is suspected. They will
detect pneumonia and extraluminal gas.
Whether they should be followed by CT or US
is debatable; either modality detects biliary
obstruction and abnormal intraabdominal fluid
collections. The definitive study to detect bile
duct injury is cholangiography. An ERC can
localize a specific site of leakage and detect any
underlying strictures. If ERC is unsuccessful or
if complete biliary obstruction is encountered,
transhepatic cholangiography should define
more proximal biliary anatomy. In general, with
a major bile duct injury or stricture, percuta-
neous transhepatic cholangiography is of more
value to the surgeon than an endoscopic

approach because it defines the proximal biliary
tree anatomy used for reconstruction.

In a setting of localized disruption, including
a cystic duct stump leak or extravasation from
ducts of Luschka, placement of a biliary stent is
often therapeutic.

Bile Duct Injury: Most bile duct injuries
manifest during the early postoperative period
either as obstructive jaundice or a bile leak.
Detection of residual stones or a clip in the bile
ducts can be delayed. Most complications can be
managed successfully by either ERCP or percu-
taneously. Biliary leaks are successfully treated
by percutaneous biloma drainage combined
with either endoscopic or percutaneous tran-
shepatic biliary catheter bypass.

The Bismuth classification is used to describe
major bile duct injuries (Fig. 8.11). A preopera-
tive cholangiogram is valuable prior to bile 
duct injury repair. Subsequent surgical repair is
more difficult and is often unsuccessful if a
cholangiogram is not obtained preoperatively
or the cholangiogram is incomplete.

Common sites for leakage are from a cystic
duct stump or from injury to an aberrant bile

Figure 8.10. Duodenal perforation (arrow) detected 2 days
after laparoscopic cholecystectomy. A water-soluble contrast
agent was used to perform this study.

Figure 8.11. Bismuth classification of bile duct injuries. In type
1, >2 cm of hepatic duct is intact; in type 2, <2 cm remains; in
type 3, little viable hepatic duct is available; and in type 4, the
main right and left lobe ducts are involved.
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duct (Fig. 8.12). Some patients have anomalous
small right lobe ducts draining directly into the
gallbladder (bile ducts of Luschka), and these
are torn during a cholecystectomy.Aberrant bile
duct leaks are difficult to detect because these
aberrant ducts often do not opacify on opera-
tive and postoperative cholangiograms. Bile
leakage also occurs with inadvertent bile duct
laceration. Most bilomas form around the site of
leakage; a rare one extends into the lesser sac.
Typically a biloma forms within a week or so
after surgery. Some bilomas are associated with
jaundice. In general, only the symptomatic
patient requires additional therapy.

Direct visualization of a leak is by cholan-
giography—directly via a T-tube, retrograde, or
any other access—or indirectly by detecting a
biloma with MRCP, CT cholangiography using
an intravenous contrast agent, or US. Contrast
enhanced MR cholangiography using Mn-
DPDP or Gd-EOB-DTPA (agents taken up by
hepatocytes and excreted into bile ducts)
identifies bile duct leaks in these patients (33),
although advantages of this technique over
other methods of visualizing bile ducts are still
debated. Ultrasonography reveals a biloma as a
sharply marginated anechoic mass having
acoustic enhancement. A hematoma or abscess

is in the differential diagnosis, although the
latter tends to contain a more echoic content.

Biliary scintigraphy is probably more sensi-
tive and more specific than either CT or US in
detecting a bile leak. Cholescintigraphy achieves
an accuracy of mid-80% in detecting leaks, with
CT and US being less sensitive. One can argue
that cholescintigraphy should be the first diag-
nostic modality if a bile leak is suspected but in
a number of centers it is relegated to a second-
ary role. The scintigraphic appearance of a
postoperative bile leak is useful for prognosis; if
most of the biliary flow is into the duodenum, a
perforation will probably resolve without surgi-
cal or other intervention.

Occasionally with a small bile leak initial cho-
lescintigraphy is normal, but repeat images
obtained after IV morphine reveal a subtle leak.
Also, if initial images do not identify a leak,
delayed images should be obtained because
some small leaks are visualized only several
hours later. In spite of these techniques, bile
ascites can be difficult to diagnose because of
dilution. On the other hand, many small 
asymptomatic bile leaks are of no clinical 
significance.

Placement of a biliary drainage catheter,
inserted either via an endoscopic approach or
percutaneously, is sufficient therapy for most
localized bile leaks. Endoscopists insert either
an intrabiliary stent or a nasobiliary tube across
a leakage site, at times adding a sphincterotomy.
Endoscopic placement of a short transpapillary
stent without a sphincterotomy is an effective
and simple way of equalizing pressures within
the bile ducts and duodenum. During percuta-
neous transhepatic biliary drainage, generally
performed when surgical or endoscopic therapy
is unsuccessful, side holes are positioned on
both sides of a leak.

Among postlaparoscopic cholecystectomy
patients referred for therapy of bile leaks to
members of the Midwest Pancreaticobiliary
Group, most common therapy consisted of
sphincterotomy with stent insertion, with
biliary leakage healing in 88% of patients (34);
percutaneous or surgical drainage of bilomas
was required in 32% of patients.

With major bile spill into the peritoneal
cavity, immediate reexploration is generally
indicated. Bile duct transection or other major
injury is usually treated with a Roux-en-Y

Figure 8.12. Blown cystic duct stump (arrow). The resultant
biloma was drained percutaneously.
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hepaticojejunostomy rather than direct bile
duct anastomosis; the latter is associated with
subsequent stricture formation, while long-
term success rates with a Roux-en-Y hepatico-
jejunostomy are >80%. Embolization of a biliary
leakage site using a percutaneous approach is a
potential therapeutic approach.

A clip placed on either the hepatic duct or the
common bile duct is the most common cause of
acute bile duct obstruction (Fig. 8.13). Obstruc-
tion also develops due to inadvertent bile duct
cautery or fibrosis for other reasons. Hepatic
duct and right hepatic duct necrosis are 
complications of electrocoagulation. Retained
common bile duct stones also result in post-
operative obstruction. Some bile duct strictures
detected several months after laparoscopic
cholecystectomy are associated with a traumatic
neuroma, probably induced by prior bile
leakage although a thermal injury during chole-
cystectomy and a resultant fibrous scar may pre-
dispose to traumatic neuroma formation.

Initially more proximal bile ducts do not
dilate after an obstruction, and CT and US may
miss a stricture; scintigraphy, on the other hand,
will detect an obstruction. In the presence of a

bile leak, however, lack of radionuclide activity
in the intestines does not imply a more distal
bile duct obstruction.

The gold standard for detecting a bile duct
obstruction is cholangiography. An MRCP is
often a first choice to detect these strictures and
any other related complications, such as a leak.

Percutaneous or endoscopic stricture dilation
is often a viable option; results are comparable
to those of surgical reconstruction. With 
complete obstruction, such as secondary to a
clip placed on the hepatic duct, percutaneous
drainage of the obstructed ducts is the initial
procedure of choice. On the other hand, with a
common bile duct stone or cystic duct leak, a
sphincterotomy, stone extraction, and an endo-
prosthesis are generally preferred.

Cholelithoptysis: Stones are spilled into the
peritoneal cavity more often during a laparo-
scopic cholecystectomy than during an open
cholecystectomy. While it was initially believed
that no adverse long-term complications follow
cholelithoptysis, severe complications requiring
a subsequent open surgical procedure have
developed. Generally lavage and retrieval of as
many stones as possible is attempted after such
spill. In fact, open retrieval appears appropriate
if several stones or a large stone are lost.

Clips have also been spilled into the peri-
toneal cavity; their long-term consequence is
not known.

Some stones eventually become surrounded
by granulation tissue. Or gallstones become
encased in a pelvic tumor. Some of these
patients present months or even years after a
cholecystectomy with intraabdominal infection,
abscess, or fistula. Gallstones spilled into the
peritoneal cavity have led to bowel obstruction.
Stones have eroded into the urinary bladder,
eroded through the diaphragm, resulted in an
empyema, and have even been expectorated.

At times the specific etiology for such a
calculi-induced abscess is suggested by CT or
US. Computed tomography shows a gallstone
acting as a nidus for surrounding inflammation.

Incomplete Excision: During laparoscopic
cholecystectomy the cystic duct is typically
transected close to the gallbladder in order to
decrease the risk of hepatic duct and common
duct injury. This has led to an incomplete 
cholecystectomy and eventually recurrent
cholelithiasis.A bilobed or duplicate gallbladder

Figure 8.13. Percutaneous cholangiography in a patient with
jaundice after laparoscopic cholecystectomy reveals complete
hepatic duct obstruction close to the porta hepatis (arrow).
Exploration revealed a metal clip obstructing the hepatic duct.
(Courtesy of David Waldman, M.D., University of Rochester.)
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is suspected if repeat surgery finds most of
the gallbladder still intact in a patient with
recurrent symptoms after laparoscopic 
cholecystectomy.

Other Complications: Tumor seeding from 
an unsuspected gallbladder carcinoma during
cholecystectomy is discussed later in this
chapter (see Gallbladder Tumors Malignant
Neoplasms).

Imaging studies shortly after a cholecystec-
tomy often detect a pneumoperitoneum. It is of
little significance unless it persists.

Major infection is not common after laparo-
scopic cholecystectomy. Computed tomography
should identify any abscesses.

Arterial trauma during surgery leads to false
aneurysm formation; subsequent aneurysm
rupture into a bile duct results in hemobilia, at
times manifesting months after cholecystec-
tomy. The numerous published reports attest
that this is not a rare complication. The right
hepatic artery is most often involved, although
even a renocaval arteriovenous fistula has been
reported (35). These aneurysms and hepatic
artery-to-bile duct fistulas can be successfully
embolized.

Unrecognized bleeding due to trocar inser-
tion has resulted in omental or abdominal wall
hematomas.

A draining umbilical sinus tract has devel-
oped at a trocar site. Small bowel has herniated
through a trocar site and led to an obstruction.
Unsuspected bowel injury may occur. Leakage
of intestinal content into the peritoneal cavity
induces a peritonitis mimicking bile peritonitis.
Small bowel necrosis has been reported.

Diaphragmatic injury, even a pneumothorax,
has been reported.

Underlying primary adrenal insufficiency can
lead to shock, bilateral adrenal hemorrhage, and
related complications after laparoscopic chole-
cystectomy.

Acute Acalculous Cholecystitis

Etiology

The precise etiology of acute acalculous chole-
cystitis is not known. The reported prevalence
varies in the literature, with part of the difficulty
being a lack of definition.

Bile stasis and gallbladder inflammation
develop secondary to either a chemical or

ischemic insult. These patients do not have
cystic duct obstruction, and usually no stones
are present in the gallbladder. Infection from an
enteric source may play a role.Acalculous chole-
cystitis has occurred in association with Vibrio
cholera infection, typhoid fever, biliary Ascaris
lumbricoides infestation, and even Candida
infection following cardiac transplantation.

Cholesterol crystal embolization has been
implicated in patients with atherosclerotic vas-
cular disease who develop acalculous cholecys-
titis. Acalculous cholecystitis develops in young
immunosuppressed patients; it is associated
with veno-occlusive liver disease. This condition
is more common in critically ill patients, those
who have had a major traumatic insult, those
who are on prolonged bed rest and intensive
care, or those who are debilitated.

Diagnosis

Murphy’s sign is difficult to elicit both clinically
and sonographically.

The sensitivity and specificity of imaging in
detecting acute acalculous cholecystitis are not
high. At times the diagnosis is one of exclusion.
Computed tomography reveals pericholecystic
inflammation, gallbladder wall thickening, and
pericholecystic fluid. Gallbladder mucosa tends
to enhance with contrast.

Ultrasonography findings of acalculous
cholecystitis are similar to those seen with cal-
culous cholecystitis, except for gallstones, and
consist of an inconsistent Murphy’s sign, gall-
bladder wall thickening, and pericholecystic
fluid; other occasional findings include gall-
bladder hydrops, gallbladder sludge, and a stri-
ated gallbladder wall. These are rather
nonspecific findings, especially in sick patients.
Several studies have concluded that these non-
specific US findings are common in intensive
care patients and that sonography is of limited
value in detecting acalculous cholecystitis (36).
On the other hand, acalculous cholecystitis can
be excluded when gallbladder US is normal.

Scintigraphy is falsely negative in acute acal-
culous cholecystitis if radiotracer enters the
gallbladder. A high scintigraphic false-positive
rate is also found. The gallbladder does not 
constrict normally to stimulation by cholecys-
tokinin in acalculous cholecystitis, although this
is a nonspecific finding, common in postopera-
tive patients.
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Therapy

Acute acalculous cholecystitis is associated with
high morbidity and mortality. Many patients
developing acalculous cholecystitis are already
at high surgical risk. Complications increase
with delay in therapy. Percutaneous cholecys-
tostomy using US guidance has evolved as the
therapy of choice for these patients.

Laparoscopy has been used as a diagnostic
tool for acute acalculous cholecystitis. Such
diagnostic laparoscopy can be performed even
at the patient’s bedside.

Chronic Cholecystitis
The definition of chronic cholecystitis varies. On
one extreme are those who consider the pres-
ence of gallbladder stones a sign of chronic
cholecystitis; others limit this term to a setting
of a small, thick-walled gallbladder wall con-
taining histologic findings of chronic inflamma-
tion and fibrosis and no stones. The latter
condition is also called chronic acalculous chole-
cystitis; the problem with this definition is that
many gallbladders resected for other conditions
in patients with no clinical evidence of disease
harbor similar pathologic findings.

Actinomycosis is a rare cause of chole-
cystitis. Myelofibrosis has presented as chronic
cholecystitis.

With the presence of gallstones and an 
appropriate clinical history, the diagnosis is
straightforward. The issue becomes murky
when gallstones are absent—a relatively
common scenario in clinical practice. Con-
siderable controversy surrounds the clinical 
and even pathologic diagnosis of chronic acal-
culous cholecystitis. In fact, some investigators
question whether such a disease as chronic 
acalculous cholecystitis even exists or whether
these patients’ symptoms reflect a spectrum of
disorders.

Imaging

Ultrasonography in some symptomatic patients
reveals a thickened gallbladder wall and no
stones, simply sludge, or stones. Without stones,
whether these patients should undergo surgery
is controversial; a number of postoperative
patients are not relieved of their symptoms. A
combined endoscopic US and stimulated biliary

drainage procedure has been suggested for
these patients. In patients with unremarkable
transabdominal US, endoscopic US can reveal
gallbladder sludge or stones, or stimulated
biliary drainage is positive.

Postcontrast MRI in patients with chronic
cholecystitis usually reveals a thickened gall-
bladder wall, with early mucosal and muscle
enhancement in most; stones obviously do not
enhance, and the fibrotic subserosa enhances
late.

Xanthogranulomatous Cholecystitis

This chronic inflammatory condition is uncom-
mon in the gallbladder and is analogous to xan-
thogranulomatous pyelonephritis. The presence
of chronic infection in a setting of cholelithiasis
and bile stasis presumably leads to recurrent
inflammation. Also, obstruction and intramural
rupture of Rokitansky-Aschoff sinuses appear
to play a role. Xanthogranulomatous cholecysti-
tis ranges from a focal condition involving only
a portion of the gallbladder wall to diffuse
inflammation and fibrosis extending into sur-
rounding tissues. Intramural abscesses and
inflammation are eventually replaced by lipid-
filled histiocytes, round cells, and other tissue.
It has developed after placement of metallic
biliary stents. Histology reveals both abscesses
and xanthogranulomas, seen as intramural
nodules on imaging studies.

Imaging findings are nonspecific in most
patients. The gallbladder wall is irregular and
thickened, and it blends into adjacent liver
parenchyma. Gallstones are common. Com-
puted tomography reveals an intramural hypo-
dense band in about one third of patients (37)
or intramural hypodense nodules; similar intra-
mural hypoechoic nodules or bands are found
with US. A thickened gallbladder wall ranges
from hyperechoic to isoechoic and even hypoe-
choic compared to liver parenchyma. Chemical
shift MR is useful to detect any fat (38). Peri-
cholecystic fluid is an inconsistent finding.

Xanthogranulomatous cholecystitis and 
gallbladder carcinoma tend to have a similar
imaging appearance. Complicating the issue 
is that patients with xanthogranulomatous
cholecystitis are at increased risk of developing
a carcinoma. Of interest is that increased serum
carbohydrate antigen 19–9 (CA 19–9) levels
occur in xanthogranulomatous cholecystitis
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without evidence of an underlying malignancy
(39).

Percutaneous gallbladder needle biopsy is
usually nondiagnostic, and histologic study of
the resected gallbladder is necessary.

Laparoscopic cholecystectomy is difficult and
often not successful. Extensive resection is nec-
essary, but this carries a risk of bile duct injury.
Intraoperative cholangiography is useful for
guidance.

Porcelain Gallbladder

The term porcelain gallbladder is applied to a
type of chronic cholecystitis containing a calci-
fied gallbladder wall. The prevalence of porce-
lain gallbladder varies depending on the specific
definition used and whether conventional 
radiographs or CT are employed. In a study of
patients with acute abdominal pain operated on
for acute cholecystitis, conventional radiogra-
phy revealed linear gallbladder wall
calcifications in slightly under 5% (27).

Occasionally a porcelain gallbladder and xan-
thogranulomatous cholecystitis coexist; a carci-
noma is in the imaging differential diagnosis.

When extensive, these calcifications are de-
tected with most imaging modalities. Still, the
diagnosis is not always straightforward because
large calcified confluent gallbladder stones have
a similar appearance, especially with conven-
tional radiography. In fact, large calcified stones
are more common than a porcelain gallbladder.

Ultrasonography reveals a hyperechoic circu-
lar gallbladder outline with marked posterior
shadowing. In some patients only part of the
gallbladder wall is calcified. The sonographic
findings are similar to those seen with a gall-
bladder filled with stones or even emphysema-
tous cholecystitis.

Most authors agree that a porcelain gallblad-
der is precancerous. Therefore, even in a rela-
tively asymptomatic patient a cholecystectomy
is generally recommended. A laparoscopic
cholecystectomy is feasible with a porcelain
gallbladder.

Dengue Fever
Dengue hemorrhagic fever is a systemic disor-
der, but its severity can be gauged by using US
to assess gallbladder wall thickness and the

presence of intraperitoneal fluid. A prospective
study in patients with mild disease found US
evidence of gallbladder wall thickening in 32%,
while with a more severe illness gallbladder wall
thickening was seen in 95% (40); a gallbladder
wall thickness ≥5 mm had a 92% specificity in
identifying patients at high risk for hypov-
olemic shock, while a gallbladder wall thickness
between 3 and 5 mm was used as a criterion for
hospital admission.

Cholangitis
Acute cholangitis is caused by infection of
an obstructed biliary tree, with the obstruc-
tion usually secondary to choledocholithiasis.
Cholangitis is less common with a malignant
obstruction. Occasionally acute cholangitis
develops in a setting of bile duct sludge, with
sludge presumably leading to intermittent
obstruction.

An association probably exists between a
peri-Vaterian diverticulum and cholangitis. The
risk for cholangitis is increased if the common
bile duct drains directly into the diverticulum.
Distal duodenal obstruction more often results
in pancreatitis rather than cholangitis (Fig.
8.14).

Figure 8.14. Obstructed afferent loop (arrow) causing 
cholangitis.



449

GALLBLADDER AND BILE DUCTS

Typically eosinophilic gastroenteritis in-
volves the stomach and small bowel, although
eosinophilic cholangitis also exists. When
extensive, imaging reveals marked bile duct wall
thickening and lumen narrowing.

Infection

Pyogenic

Most pyogenic cholangitis develops in a setting
of choledocholithiasis and, less often, strictures.
An occasional patient forms recurrent stones
and develops multiple episodes of ascending
cholangitis. The bile ducts dilate and bile stasis
is evident. Complications include liver abscess
and portal vein thrombosis.

Focal or generalized bile duct dilation and
strictures are the only consistent imaging
finding in pyogenic cholangitis, although many
of these patients also have bile duct stones and
biliary obstruction. The bile duct wall is thick-
ened and inflamed, identified by CT and MR 
as increased postcontrast enhancement. Often
focal liver enhancement is also evident.

Computed tomography reveals liver
inflammatory pseudotumors in some patients
with pyogenic cholangitis, consisting of ill-
defined and hypodense regions; early arterial
phase images reveal nodular or wedge-shaped
inhomogeneous enhancement, presumably due
to chronic inflammation (41). Postcontrast, a
central hypodense region is believed to repre-
sent chronic inflammation, while septa are sec-
ondary to fibroblastic proliferation (42).

An MRCP in recurrent pyogenic cholangitis
is able to outline major bile ducts and thus is
often superior to direct cholangiography. In one
study, MRCP depicted all dilated segments, 96%
of duct strictures, and 98% of segments con-
taining calculi (43); direct cholangiography, on
the other hand, depicted only about half the
dilated segments, ductal strictures, and calculi.

In some institutions the initial therapy for
acute cholangitis consists of antibiotics and
general supportive therapy. With a poor
response, especially in a high surgical risk
patient, endoscopic or percutaneous biliary
drainage is performed to bypass an obstruction.
Others believe that early endoscopic biliary
drainage is warranted in these patients, and
endoscopic drainage should be performed on

an urgent basis. In severe cholangitis, endo-
scopic biliary drainage is associated with a
lower morbidity and mortality than with 
surgical decompression. Percutaneous tran-
shepatic drainage or surgical drainage is a
viable option if endoscopic drainage cannot be
performed.

In general, prolonged interventional proce-
dures during the acute phase are associated with
increased complications. Excessive catheter
manipulation should be avoided, with the aim
being to place a biliary drainage catheter 
proximal to the obstruction.

Yearly surveillance ERCP has been proposed
for patients with recurrent bile duct stones who
are prone to developing episodes of acute
cholangitis (44); stone removal decreases risk of
cholangitis.

Hepatolithiasis (Oriental
Cholangiohepatitis)

Hepatolithiasis, previously known as Oriental
cholangiohepatitis, recurrent pyogenic cholangi-
tis, and primary intrahepatic stones, is most
often encountered in patients from East Asia,
with only an occasional non-Oriental patient
reported. Prevalence in East Asia varies consid-
erably between countries. The hallmark of this
condition is intrahepatic bile duct stones prox-
imal to the confluence of right and left hepatic
ducts.

The etiology of hepatolithiasis is not clear.
Bile stasis and bacterial infection probably play
a role. Some believe that infestation with the
parasites Clonorchis sinensis or Ascaris lumbri-
coides results in an inflammatory reaction that
starts a cycle of stasis, stone formation, and
strictures, but evidence for such an association
is not convincing. In Japan, a congenital basis
for these strictures has been raised, with some
patients having congenital common bile duct
dilation.

Multiple strictures develop and calculi and
debris form proximal to these strictures (Fig.
8.15). Both intra- and extrahepatic bile ducts
eventually dilate, but stones form intrahepati-
cally, more often in the left lobe rather than right
lobe ducts. These stones tend to be composed of
calcium bilirubinate; they tend to be soft, adhere
to the duct wall, and vary in size. Their number
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ranges from several to multiple, in some
patients filling most of the visualized bile ducts.
In fact, often not all bile ducts are visualized by
cholangiography because of segmental obstruc-
tion by stones.

This condition is progressive and not curable.
Involved liver segments tend to atrophy.
Untreated, recurrent cholangitis, liver abscesses,
cirrhosis and eventual portal hypertension
develop.

Clinically, the diagnosis is readily missed 
in countries with a low prevalence. Liver
enzymes often are only mildly elevated, and 
the initial ERCP findings are subtle; early on,
the extrahepatic ducts tend to appear normal,
while a tight intrahepatic stricture prevents
visualization of a more proximal stone in a
dilated duct.

In some patients the sphincter of Oddi is
destroyed, with reflux of gas and intestinal
content into bile ducts. At times orally ingested
contrast refluxes into the bile ducts. Stones and
air bubbles can be confused with each other.

Computed tomography can suggest the 
diagnosis by detecting dilated intrahepatic bile
ducts and stones. Once the diagnosis is sus-
pected, ERC defines the underlying anatomy
using, if necessary, a balloon catheter to dilate
and obtain adequate filling of intrahepatic
ducts. At times percutaneous cholangiography
is necessary to outline the full extent of hepa-
tolithiasis. Adequate antibiotic coverage is 

necessary for these procedures because these
patients are prone to cholangitis and sepsis.

Not all strictures in oriental cholangitis are
benign. These patients are at increased risk 
for a cholangiocarcinoma. Because of distortion
and obstruction by stones, an intrahepatic
cholangiocarcinoma is readily overlooked. This
tumor infiltrates diffusely and mimics a benign-
appearing stricture. Imaging in patients with
cholangiocarcinoma in a setting of hepatolithi-
asis reveales irregular ductal strictures or
obstruction and lobar atrophy (45); tumors and
stones tend to be located in the same lobe. Some
of these patients have an intraductal papillary
tumor and mucin hypersecretion.

Generally, the initial therapy of these patients
is surgical. Stone extraction, various biliary
drainage procedures, and, at times, partial 
hepatectomy are performed. Liver resection is
recommended by some surgeons for patients
with intrahepatic segmental or subsegmental
biliary stenoses. Some perform a partial left
lobe resection if bilateral hepatolithiasis and
strictures are found; they believe a lobectomy
simplifies future treatment and may decrease
complications. At times a Roux-en-Y hepatico-
jejunostomy is performed in order to clear
stones. It is important at surgery to ensure that
all stones are located and removed. Intraopera-
tive US-guided transhepatic lithotomy is useful
to detect residual stones; stones are located by
US, and a surgical path is then chosen using US
guidance.

A number of endoscopic and percutaneous
transhepatic techniques have been developed 
to deal with these intrahepatic strictures and
stones. At times a temporary surgical cutaneous
stoma is created, allowing endoscopic access for
cholangiography, stricture dilation, and stone
removal. Some patients undergo exploration of
extrahepatic bile ducts, any accessible stones are
removed and a T-tube is inserted; using the T-
tube tract for access, strictures are then dilated,
stones removed, or electrohydraulic lithotripsy
performed. The aim of therapy is complete
stone clearance, although stone recurrence is
common.

An alternative approach in some patients is
percutaneous transhepatic cholangioscopy and
lithotripsy. As needed, percutaneous or endo-
scopic stricture dilation and stone extraction
are performed. Smaller intrahepatic stones 
can be pushed into more central ducts, while

Figure 8.15. Oriental cholangiohepatitis. Computed tomogra-
phy reveals stones (arrows) within dilated intrahepatic bile
ducts.
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larger stones are crushed. Stones can also be
fragmented using extracorporeal shockwave
lithotripsy.

Clonorchiasis

River fluke Clonorchis sinensis larvae migrate
from the duodenum into bile ducts where 
they mature, preferentially residing in smaller
intrahepatic ducts. With sufficient infestation,
the intrahepatic bile ducts dilate, with essen-
tially unremarkable major intra- and extrahep-
atic ducts. Small duct dilation is probably due to
obstruction by these worms. Periductal and
ductal inflammation ensue.

The initial abnormality detected by imaging
is mild dilation of intrahepatic ducts. Eventually
a full spectrum of oriental cholangiohepatitis
develops.

Ultrasonography reveals worm aggregates as
nonshadowing echogenic masses. Individual
flukes are about 10 mm in length and thus 
considerably smaller than an Ascaris worm.
Resultant cholangitis often leads to duct wall
thickening and increased echogenicity.

Ascariasis

Ascariasis is a common helminthic infestation
found worldwide, being especially prevalent in
the tropics. In the United States it occurs in the
deep South. The adult Ascaris lumbricoides
worm lives in the intestinal tract where it 
produces few symptoms. Biliary obstruction,
cholangitis, cholecystitis, pancreatitis, and an
intrahepatic abscess are complications if an
adult worm migrates into the bile ducts.
Biliary ascariasis is more common in children
than in adults. Several reports have commented
on a sphincterotomy predisposing to biliary
infestation.

Computed tomography identifies a worm as
a hyperdense tubular structures surrounded by
bile. When viewed in a transverse section, the
worm has a “bull’s-eye” appearance. Several
worms, especially if coiled, appear as an intra-
luminal tumor.

Ultrasonography reveals a worm as a tubular
hyperechoic structure within the bile ducts or
gallbladder (Fig. 8.16). At times worm motion is
identified. A long curved, tubular, nonshadow-
ing structure containing a hypoechoic center,
called the impacted worm sign, is occasionally

identified in intrahepatic ducts; macerated
round worms are seen as focal intraluminal soft
tissue masses, with the US appearance mimick-
ing a cholangiocarcinoma.

Magnetic resonance cholangiopancreatogra-
phy has detected a hyperintense signal inside
the worm digestive tract, presumably due to
fluid in its gut.

The diagnosis is also established by ERC, and
this technique is then used to remove the worm.

Fascioliasis

Most patients with Fasciola hepatica infesta-
tions have few symptoms. Occasionally bile 
duct involvement results in biliary colic 
or multiple pyogenic liver abscesses. Eosino-
philia is common with acute infestation but 
not a chronic condition. Serologic testing is 
available.

Computed tomography detects hypodense
foci scattered in the liver; these lesions resolve
after therapy. MRI detects a hyperintense liver
capsule in about half of infected patients (46);
intrahepatic involvement ranges from hypo-
intense regions on T1-weighted images and
hypo- to hyperintense on T2-weighted images.

Cholangiography reveals curvilinear radiolu-
cent defects several centimeters long within bile
ducts. Rarely, fascioliasis involves the gallblad-
der. Superimposed biliary calculi, strictures,
and regions of fusiform dilation develop with
chronic infestation. Differential diagnosis of
biliary fascioliasis includes sclerosing cholangi-
tis and infection with other parasites such as

Figure 8.16. Biliary ascariasis. Ultrasonography shows a tubular
hyperechoic structure (arrow) in the common bile duct. (Cour-
tesy of Ronald O. Bude, M.D., University of Michigan.)
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Clonorchis sinensis (flukes are smaller), Ascaris
lumbricoides (worms are larger), or Entamoeba
histolytica.

Endoscopic sphincterotomy and balloon
extraction of parasites are feasible. An endo-
scopic basket can also be used to remove the
worm.

Tuberculosis

Hepatic parenchymal tuberculosis is more
common than bile duct involvement. Primary
biliary tuberculosis is less common than peri-
portal lymphadenitis and secondary biliary
obstruction. In some patients acid-fast bacilli
can be aspirated from bile during ERCP.

Actinomycosis

In distinction to pelvic involvement, biliary
actinomycosis is rare.

Resection of a cystic duct remnant in an 
80-year-old woman with a prior cholecystec-
tomy and closure of a cholecystoduodenal
fistula 3 years previously revealed several dense
basophilic tumors containing gram-positive
branching bacilli, with fluorescent-antibody
staining for Actinomyces naeslundii (47); acid-
fast bacilli staining was negative.

Primary Sclerosing Cholangitis

Clinical

Primary sclerosing cholangitis (PSC) is a
chronic cholestatic disease clinically charac-
terized by fatigue, pruritus, and jaundice.
The etiology is not known. It can occur at 
any age, including early childhood; some of
these patients have had previous neonatal 
jaundice.

Primary sclerosing cholangitis is a slowly
progressing condition. The diagnosis is sus-
pected by finding a cholestatic biochemical
profile and confirmed by imaging of an abnor-
mal biliary tract. In some, the disorder gradu-
ally progresses to cirrhosis and hepatic failure,
and these patients are considered for liver 
transplantation.

An initial diagnosis of PSC during preg-
nancy is probably fortuitous. Liver function
does not deteriorate during pregnancy, and

pregnancy does not have a negative effect on
PSC progression.

These patients are at increased risk of devel-
oping a cholangiocarcinoma and gallbladder
adenocarcinoma.

Associated Conditions

Sclerosing cholangitis does occur as an isolated
condition. More typical, especially in younger
patients, is an association with inflammatory
bowel disease. Liver involvement in patients
with ulcerative colitis is not uncommon,
although the reported prevalence varies consid-
erably. Part of the confusion is that some
patients with ulcerative colitis have nonspecific
inflammation surrounding bile ducts; whether
such pericholangitis is a variation of sclerosing
cholangitis or a separate entity is unknown.

Sclerosing cholangitis developing in a setting
of inflammatory bowel disease is still called
primary; in spite of such an association, no 
evidence exists that bowel inflammation results
in biliary changes. In fact, in some patients 
sclerosing cholangitis precedes the clinical
detection of inflammatory bowel disease.

In the past, some authors excluded a diagno-
sis of PSC if bile duct calculi were present. Yet
clinically and radiologically some patients have
both sclerosing cholangitis and calculi, and 
bile duct calculi should be considered part of
the spectrum of PSC.About 10% of PSC patients
have intrahepatic bile duct calculi, and a similar
number have chronic pancreatitis. An MR study
of patients with PSC detected pancreatic 
abnormalities in 46%, consisting of a hypoin-
tense pancreas on T1-weighted images, hyper-
intense on T2-weighted images, decreased
enhancement during the arterial phase, pancre-
atic enlargement, pancreatic duct narrowing,
and peripancreatic edema or fluid (48).

Some patients with autoimmune hepatitis
have cholestasis and bile duct strictures similar
to those found in PSC. Occasionally reported 
are associations of PSC with thymoma and
hypogammaglobulinemia, Sjögren’s syndrome,
Graves’ hyperthyroidism, systemic lupus ery-
thematosus, and celiac sprue. Sclerosing cholan-
gitis has developed during interferon therapy.
Whether Langerhans’ cell histiocytosis, result-
ing in lung cysts and beaded intrahepatic ducts
in infants and a rare adult, is related to PSC is
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conjecture. An interesting observation is that
the odds of having primary sclerosing cholan-
gitis is significantly decreased among those who
smoke (49).

Pathology

Fibro-obliterative inflammation of both intra-
and extrahepatic bile ducts is a constant feature
of PSC. The presence of liver noncaseating and
nonnecrotizing granulomas is generally con-
sidered a feature of primary biliary cirrhosis,
although similar granulomas are occasionally
detected in PSC.

In Japan, eosinophilia is found in a large
minority of patients with primary sclerosing
cholangitis. Similarly, about a third of patients
with PSC are antinuclear antibody positive.

Imaging

Both intra- and extrahepatic bile ducts are
involved. In a minority of patients only intra-
hepatic ducts are affected (Fig. 8.17), some of
the bile ducts become amputated, and the
imaging appearance superficially mimics that
seen with primary biliary cirrhosis. A minority
of patients develop diverticular-like outpouch-
ings (Fig. 8.18). These intramural diverticula
appear as cyst-like structures within the bile
wall and, if present, are almost pathognomonic
of sclerosing cholangitis.

Classic findings in sclerosing cholangitis
consist of multiple strictures varying in length
and caliber. A beaded appearance to the bile
ducts is not uncommon, with beading ranging
from a fine, barely perceptible change in caliber
to a coarse, undulating outline. Beading is
difficult to evaluate with CT; dilated intrahepatic
ducts, regardless of cause, often have an appar-
ent beaded appearance as they course through
different axial planes. Extensive hepatic fibrosis
and bile duct wall thickening are common. On
noncontrast CT fibrosis appears as hypoattenu-
ating regions that become isoattenuating post-
contrast. Duct wall thickening ranges from
diffuse to focal.

Periportal fibrosis results in hyperechoic
portal triads. Bile duct wall thickening appears
variable in echogenicity with endoluminal 
US.

In some studies of PSC patients, MRCP has
better defined intrahepatic bile ducts and
identified more strictures than ERCP (50). Its
noninvasive nature makes it attractive for fol-
lowing established disease and evaluating intra-
hepatic ducts not visualized by ERCP.
Once PSC is well established, MRI identifies
intrahepatic bile duct dilation, intrahepatic and
extrahepatic bile duct stenosis, occasionally a
resultant beaded appearance, and bile duct 
wall thickening and enhancement (51). A 
major function of MR is to identify underlying
parenchymal damage. Magnetic resonance
imaging identifies peripheral wedge-shaped
hyperintense regions on T2-weighted images,
regions often showing increased arterial-phase
enhancement and an occasional reticular
pattern (51,52). The significance of the MR
parenchymal findings is not clear, and this topic
is ripe for further research.

Scintigraphy confirms bile retention within
bile ducts. Single photon emission computed
tomography (SPECT) images reveal multiple
focal regions of tracer retention due to bile
stasis. In some patients an otherwise normal
gallbladder fails to visualize with radiotracer.

Lymph node enlargement is not uncommon,
with both porta hepatis nodes and other
intraabdominal sites involved. Periportal edema
is also detected.

Biliary abnormalities in most patients gradu-
ally progress over years; a more sudden change
in a stricture should suggest an underlying
cholangiocarcinoma. Eventually, cirrhosis and
portal hypertension ensue. The right and left
lobe atrophy, the caudate lobe hypertrophies,
and the liver develops a prominent lobular
appearance, a finding less commonly found with
other causes of cirrhosis.

In spite of an occasional optimistic statement
that cholangiocarcinomas can be detected in a
setting of sclerosing cholangitis, not uncom-
monly an unsuspected cancer is first discovered
by a pathologist after liver transplantation. Dis-
tortion by underlying disease makes detection
of superimposed tumors difficult. Intraluminal
polypoid cancers are least common in these
patients; more often, a dominant stricture is
found to consist of fibrosis with interspersed
cancer cells. Even delayed CT contrast enhance-
ment, a prominent feature with most cholan-
giocarcinomas, is often missing with these
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cancers. Sudden, more proximal bile duct dila-
tion should suggest a neoplastic stricture, but at
that point one is already dealing with a wide-
spread tumor.

An ERCP appearance similar to intrahepatic
sclerosing cholangitis has been described with
polycystic liver disease; perihilar cysts can
indent bile ducts sufficiently to produce an
irregular outline.

Therapy

No specific medical treatment is available for
primary sclerosing cholangitis. Orthotopic 

liver transplantation is currently the definitive
therapy. Because of the risk of developing a
cholangiocarcinoma, some investigators are
recommending liver transplantation earlier in
the course rather than waiting until hepatic
failure and cirrhosis develop. Because these
patients are also at increased risk for 
hepatocellular carcinoma, screening for 
hepatocellular carcinoma as well as for cholan-
giocarcinoma prior to orthotopic liver trans-
plantation appears reasonable. The prognosis 
is very poor if a cholangiocarcinoma is found
even as an incidental finding after liver 
transplantation.

Figure 8.17. Severe intrahepatic sclerosing cholangitis. Right
lobe (A) and left lobe (B) ducts reveal numerous strictures. C: 
Sclerosing cholangitis in another patient involves both intra- and
extrahepatic ducts (arrows). A major stricture is present at the
right and left lobe junction.

A

B
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Endoscopic dilation of major duct stenoses is
a temporizing measure in this generally pro-
gressive condition. In a minority of patients one
extrahepatic bile duct stricture is responsible
for most obstructive symptoms. Bile duct stric-
ture dilation, especially surgical repair, should
be approached cautiously. An occasional pa-
tient develops rapid progression of sclerosing
cholangitis postoperatively; whether a fibropro-
liferative response is induced by duct manipu-
lation is speculative.

A stent through a major stricture provides
temporary relief in some, although stent occlu-
sion is a common long-term complication. One
variant is to provide short-term stenting; inter-
estingly, these ducts tend to remain patent for
months afterward.

Also of interest is that immunosuppression
after liver transplantation does not influence
inflammatory bowel disease in these patients.

Secondary Sclerosing Cholangitis

Secondary sclerosing cholangitis is associ-
ated with some infections, including HIV, bile
duct ischemia, some pharmacotherapy, hepatic
artery chemotherapy, and embolization and

postsurgical complications. As an example, if a
hydatid liver cyst communicates with the bile
ducts, intracystic injection of a scolicidal 
solution (formaldehyde) may result in solution
spread to the bile ducts and lead to secondary
sclerosing cholangitis. Likewise, intraarterial
infusion of chemotherapeutic agents has led to
bile duct strictures; the perihilar region is most
often involved, with these strictures having a
smooth and symmetrical appearance.

Imaging findings of secondary sclerosing
cholangitis are similar to those seen with PSC.

Autoimmune Cholangitis

Autoimmune cholangitis is a newly described
entity containing features suggestive of primary
biliary cirrhosis and autoimmune hepatitis; a
relationship between autoimmune cholangitis
and autoimmune hepatitis is not clear. Indeed,
whether these should be considered separate
entities or whether they simply represent
specific liver pathways responding to an insult 
is unknown (primary biliary cirrhosis and
autoimmune hepatitis are discussed in Chapter
7).

Clinically these patients have cholestasis, ele-
vated antinuclear antibody titers, and negative
antimitochondrial antibody titers, while histol-
ogy reveals findings of primary biliary cirrhosis
together with inflammation.

An occasional patient with Sjögren’s syn-
drome has findings consistent with autoim-
mune cholangitis.

Gallbladder Tumors
Gallbladder polyps range from nonneoplastic to
neoplastic, from sessile to pedunculated, from
small to large. Most are several millimeters in
size and are nonneoplastic. They are rare in 
children.

Detection
Computed Tomography

Larger gallbladder polyps are readily identified
by CT. Precontrast CT reveals a majority 
of benign polyp to be isodense to bile and 

Figure 8.18. Irregular diverticular-like outpouchings (arrow)
are an uncommon but characteristic finding in sclerosing
cholangitis.
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most malignant polyps to be hyperdense.
Both benign and malignant polyps enhance
postcontrast and, especially for smaller ones,
postcontrast imaging is necessary for their
detection.

Ultrasonography

The prevalence of gallbladder polyps in diabet-
ics and matched controls in an epidemiologic
study of gallstones was 7%, with a marked male
predominance (53); 90% of these polyps were
<10 mm in diameter. No statistical difference in
polyp prevalence was evident between diabetics
and nondiabetic controls.

Conventional US readily detects gallbladder
polyps. The prevalence of cancer increases
directly with polyp size, and polyps >1 cm in
diameter are at considerable risk for carcinoma.
The vast majority of polyps <5 mm are choles-
terol polyps, but an occasional cancer is <1 cm
in diameter.

Endoscopic US also detects gallbladder
polyps. The endoscopic US contour of a pedun-
culated gallbladder polyp is helpful in its differ-
entiation; polyps having a granular contour and
a foamy or globular echo pattern are mostly
nonneoplastic, while a smooth, nodular, and
solid appearance suggests a neoplasm.

Magnetic Resonance Imaging

A majority of polyps exhibit varying degrees 
of postcontrast MR enhancement, thus distin-
guishing them from gallstones. Cancers tend to
have early and prolonged enhancement, but
benign tumors vary in their washout patterns.

Nonneoplastic Tumors
Cholesterol Polyp/Cholesterolosis

Cholesterol polyps, or cholesterolosis, are the
most common gallbladder polyps. The surgical
literature refers to cholesterolosis as a “straw-
berry gallbladder.” They range from solitary to
multiple. Gallstones may or may not be present.

Cholesterolosis is often an incidental diagno-
sis, usually made by a pathologist. These polyps

are not considered premalignant, although an
occasional carcinoma is surrounded by glandu-
lar dysplasia and cholesterolosis; the carcinoma
probably originates first and tumor epithelium
then absorbed cholesterol from bile. Choles-
terolosis is not part of the spectrum of acute
cholecystitis. No association exists with sys-
temic disorders such as atherosclerosis or 
diabetes.

Even if detected preoperatively, cholesterolo-
sis and adenomyomatosis are not believed to be
indications for cholecystectomy.

Smaller cholesterol polyps are not detected
with unenhanced CT but become evident 
postcontrast.

Conventional US shows most larger choles-
terol polyps to be pedunculated, have a granu-
lar surface, and tend toward a hypoechoic
appearance, but smaller ones are mostly hyper-
echoic. Smaller polyps are nonmobile and
adhere to the gallbladder wall, and both large
and small are without acoustic shadowing. The
smaller ones tend to have a smooth outline; they
become irregular with growth. Endoscopic US
with its higher resolution is preferred over 
conventional US when evaluating gallbladder
polyps.

Some authors suggest that persistence of
gallbladder contrast 24 hours after an oral
cholecystogram is indirect evidence of choles-
terolosis. No objective data support this 
statement, and one should not rely on this
finding.

Although generally not warranted, US-guided
percutaneous transhepatic needle aspiration
cytology can diagnose cholesterol polyps.

Adenomyoma/Adenomyomatosis

Adenomyomatosis presents either as a focal
gallbladder narrowing or as diverticular-like
outpouchings, most often in the gallbladder
fundus. These outpouchings, also called chole-
cystitis glandularis proliferans, are believed to
represent both mucosal herniation into muscu-
laris propria and prominent Rokitansky-
Aschoff sinuses. A rare report describes a
carcinoma associated with adenomyomatosis,
probably being coincidental. Although some-
what controversial, in most patients adenomy-
omatosis is generally believed not to be
associated with symptoms.
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In general, an oral cholecystogram provides
more information about adenomyomatosis and
cholesterolosis than US but is a procedure
seldom performed today. Adenomyomatosis
tends to be more prominent after a fatty meal
and is best seen on a post–fatty meal oral 
cholecystogram. A number of prior reports of
gallbladder diverticula probably describe ade-
nomyomatosis; their imaging differentiation is
not clear, although some authors do attempt to
differentiate between these two entities.

A typical appearance in a contrast-filled gall-
bladder consists of irregular diverticular-like
outpouchings. When subtle, the fine granular
outpouchings are difficult to identify with most
current imaging techniques. At times imaging
reveals a circumferential gallbladder fold result-
ing in an hourglass appearance (Fig. 8.19).
Superficially the latter condition mimics a gall-
bladder septum. A rare adenomyoma appears
polypoid.

Magnetic resonance RARE sequences and
breath-hold are superior to other pre- and post-
contrast techniques in detecting Rokitansky-
Aschoff sinuses (54). Adenomyomatosis is
identified as small intramural foci hypoin-
tense on T1- and hyperintense on T2-weighted
images. These outpouchings should not
enhance postcontrast, but adjacent gallbladder
mucosa does enhance, especially if concur-

rent inflammation is present, and thus the 
occasional description of adenomyomatosis as
hypointense spots in a more hyperintense gall-
bladder wall. Small outpouchings blend into the
gallbladder wall and result in a not uncommon
postcontrast appearance of homogeneous,
continuous wall enhancement.

Hyperplastic/Inflammatory Polyp

Macroscopic hyperplastic polyps are uncom-
mon, although an occasional large one is
detected. Larger ones tend to enhance with con-
trast and angiography may even reveal neovas-
cularity and a tumor stain.

Ectopic Tissue (Pancreatic or Gastric)

Heterotopic gastric mucosa or pancreatic tissue
is occasionally found in the gallbladder. Most
are polypoid, often located in the fundus. Ultra-
sonography reveals an echogenic polyp in the
gallbladder.

Benign Neoplasms
Adenoma

Gallbladder adenomas are uncommon. Small
adenomas range from pedunculated to sessile in
appearance. Some adenomas are located in a
region of adenomyomatous hyperplasia. An
occasional gallbladder villous adenoma is not
detected by transabdominal US because the
gallbladder is filled with mucinous material; CT
should detect these. Gallbladder adenomyomas
are rare.

Malignant Neoplasms
The overwhelming majority of gallbladder
malignancies are primary carcinomas, with only
an occasional sarcoma, lymphoma, carcinoid, or
metastasis reported.

Adenocarcinoma

Clinical

Most early gallbladder carcinomas are detected
by a pathologist after cholecystectomy for
cholecystitis. In spite of an occasional early

Figure 8.19. T2–weighted image of adenomyomatosis. The
gallbladder contains a transverse fold (arrow) and several gall-
stones (arrowhead). The pancreatic and bile ducts are dilated
secondary to a pancreatic cancer. (Source: Burgener FA, Meyers
SP, Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic 
Resonance Imaging. Stuttgart: Thieme, 2002, with permission.)
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stage, even when only a microscopic carcinoma
is identified, metastases often are already
present. Jaundice in a setting of cancer generally
implies spread to lymph nodes adjacent to
extrahepatic bile ducts. An occasional gallblad-
der carcinoma invades the liver, necroses, and
becomes infected, and the patient presents with
a liver abscess.

A rare gallbladder carcinoma results in a-
fetoprotein secretion. Immunostaining detects
overexpression of p53 protein in most gallblad-
der cancers and overexpression appears directly
related to increasing carcinoma grade.

Ultrasonography screening of a high-risk
population is occasionally proposed to detect
early gallbladder carcinomas, but such a prac-
tice is not common. Even if detected early, prog-
nosis is generally poor.

Compared to normal ducts, patients with a
congenital anomalous pancreaticobiliary junc-
tion are at increased risk for developing 
gallbladder cancer (sphincter of Oddi anom-
alies are discussed in the earlier Congenital 
Abnormalities section).

An association of gallbladder cancer with
chronic cholecystitis is well known. Likewise,
because of the high risk for cancer, detection of
a porcelain gallbladder is generally deemed an
indication for elective cholecystectomy. Patients
with chronic Salmonella typhi infection are at
increased risk for several hepatobiliary cancers,
including gallbladder carcinoma. A possible
association between actinomycosis and gall-
bladder carcinoma is suggested.

An increased prevalence of gallbladder carci-
noma is found in a setting of sclerosing cholan-
gitis, although the much higher risk of primary
bile duct carcinoma overshadows gallbladder
involvement.

Synchronous primary gallbladder and extra-
hepatic bile duct carcinomas are uncommon.
Often differentiation of separate primaries from
metastases is difficult.

Pathology

Carcinoma-in-situ implies a tumor limited to 
the epithelium and is usually detected by the
pathologist after cholecystectomy for cholelithi-
asis. Most in-situ carcinomas discovered after
laparoscopic cholecystectomy do not manifest
lymphatic, venous, or perineural invasion and
thus are potentially curable.

A diagnosis of early gallbladder carcinoma is
rarely made outside of Japan. Japanese investi-
gators divide these early tumors into superficial
flat and superficial elevated types. The
superficial flat carcinomas are not detected by
imaging and are difficult to identify even by a
pathologist. Sessile cancers are more common
than pedunculated ones.

Histologic variants include papillary, muci-
nous, and an occasional clear cell carcinoma,
although most are simply reported as adeno-
carcinomas. They range from well differentiated
to anaplastic. A number of tumors contain 
more than one subtype, thus complicating the
histologic subdivision. Papillary carcinomas
tend to grow intraluminally, and some have a
cauliflower-like appearance. Most gallbladder
carcinomas, however, infiltrate early and 
extensively.

Detection

A number of studies confirm that a preoperative
diagnosis of gallbladder cancer is achieved in
only 30% to 40% of patients. In particular, stages
0 to II are diagnosed either at surgery or, more
often, at histology. Imaging detection of a soli-
tary gallstone, a gallstone elevated because of
focal wall thickening, an intraluminal or inva-
sive tumor, and discontinuity of the mucosal
echo pattern suggests a carcinoma. Gallbladder
wall thickening is found with both benign and
malignant disease. An asymmetric or irregular
wall thickening, however, is more common with
a cancer. Also, a large polyp or an infiltrating
tumor replacing most or all of the gallbladder
lumen or invading adjacent structures suggests
a cancer, regardless of whether or not gallstones
are present. Nevertheless, a not uncommon sce-
nario is a thickened gallbladder wall detected 
by CT or US, believed to represent chronic
cholecystitis, containing a gallbladder cancer.

A necrotic, perforated gallbladder cancer
mimics acute cholecystitis both clinically and
by imaging. Some tumors contain hypodense
regions, signifying necrosis. Viable tumor tends
to enhance postcontrast. Currently the primary
role of both CT and MR is in staging rather than
diagnosis.

A rare mucus-secreting gallbladder carci-
noma develops sufficient intratumoral calci-
fications to be visible by CT or even with
conventional radiography.
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Ultrasonography reveals either focal gall-
bladder wall thickening or an inhomogeneous,
hyperechoic, fungating, broad-based tumor
within the lumen with little acoustic shadowing.
With invasion of surrounding tissues quite
often the gallbladder is not recognized and 
US simply identifies a poorly marginated,
heterogeneous mass. Associated gallstones are
common. Most authors agree that endoscopic
US detects more and earlier gallbladder tumor
than conventional US, yet concomitant chole-
cystitis or stones often prevent tumor
identification. Color Doppler US of a carcinoma
reveals color signals both in intraluminal
tumors and gallbladder wall. The presence of a
high-resistance index is uncommonly detected
but is suggestive of a malignancy.

Gallbladder carcinomas most often are
hypointense on T1- and hyperintense on T2-
weighted images. Postcontrast MRI of carcino-
mas reveals early and irregular enhancement,
in distinction to the delayed wall enhancement
found in chronic cholecystitis. The usual three-
layer gallbladder wall MR appearance is
destroyed by a carcinoma but tends to be pre-
served with inflammatory disease.

In most instances cholangiography is not
helpful in detecting a gallbladder cancer
because of concurrent cystic duct obstruction.
Not uncommon is hepatic duct invasion due to
metastasis (Fig. 8.20).

Occasionally US-guided percutaneous tran-
shepatic fine-needle aspiration cytology from 
a tumor provides a diagnosis, although a 
malignant focus in an adenoma is readily
missed.

Staging

The tumor, node, metastasis (TNM) gallbladder
cancer staging system is outlined in Table 8.3. A
majority of cancers are already at an advanced
stage when first discovered. A gallbladder 
carcinoma spreads outside the gallbladder to 
adjacent liver and along the cystic duct to 
pericholedochal and superior pancreaticoduo-
denal lymph nodes. Patients with T1 tumors
tend not to have lymph node involvement, but a
majority of those with T2–T4 tumors have
lymph node metastases, with pericholedochal
and cystic lymph nodes being most often
involved. Involvement of multiple nodes is
common.

Computer tomography is commonly used to
stage gallbladder cancers, although the reported
CT detection of cancer spread outside the gall-
bladder varied considerably (Table 8.4). Similar
to a number of other tumors, CT has poor sen-
sitivity with T1 tumors. Some studies have
achieved helical CT accuracies in assessing
resectability of over 90% (48), keeping in mind
that resectability differs from cure. In particu-
lar, accuracy of gauging lymph node involve-
ment is poor even with multidetector CT. Still,
CT appears helpful in treatment planning.
Ultrasonography is considered inadequate in
staging gallbladder cancer.

Tumor spread to right and left bile duct
confluence or Portal vein invasion renders a
gallbladder carcinoma inoperable. In some
patients percutaneous transhepatic portogra-
phy and intraportal US are necessary to distin-
guish between vein compression and invasion.

Therapy

With the exception of carcinoma-in-situ, most
gallbladder cancers discovered at surgery imply
a poor prognosis. Even with an early lesion a
simple cholecystectomy is not necessarily cura-

Figure 8.20. Hepatic duct obstruction (arrow) secondary to
metastatic gallbladder carcinoma. Other metastases can have a
similar appearance.
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I or II. Aggressive surgery appears to improve
survival. A University of Bonn (Germany) study
of patients undergoing curative resection, con-
sisting of an extended cholecystectomy (chole-
cystectomy with lymphadenectomy and wedge
hepatic resection), anatomic segmentectomy of
segments IVa and V, or extended hepatectomy,
achieved an actuarial 5-year survival rate of
55% (56).

An endoprosthesis, placed either endos-
copically or percutaneously, is useful for pallia-
tion in some patients with an unresectable
carcinoma.

Chemotherapy has had little impact on 
survival.

Metastases/Recurrence

Gallbladder carcinomas metastasize widely,
even to bone. Spread to extrahepatic bile ducts,
gastrointestinal tract, and adjacent structures 
is common. Occasionally a distant metastasis is
the first clue to an underlying gallbladder carci-
noma. An exceptional patient with extensive
metastases, treated aggressively has prolonged
survival.

More than most cancers, gallbladder carci-
noma spreads readily along laparoscopic trocar
sites. A number of patients have an unsuspected
carcinoma first detected by a pathologist, with
trocar site recurrence identified several months
later. Even several recurrences have developed at
laparoscopic ports (57). Peritoneal seeding also
occurs, including localized seeding in the right
subphrenic space.

A suspected gallbladder carcinoma probably
is a contraindication to laparoscopic cholecys-
tectomy. When a laparoscopic cholecystectomy
is performed for an unsuspected carcinoma,
surgical and adjuvant radiotherapy to the trocar
sites appears reasonable.

Computed tomography identifies port track
recurrence as a homogeneous abdominal wall
tumor, often directly involving adjacent omental
fat (57). Recurrences tend to enhance markedly
on postcontrast CT.

Other Primary Carcinomas/Sarcomas

Both squamous and adenosquamous gallblad-
der carcinomas are uncommon. Often a large
tumor with invasion of adjacent structures is

Table 8.3. Tumor, node, metastasis (TNM) staging of
gallbladder tumors

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma-in-situ
T1a Tumor invades lamina propria
Tlb Tumor invades muscle layer
T2 Tumor invades perimuscular connective tissue;

no extension beyond serosa or into liver
T3 Tumor perforates serosa and/or invades liver 

and/or other adjacent organs
T4 Tumor invades main portal vein or hepatic 

artery or multiple extrahepatic organs

Lymph nodes:
Nx Regional nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant metastasis:
Mx Distant metastases cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Tumor stages:
Stage 0 Tis N0 M0
Stage IA T1 N0 M0
Stage IB T2 N0 M0
Stage IIA T3 N0 M0
Stage IIB T1 N1 M0

T2 N1 M0
T3 N1 M0

Stage III T4 any N M0
Stage IV any T any N M1

Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.

Table 8.4. Helical CT detection of gallbladder carcinoma

Sensitivity Specificity

T1 33% 94%

T2 64–73% 80%

T3 80% 81–88%

T4 100% 95%

Source: Adapted from Yoshimitsu et al. (55).

tive; an extended cholecystectomy with lymph
node dissection, at times combined with extra-
hepatic bile duct or hepatic resection, offers a
possible cure. A 5-year survival of 10% to 15%
is typical, with long-term survivors being stage
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found at initial presentation. These tumors tend
to spread widely, including hematogenously.

A gallbladder carcinosarcoma is rare. These
tumors tend to be large when first detected.

Small cell carcinomas are rare tumors spread-
ing diffusely and having a poor prognosis.
Immunochemistry reveals some of these
tumors to have a neuroendocrine cell origin,
and presumably they are derived from intestinal
metaplasia.

Lymphoma

Primary gallbladder lymphoma is sufficiently
rare that only case reports exist. Computed
tomography and US detects a complex tumor
confined to the gallbladder. Systemic lymphoma
also uncommonly involves the gallbladder.

MALT lymphomas have a propensity to
involve numerous mucosal sites. Thus a 53-year-
old woman with low-grade gastric mucosa-
associated lymphoid tissue (MALT) lymphoma
underwent a total gastrectomy, developed small
bowel recurrence 18 years later, underwent
chemotherapy, was in clinical remission, and
then was found to have gallbladder recurrence
3 years later (58).

Melanoma

Both primary and metastatic malignant gall-
bladder melanomas are reported. The presence
of another obvious primary site argues for a
metastasis; otherwise, a distinction between
primary and metastatic melanoma is difficult.
Indeed, the question can be raised: Does
primary gallbladder melanoma occur?

Autopsies of patients with malignant
melanoma show gallbladder metastases in 
15% to 20%; US reveals soft tissue tumors pro-
jecting into the lumen; an occasional one is
polypoid.

Metastases to Gallbladder

Aside from melanomas, metastases to the gall-
bladder are not common. Renal cell carcinoma
and gastric carcinoma are found occasionally. A
rare metastasis appears as a polyp. An occa-
sional metastasis presents as cholecystitis. Con-
fusing the issue, histologic differentiation of a
primary clear cell gallbladder carcinoma from a
metastatic renal cell carcinoma is difficult.

Bile Duct Obstruction/Tumors
Clinical
In considering bile duct disease, the initial task
is to establish whether jaundice is secondary to
nonobstructive or obstructive causes. Clinical
evaluation, including blood tests, makes this 
distinction in a majority of patients. The causes
of nonobstructive jaundice range from diffuse
liver disease, such as cancer, cirrhosis, and
inflammation, to a congenital or metabolic 
condition. An occasional cause is partial distal
duodenal obstruction. Once biliary obstruction
is suspected, the etiology is best approached by
subdividing patients by age and site of obstruc-
tion (Table 8.5). Thus a differential diagnosis
can be narrowed down considerably by com-
bining the clinical and imaging findings.

Liver function changes vary after the relief
of a biliary obstruction. Aminotransferase
enzymes respond differently to complete and
partial decompression; after complete decom-
pression these enzymes decline for a week or so
and then remain slightly higher than normal.
After partial decompression the enzyme 
levels continue being elevated. Serum alkaline
phosphatase, g-glutamyl transpeptidase (GGT),
serum total and direct bilirubins, and serum
albumin tend to decrease after both complete
and partial decompression in an inconstant
manner.

Detection
The borderline between a normal duct caliber
and a dilated duct is one of gradation; different
criteria have been established for different
imaging modalities. In general, if during ERC
study the extrahepatic bile duct diameter is
greater than the endoscope, the ducts are prob-
ably dilated. With US, if a bile duct diameter is
<40% of an adjacent portal vein branch, it 
probably is not dilated. When markedly dilated,
bile ducts tend to assume a somewhat beaded
outline.

Numerous studies have compared CT and 
US in their ability to identify the etiology of
an obstruction, with inconclusive results.
Ultrasonography appears to be more sensitive
than CT in identifying carcinomas, while CT
sensitivity is greater in detecting stones. Many
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past comparisons involved nonhelical CT;
undoubtedly further refinements in multislice
technology and user expertise will change these
results.

Computer Tomography

Initially the bile ducts are not dilated for several
hours or even several days after an acute
obstruction. Eventually they dilate, and CT, US,
or MR should be able to locate a site of obstruc-
tion. With a distal obstruction the extrahepatic
ducts dilate first, followed later by intrahepatic
ducts.

Normally a fatty meal or IV cholecystokinin
produces no visible change in extrahepatic bile

duct caliber; increased bile production and 
gallbladder contraction are balanced by sphinc-
ter of Oddi relaxation. With a distal bile duct
obstruction, however, these agents result in an
increase in bile duct caliber proximal to the
obstruction. This test is most useful with a 
clinically suspected biliary obstruction but is
also helpful with normal or equivocal caliber
extrahepatic bile ducts seen with imaging;
cholangiography should, of course, detect an
obstruction directly.

Ultrasonography

Ultrasonography detects most dilated bile
ducts. It provides limited information in

Table 8.5. Common etiologies of bile duct obstruction (listed by age and site of obstruction)

Site of Newborn Child to
obstruction infant young adult Middle age Elderly

Intrahepatic Biliary atresia Sclerosing cholangitis Metastasis Metastasis
Caroli’s disease Caroli’s disease Cholangiocarcinoma Cholangiocarcinoma
Hepatoblastoma AIDS cholangitis Biliary cirrhosis HCC1

Sarcoma2 Hepatoblastoma HCC1

HCC1 Sclerosing cholangitis
Hamartoma Hamartoma
Sarcoma2

Hilar Biliary atresia Sclerosing cholangitis Cholangiocarcinoma Cholangiocarcinoma
Sarcoma2 AIDS cholangitis Metastasis Metastasis

Lymphoma HCC1 HCC1

Sclerosing cholangitis Hepatic artery aneurysm
Lymphoma
Sarcoidosis

Suprapancreatic Choledochal cyst Sclerosing cholangitis Metastasis Metastasis
Sarcoma2 Choledochal cyst Cholangiocarcinoma Cholangiocarcinoma

AIDS cholangitis Mirizzi’s syndrome Gallbladder carcinoma
Lymphoma Sclerosing cholangitis Mirizzi’s syndrome

Iatrogenic Sclerosing cholangitis
Gallbladder carcinoma Iatrogenic
Lymphoma Lymphoma

Hepatic artery aneurysm

Intrapancreatic Choledochal cyst Pancreatitis Stone Stone
Pancreatico- Choledochal cyst Pancreatitis Pancreatic carcinoma
blastoma Stone Cholangiocarcinoma Cholangiocarcinoma

Cystic tumors Pancreatic carcinoma Pancreatitis
Iatrogenic Iatrogenic Iatrogenic

Papilla of Vater Stone Stone Stone
Sphincter stenosis Papilla carcinoma Papilla carcinoma
Choledochocele Sphincter stenosis Sphincter stenosis

1 HCC, hepatocellular carcinoma.
2 Mostly embryonal rhabdomyosarcoma.
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patients with painless jaundice. It does have a
role, however, as a screening test for suspected
inflammation or stone disease.

In patients with bile duct strictures or filling
defects undergoing intraductal US, bile cytol-
ogy, and percutaneous transhepatic cholan-
gioscopy, the sensitivity and specificity of
intraductal US for diagnosing bile duct cancer
were 89% and 50%, respectively (59); the sensi-
tivity of bile cytology (64%) and transhepatic
cholangioscopy (93%) increased to 96% and
100%, respectively, if results of intraductal US
were included.

Cholangiography

Either percutaneous or endoscopic cholangiog-
raphy readily evaluate biliary obstructions.
With a complete or high-grade obstruction, a
percutaneous approach rather than ERCP is
preferred because it outlines ducts proximal to
an obstruction used by the surgeon for recon-
struction. A catheter left in place aids the
surgeon in identifying the bile ducts in a surgi-
cal field often distorted by tumor or prior
surgery.

In general, MR cholangiography is compara-
ble in accuracy to ERC in detecting biliary dila-
tion and suggesting an etiology for a stricture
(60). It identifies the site of obstruction and
differentiates a stone from neoplasm. It achieves
sensitivities and specificities of over 90% in
detecting an obstruction. In determining a
cause for obstruction, in one strudy, MRCP sen-
sitivity and specificity for choledocholithiasis
were 89% and 90%, for malignant obstruction
92% and 88%, for benign stricture 63% and
90%, and for chronic pancreatitis 50% and 99%
(61). In general, MRCP should detect duct dila-
tion in all patients with clinical obstructive
jaundice and depict correctly the level of
obstruction in about 90%; common bile duct
obstruction due to stricture and stone can be
readily differentiated.

The addition of nonenhanced T1- and less
heavily T2-weighted images to MRCP images
improves the diagnostic accuracy of differenti-
ating benign from malignant biliary strictures
(62); gadolinium-enhanced images are useful in
select patients. A cholangiocarcinoma tends to
be asymmetric, have irregular margins and
more often involves a longer bile duct segment
than a benign stricture.

Scintigraphy

Although the extrahepatic ducts do not dilate
immediately after an obstruction, HIDA scintig-
raphy is abnormal during this time, and no
tracer activity is detected in the small bowel.
Nevertheless, in a jaundiced population cho-
lescintigraphy does not reliably differentiate
between cholestasis and mechanical obstruc-
tion and is generally not employed for this
purpose.

Benign Strictures
Clinical

The most common etiology for a benign biliary
stricture is prior instrumentation. A stricture
can develop shortly after bile duct manipulation
or occur months or even years later. Rarely, the
appearance mimics a web (Fig. 8.21). The most
common clinical presentation is jaundice or, if
only some of the intrahepatic ducts are
involved, cholangitis.

Once a stricture is identified, the initial 
task is to exclude an underlying malignancy. A
tissue diagnosis should be obtained unless 
the etiology of a stricture is clear. A biopsy is
generally preferred over cytology. Depending
on each situation, a biopsy can be obtained as
part of ERCP or percutaneously using imaging
guidance.

Figure 8.21. Common bile duct web (arrow).The study was per-
formed through a biliary catheter inserted during surgery for
gangrenous cholecystitis.
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Sphincter of Oddi Stenosis/Dysfunction

Considerable confusion surrounds both the
definition and the diagnosis of sphincter of
Oddi dysfunction (dyskinesia). The true preva-
lence of this condition is difficult to gauge; the
diagnosis is more often made in Europe than in
the United States. Biliary dyskinesia, sphincter
dysfunction, and even chronic acalculous chole-
cystitis are difficult to distinguish on clinical,
imaging, and even pathologic grounds. Indeed,
whether these are distinct disease entities, dif-
ferent manifestations of a motility disorder, or
even exist at all is speculation. Some investiga-
tors include under this term all patients with
biliary colic or cholestasis who do not have
stones or other evidence of an anatomic
obstruction proximal to the sphincter of Oddi,
while others exclude those with a stricture
(stenosis) at the sphincter. In a setting of biliary
dilation, delayed biliary emptying of contrast,
and no obvious cause of obstruction, some
investigators routinely ascribe these findings to
papillary stenosis or sphincter of Oddi dysfunc-
tion (or spasm), although such an approach
undoubtedly includes a number of false 
positives.

Bile duct contrast retention at the conclusion
of ERCP is used by some investigators as a 
sign of sphincter of Oddi dysfunction, while
others rely primarily on biochemical evidence
of cholestasis. Another approach is to obtain
direct manometric pressure recordings of
the sphincter during ERCP. Normal sphincter 
of Oddi pressure is 5 to 15 mm Hg above 
intraluminal bile or pancreatic duct pressures.
Typically, basal pressure is <40 mm Hg. With
sphincter of Oddi stenosis the basal pressure
increases. If manometry reveals a basal sphinc-
ter pressure >40 mm Hg, even with no other 
evidence of stasis, a diagnosis of sphincter 
of Oddi dysfunction is made. Some employ 
flow manometry and infuse contrast under 
constant pressure, such as 30 cm of water;
papillary stenosis is suggested if the flow rate is
<12 mL/min and intraluminal pressure is >15
cm of water. Others refine this test using phar-
macologic agents to relax the sphincter of
Oddi. Nevertheless, a manometric study of
amplitude and frequency of sphincter contrac-
tions is not always straightforward; some
patients have intermittent sphincter spasm,

although the basal pressure is still normal.
Manometric data may not identify benign pap-
illary stenosis. In such a setting some endo-
scopists perform an empiric sphincterotomy,
but results are mixed.

Papilla of Vater stenosis is often ascribed to
damage produced by a prior stone passing
through or to instrumentation. In general, a
diagnosis of papillary stenosis or dysfunction
should not be made lightly, and other conditions
should be sought to explain a patient’s 
symptoms.

Therapy

Endoscopic

One indication for endoscopic sphincterotomy
is stenosis of the sphincter of Oddi. Endoscopic
manometry is useful to evaluate whether an
endoscopic sphincterotomy has been successful.
An absent choledochoduodenal pressure 
gradient indicates a complete sphincterotomy.
Unfortunately, a high percentage of these
patients restenose.

In general, significant complications occur 
in 5% to 10% of patients during endoscopic
sphincterotomy, with bleeding being most
common. Most bleeding stops spontaneously or
after coagulation, although an occasional
patient requires surgical control. An alternative
is angiographic embolization of the bleeding
site.

Pancreatitis is a known ERCP complication
regardless of whether or not a sphincterotomy
is performed. Some patients develop an eleva-
tion in pancreatic enzyme values but are clini-
cally asymptomatic.

Most procedure-related perforations are
extraperitoneal. Occasionally a perforation
manifests only several hours after the proce-
dure. Extraperitoneal gas can be identified
either with conventional radiographs or CT.
Most of these patients respond to conservative
therapy. Sepsis is uncommon and patients are
generally treated conservatively.

Experience with long-term stenting of benign
bile duct strictures is limited. Nonmetallic stents
tend to obstruct and need to be replaced 
periodically. Metal stents eventually become
epithelialized and appear to last longer, but
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some obstruct secondary to mucosal hypertro-
phy or calculi formation.

Surgical

Surgery for most benign bile duct strictures
consists of either stricture repair alone or 
a choledochojejunostomy. Surgical repair of
benign strictures leads to excellent or good
results in over 80% of patients; the most
common complication of these repairs is subse-
quent restricture.

The classic repair procedure for major 
bile duct injuries is a Roux-en-Y hepaticoje-
junostomy. With such an anastomosis, conven-
tional endoscopy cannot access the anastomotic
site, and either a percutaneous transhepatic
approach or repeat surgery is necessary in cases
of restenosis. At repeat surgery the jejunal 
limb going to the anastomosis is identified, an
enterotomy performed, and endoscopy through
the enterotomy used to diagnose and, if neces-
sary, treat a stricture.

A biliary stricture secondary to pancreatitis
generally involves a long intrapancreatic
segment. An endoscopically placed stent tem-
porarily relieves the obstruction, but these
patients then require a surgical bypass.
With pancreatitis limited to the head of the 
pancreas, a pancreaticoduodenectomy may be
indicated.

Transhepatic

In some patients both endoscopic and percuta-
neous transhepatic therapeutic approaches 
are viable options. Using either technique, an
appropriate-sized balloon is inserted to dilate a
stricture. Prophylactic IV antibiotic therapy
before and during the procedure is commonly
employed. Stones encountered proximal to a
stricture are either fragmented or extracted
during the same procedure. Catheter stenting
across the stricture provides ready future access
in cases of restenosis, with the length of time a
stent is left in place varying considerably among
institutions.

Complications can be divided into those
associated with the percutaneous procedure 
per se, including transhepatic access to bile
ducts, and those associated with balloon dila-
tion. They consist of septicemia, shock,

significant hemorrhage, pancreatitis, and bile
duct perforation.

Successful long-term patency after dilation
varies considerably. In general, the restricture
rate increases with time.

Phytobezoar
Phytobezoars should not collect in the bile
ducts, although an occasional one does develop.
Some of these form after a cholecystogastros-
tomy and vegetable concretions end up
obstructing the extrahepatic bile ducts.

Mirizzi Syndrome
Mirizzi syndrome is produced by a gallstone
impacting either in the neck of the gallbladder
or within the cystic duct and secondarily
obstructing the hepatic duct. The initial
classification of a gallstone either simply com-
pressing adjacent bile ducts as part of an acute
episode or a cholecystocholedochal fistula
forming on a chronic basis was subsequently
expanded to include (63):

Type I: hepatic duct stenosis due to a stone
impacting in the cystic duct or gallbladder
neck. This is the most common

Type II: hepatic duct fistula due to a stone
impacting in the cystic duct or gallbladder
neck

Type III: hepatic duct stenosis due to a stone
at the duct confluence

Type IV: hepatic duct stenosis as a com-
plication of cholecystitis and no impacted
calculus

A rationale for this classification is that the 
surgical approach differs in each of these four
types. Thus in the presence of a cholecystoc-
holedochal fistula (Mirizzi syndrome type II)
the fistula must be repaired at surgery. A 
gallbladder remnant pedicle graft (choledo-
choplasty) can be used for repair.

Occasionally obstruction is caused by 
xanthogranulomatous cholecystitis, with in-
flammation extending to adjacent structures—
whether to label such a presentation as Mirizzi
syndrome is a matter of definition.

In most instances cholangiography, regard-
less of how it is performed, should be diagnos-
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tic. Although most patients suspected of having
Mirizzi syndrome undergo laparotomy,
laparoscopy is also feasible in these patients.
Mirizzi syndrome has also been successfully
treated by extracorporeal shock-wave litho-
tripsy.

Extrinsic Obstruction
Vascular

Not all hilar masses represent a neoplasm. In a
setting of portal vein thrombosis, large extra-
hepatic venous collaterals, such as cavernous
transformation of the portal vein—also called
bile duct varices or portal cavernoma—tend to
compress and obstruct adjacent bile ducts to the
point of inducing obstructive jaundice. These
dilated veins mimic a neoplasm. Prolonged
obstruction has led to periportal and perisinu-
soidal fibrosis and secondary biliary cirrhosis.
At times, venous collaterals are mostly in the
hepatic and common bile duct wall and result in
diffuse wall thickening, mimicking both benign
and malignant diseases.

A hepatic artery, gastroduodenal artery,
or posterior inferior pancreaticoduodenal
artery pseudoaneurysm or a pancreatic 
pseudocyst can also compress adjacent bile
ducts and induce jaundice.Aneurysm emboliza-
tion or pseudocyst aspiration should relieve
obstruction.

Imaging reveals an extrinsic biliary obstruc-
tion. Cholangiography shows multiple extrinsic
biliary indentations, at times serpiginous,
together with proximal bile duct dilation.

Sarcoidosis

A rare cause of obstructive jaundice is hepato-
biliary sarcoidosis. Most of these obstructions
are secondary to enlarged sarcoidosis-involved
hilar lymph nodes compressing adjacent bile
ducts. In an occasional patient with sarcoidosis,
cholangiography reveals findings similar to
those seen with sclerosing cholangitis.

Other Obstructions

While duodenal peri-Vaterian diverticula are
common, biliary obstruction by one is rare
(these diverticula are discussed in Chapter 3). A

food bezoar in a duodenal diverticulum or 
peri-Vaterian diverticulitis can result in biliary
obstruction.

Almost any inflammation resulting in perihi-
lar or superior pancreaticoduodenal adenopa-
thy can compress adjacent bile ducts and induce
obstructive jaundice. In some parts of the world
tuberculous adenitis is a recognized cause.
Primary retroperitoneal fibrosis can obstruct
the common bile duct.A rare pancreatic hydatid
cyst leads to obstructive jaundice.

Nonneoplastic Tumors
Hamartoma (von Meyenburg Complexes)

Mesenchymal and biliary hamartomas, also
called von Meyenburg complexes and
cholangiofibromatosis, consist of a mixture of
hepatocytes, small, dilated bile ducts, and 
connective tissue, together with varying size
cysts. These hamartomas range from solid 
to largely cystic circumscribed tumors, single 
to multiple, large or small, intrahepatic or 
even projecting from the liver surface.
Multiple hamartomas are either uniform or
random in distribution throughout the liver.
A large autopsy study found these complexes 
in 6% of adults and 1% of children (64). They
are more prevalent in polycystic kidney and
liver disease.

Larger hamartomas are found mostly in
young children. These cystic tumors are only
mildly vascular. The a-fetoprotein level is not
elevated with these tumors, helping distinguish
them from hepatoblastomas.

These hamartomas are considered to be 
nonneoplastic developmental ductal plate 
malformations and are not thought to be pre-
malignant, although a rare cholangiocarcinoma
does originate in a setting of multiple bile duct
hamartomas. A double cancer—a hepatocellu-
lar carcinoma and a cholangiocarcinoma—was
discovered in a 74-year-old man, with the
cholangiocarcinoma arising in hamartomas
(65); a histologic progression from hamartoma-
tous to adenomatous and a cholangiocarcinoma
was evident.

Some of the larger hamartomas are palpable.
Computer tomography reveals small hamar-

tomas as multiple cysts scattered throughout
the liver; they tend to be irregular in shape and
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do not enhance, although some are more promi-
nent postcontrast. They do not communicate
with bile ducts.

The larger ones consist of a complex mass
ranging from solid to mostly cystic (Fig. 8.22).
Calcifications are not common, although an
occasional one does contain peripheral
calcifications. They tend to be mostly hypo-
dense on postcontrast CT, although solid com-
ponents enhance with contrast. Some septa also
enhance postcontrast.

Ultrasonography reveals these hamartomas
to be hypoechoic. Larger ones become inhomo-
geneous and hyperechoic and contain acoustic
shadowing.

Limited MRI of these hamartomas reveals
them to be hypointense on T1- and hyperin-
tense on T2-weighted MR images (Fig. 8.23).
They are even more hyperintense on heavily 
T2-weighted images and are more apparent 
and more numerous on T2-weighted MRI and

Figure 8.22. Liver mesenchymal hamartoma in an 8–month-
old boy. Computed tomography shows a complex, mostly cystic
tumor replacing most of an enlarged liver. Mild contrast-
enhancement was evident in the solid component. (Courtesy of
Luann Teschmacher, M.D., University of Rochester.)

Figure 8.23. A mesenchymal hamartoma is hypointense on T1–
(A) and mostly isointense on T2–weighted MRI (B). It contains a
central cystic component (arrow). C: It enhances with contrast,
except for the cystic component. (Source: Burgener FA, Meyers SP,
Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic Reso-
nance Imaging. Stuttgart: Thieme, 2002, with permission.)

A

C
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on MRCP than on T1-weighted images. They
vary in enhancement postgadolinium, with
some enhancing less than does normal liver
tissue.

Angiography reveals both hypovascular and
hypervascular tumors.

The imaging appearance in young children is
similar to that seen with an undifferentiated
embryonal cell carcinoma. In fact, some authors
believe that a mesenchymal hamartoma repre-
sents a benign counterpart of an embryonal cell
carcinoma.

Some intrahepatic hamartomas initially
contain an enhancing rim, presumably repre-
senting compressed adjacent liver parenchyma,
and superficially mimic the enhancing rim
found with metastases. Hamartoma enhance-
ment, however, does not progress centrally. The
imaging differential diagnosis also includes
hepatoblastoma and hepatocellular carcinoma.
The presence of a cystic component in a liver
tumor in children should suggest a hamartoma.
Small liver cysts, not communicating with bile
ducts and without renal involvement, also favor
a diagnosis of hamartomas.

Fine-needle aspiration of these lesions tends
to be nondiagnostic, and core biopsies are
needed.

Other Nonneoplastic Tumors

Although uncommon, cholesterol polyps do
develop within bile ducts.

A papilla of Vater lymphangioma is a rare
cause of biliary obstruction.

Amputating neuromas develop after chole-
cystectomy. These are not neoplastic but rather
reactive hyperplastic lesions.

Benign Neoplasms
Benign bile duct neoplasms consist roughly of
an equal number of adenomas and papillomas,
with other types being rare.

Adenoma/Papilloma/Papillomatosis

The terms adenoma and papilloma (and even
cholangioma) are used loosely in the literature.
Papillomatosis refers to multiple papillomas
throughout the bile ducts and often also in the

gallbladder. The pathologic classification of
bile duct adenomas is somewhat arbitrary.
While most pathologists simply classify them as
tubular, papillary, or tubulopapillary, some 
adenomas appear to originate from peribiliary
glands rather than from bile duct epithelium,
and consist of a mass of disorganized but
mature peribiliary gland acini and tubules,
together with variable amounts of stroma, and
thus should be classified as peribiliary gland
hamartomas.

These tumors occur either singly or are mul-
tiple. Some secrete excessive amounts of mucus.
They occur in both intra- and extrahepatic 
bile ducts and vary from several millimeters to
several centimeters in size. Although a papil-
loma per se should be benign, histology often
reveals cytologic atypia, and differentiation
from carcinoma in situ and low-grade carci-
noma is not always possible. An association
exists between diffuse papillomatosis and
cancer.

Most solitary adenomas appear on cholan-
giography simply as intraluminal polyps (Fig.
8.24). Papillary adenomas, if large enough,
result in bile duct dilation due to their intralu-

Figure 8.24. Common bile duct papilloma (arrow). Its imaging
appearance is similar to a stone. (Courtesy of Daniel Wolfe, M.D.,
Williamsport, Pennsylvania.)
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minal mass. Occasionally biliary dilation is 
secondary to excessive mucus secretion by these
tumors, a characteristic but not pathognomonic
finding. In papillomatosis the ampulla of Vater
is dilated and contains mucin secretions, an
appearance mimicking mucin-secreting pan-
creatic tumors.

Ultrasonography of papillomatosis shows
small, multiple, nonshadowing, echogenic
tumors adjacent to bile wall. The more proximal
bile ducts tend to be dilated due to obstruction.
Cholangiography reveals multiple intraluminal
tumors.

These tumors enhance homogeneously after
MR contrast.

The literature provides little guidance for
therapy of extrahepatic papillomatosis. Some
patients are managed conservatively with endo-
scopic follow-up.

Adenomyoma

A bile duct adenomyoma is rare. Imaging often
suggests a carcinoma, and histology of a
resected specimen is necessary to establish the
diagnosis. Complicating this issue is the occa-
sional benign adenomyoma undergoing malig-
nant transformation and the patient presents
with metastases.

Malignant Neoplasms
The vast majority of malignant bile duct 
neoplasms are adenocarcinomas (called 
cholangiocellular carcinoma and often abbrevi-
ated to cholangiocarcinoma) originating from
biliary epithelium. Rarely seen are clear cell 
adenocarcinomas, mucinous adenocarcinomas,
adenosquamous carcinomas, anaplastic carci-
nomas, squamous carcinomas, or undifferenti-
ated carcinomas. Encountered in childhood 
are embryonal rhabdomyosarcomas (sarcoma
botryoides).

Cholangiocellular Carcinoma

Cholangiocellular carcinoma develop through-
out the bile ducts. The classification scheme
adopted here divides cholangiocarcinomas into
three anatomic locations: intrahepatic, hilar,
and extrahepatic. These anatomic distributions

reflect their somewhat different clinical presen-
tation, differential diagnosis, and therapy. Peri-
hilar ones are most common; resectability rate
increases with a more distal location.

Clinical

A number of extrabiliary conditions are related
to bile duct carcinoma (Table 8.6). Common
duct stones distal to a cholangiocarcinoma are
found in about 20% of patients. Coexisting 
gallbladder stones are common.

Cholangiocarcinomas tend to grow slowly
and the initial clinical presentation with most
porta hepatis and extrahepatic cholangio-
carcinomas is jaundice due to major bile 
duct obstruction. An intrahepatic tumor only
obstructs part of the bile flow, and thus 
jaundice is a late finding, after extensive tumor
spread.

Most cholangiocarcinomas infiltrate locally
and spread to adjacent lymph nodes, although
distant metastasis is not uncommon late in the
course. As one unusual example, metastatic
cholangiocarcinoma to the testicle presented as
a painless scrotal tumor (66).

Pathology

Histologically, cholangiocarcinomas range from
undifferentiated to well differentiated, with the
latter more common. Some are associated with
an exuberant fibrotic reaction to the point that
malignant cells are scant and the overall appear-
ance mimics a benign stricture. Perineural inva-
sion is common with proximal (towards the

Table 8.6. Conditions associated with cholangiocarcinoma

Sclerosing cholangitis
Clonorchiasis
Inflammatory bowel disease
Long-standing infectious cholangitis
Choledocholithiasis
Hepatolithiasis
Hemochromatosis
Choledochal cyst
Caroli’s disease
Prior thorium dioxide (Thorotrast) use
Certain chemical exposure
Primary biliary cirrhosis (?)
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liver) extrahepatic cholangiocarcinomas, but
lymph node metastasis is more common with
distal ones. Infiltrating tumors tend towards
more frequent and extensive periductal spread
than polypoid, nodular, or annular ones. Most
cholangiocarcinomas are hypovascular.

A useful morphologic differentiation consists
of papillary, nodular, and diffuse infiltrating
types. A majority of papillary cancers are
encountered in the common bile duct. Never-
theless, proximal extrahepatic cholangiocarci-
nomas tend to be more differentiated than more
distal ones (towards the duodenum); the latter,
often being moderately- to poorly-differenti-
ated, tend towards an annular or infiltrating
appearance.

Whether the rare bile duct carcinoma exhibit-
ing adenosquamous features represents a
variant of a hepatic adenosquamous carcinoma
or is related to a more typical cholangiocarci-
noma is conjecture.

Intrahepatic

Clinical

A peripheral (intrahepatic) cholangiocarci-
noma is probably more common than reported.
Many are misdiagnosed as a hepatocellular car-
cinoma or even a benign neoplasm. Also, not all
intrahepatic tumors can be clearly categorized
into distinct hepatocellular or cholangiocellu-
lar origins. Some are even misdiagnosed as
metastatic adenocarcinomas. Fine-needle biop-
sies simply reveal adenocarcinomatous tissue,
and a correct diagnosis is made in only about
half of these tumors, while in others a metasta-
tic adenocarcinoma is suggested.

Intrahepatic (peripheral) cholangiocarcino-
mas range from single to multicentric in origin.
An occasional one grows intraluminally for
varying lengths without major bile duct wall
invasion. Also called a malignant papillary neo-
plasm, an intraductal component may or may
not be identified by CT, depending on size (67).
Diffuse infiltration predominates in others and
can eventually even lead to acute hepatic failure.
These intrahepatic tumors tend not to invade
portal venous branches, although an occasional
one invades the portal vein and leads to portal
hypertension (68).

The most common presentation is abdominal
pain, weight loss, and malaise. Jaundice is absent

unless a tumor invades and destroys sufficient
liver parenchyma. An almost constant finding is
an elevated serum alkaline phosphatase level.
Most of these tumors are rather invasive and
often progress rapidly; an exception is with
those exhibiting an intraluminal papillary
growth pattern and these have a more indolent
course.

Imaging

The use of earlier, less precise imaging sug-
gested that with infiltrating tumors imaging
could not suggest a specific diagnosis and that
imaging findings of most intrahepatic cholan-
giocarcinomas were similar to those seen with 
a hepatocellular carcinoma or metastasis. Yet a
number of findings, albeit subtle, do suggest a
biliary origin. Thus considerably dilated more
proximal bile ducts, due to obstruction, are
found in about half of patients with an intra-
hepatic cholangiocarcinoma (69). A patent
portal vein branch passing through a tumor is
generally considered a sign of a benign lesion;
an intrahepatic cholangiocarcinoma, however,
often also contains a patent portal vein branch.
Also, in distinction to hepatocellular carcino-
mas, most intrahepatic cholangiocarcinomas
develop in a noncirrhotic liver. No capsule is
identified. A few of these tumors develop
calcifications. A minority grow primarily into
the bile duct lumen. These intraluminal (papil-
lary) intrahepatic bile duct carcinomas have
rather nonspecific CT findings, but they are also
associated with focal proximal intrahepatic bile
duct dilation (70) (Fig. 8.25).

Cholangiography reveals obstruction and
dilation of more peripheral bile ducts (Fig.
8.26). Only a rare cholangiocarcinoma infil-
trates diffusely without occluding bile duct. An
occasional tumor manifests with an irregular
bile duct lumen, displacement, and multicentric
involvement mimicking primary intrahepatic
sclerosing cholangitis.

In most patients CT reveals a single, irregu-
lar, hypodense, nonencapsulated tumor of
varying heterogeneity; contrast enhancement 
is generally evident, tending to be more pro-
nounced in the tumor periphery, and, in fact,
delayed postcontrast CT images are of value 
in differentiating an intrahepatic cholangio-
carcinoma from a hepatocellular carcinoma.
Hepatocellular carcinomas tend to have an early
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enhancement peak followed by a gradual
decrease, with the greatest tumor conspicuity
during a delayed phase, several minutes after
the start of contrast injection; on the other
hand, with most cholangiocarcinomas the

greatest conspicuity occurs during the portal
venous phase, and tumor attenuation increases
during the delayed phase. Such prolonged con-
trast retention is probably related to the fibrotic
matrix associated with many cholangiocarcino-

Figure 8.25. A: Diagram of intrahepatic cholangiocarcinoma (arrow) producing focal partial duct obstruction.B: A peripheral cholan-
giocarcinoma (arrows) has obstructed a left lobe duct resulting in a cavity mimicking an abscess.

A
B

Figure 8.26. Intrahepatic cholangiocarcinoma. A: CT identifies
dilated intrahepatic ducts containing stones in segment III. B: CT
image 1 cm inferior to A shows a hypodense tumor anterior to the
portal vein. C: Percutaneous transhepatic cholangiogram
identifies the obstruction (arrow). Multiple stones are evident in
the dilated ducts. (Source: Han JK, Choi BI, Kim AY, et al. Cholan-
giocarcinoma: pictorial essay of CT and cholangiographic findings.
RadioGraphics 2002;22:173–187, with permission from the 
Radiological Society of North America.)

A B

C
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mas. Exceptions, however, do occur, and a rare
cholangiocarcinoma is not definable during any
dynamic CT imaging phase (Fig. 8.27).

Ultrasonography reveals either a single
nodule having irregular margins or additional
satellite nodules. Most tumors are hypoechoic,
although some contain hyperechoic regions.

Magnetic resonance imaging identifies intra-
hepatic cholangiocarcinomas as focal tumors,
with some including a wedge-shape defect
larger than the tumor itself, presumably sec-
ondary to surrounding edema and parenchymal
compression, although an occasional infiltrating
cholangiocarcinoma is intrinsically wedge-
shaped. These tumors are mostly hypointense
and occasionally isointense on T1- and variable
in intensity on T2-weighted images; signal
intensity on T2-weighted images depends
mostly on the amount of fibrosis, necrosis, and
secretions within the tumor. The occasional
strongly hyperintense ones contain more 
secretions and necrosis. Postgadolinium
enhancement varies considerably but often is
progressive and moderate in extent and the
intense immediate enhancement seen with
many hepatocellular carcinomas is not evident.
Postcontrast, some of these tumors show an
enhancing rim, with progressive centrifugal
filling of the tumor.

Some of these tumors encase adjacent vessels
and result in focal liver atrophy and even a

central scar. Central regions on T2-weighted
images range from hypo- to hyperintense, with
hypointensity reflecting fibrosis, a common
finding with these tumors (69); postcontrast,
these central hypointense regions range from
homogeneous, to heterogeneous, to no enhance-
ment, with fibrosis enhancing and necrotic
regions not enhancing. None of the described
findings is pathognomonic, and, with the 
exception of a dilated duct proximally,
colorectal metastases often have a similar
appearance.

Adjacent noninvolved liver parenchyma is
hyperintense on T1-weighted images; the high
signal intensity is not suppressed with fat 
saturation, and this tissue enhances postcon-
trast, findings probably related to fibrosis.
Preliminary evidence suggests that ferumo-
xides improves visualization of intrahepatic 
cholangiocarcinomas (71).

An MRCP outlines bile ducts both proximal
and distal to a tumor. Often multiple duct
obstructions are detected. An MRCP can estab-
lish unresectability by showing extensive tumor
spread.

Most of these tumors are hypovascular on
angiography. Occasional arterioportal shunting
is detected; a large tumor invades adjacent
hepatic arteries and portal vein branches and
can even invade the inferior vena cava. Hepatic
artery invasion influences any planned resec-
tion, yet the accuracy of detecting hepatic artery
invasion by CT and US is low. Multidetector CT
angiography holds promise in detecting vascu-
lar invasion, but its specific role is not yet clear.

Occasionally an intrahepatic cholangiocarci-
noma contains foci of sarcomatous transforma-
tion. One such cholangiocarcinoma containing
malignant fibrous histiocytoma-like sarcoma-
tous tissue was hypodense by CT; US showed a
well-marginated, heterogeneous hypoechoic
tumor, and MRI revealed a hypo- to isointense
tumor on T1- and a heterogeneous appearance
on T2-weighted images (72). The cholangiocar-
cinoma was hypovascular by angiography.
Some of these sarcomatous tumors contain
internal septa.

Therapy

Of 61 patients with an intrahepatic cholangio-
carcinoma seen at the Mayo Clinic over a 31-
year period, 46% underwent resection for cure

Figure 8.27. Intrahepatic cholangiocarcinoma. Contrast-
enhanced CT identifies a poorly marginated tumor containing
regions of necrosis (arrow). Dilated bile ducts are present in the
medial segment of the left lobe and the right lobe. (Courtesy of
Patrick Fultz, M.D., University of Rochester.)
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(73); survival at 3 years of those resected for
cure was 60%. Survival of patients undergoing
partial liver resection is significantly longer
than of patients undergoing only drainage. An
occasional patient survives long-term even if a
tumor invades adjacent organs.

An orthotopic liver transplantation is per-
formed in an occasional patient with a slow
growing tumor, but 3-year disease-free survival
after transplantation is only in the teen 
percents.

Arterial chemotherapy performed through
an implanted port system appears to prolong
survival of patients with unresectable intrahep-
atic cholangiocarcinomas (74).

Hilar (Klatskin Tumor)

Clinical

Carcinomas arising at or near the right and 
left lobe duct bifurcation were described by
Klatskin in 1965, and these hilar cholangiocar-
cinomas often bear his name. Some authors
refer to them as central cholangiocarcinomas.
Why more cholangiocarcinomas occur at the
liver hilum compared to other locations is not
known. Most infiltrate diffusely and have a
smooth, benign appearance, tend to spread
along intrahepatic bile ducts, invade surround-
ing nerves and blood vessels, and produce 
multiple obstructions. Obstructed intrahepatic
bile ducts dilate. Vascular encasement results in
atrophy of involved segments. Distant metas-
tases are uncommon.

Jaundice is the most common presentation.
With asymmetrical involvement or only partial
intrahepatic duct obstruction, often the only
abnormality is an elevated serum alkaline phos-
phatase level.

Some of these patients develop segmental
intrahepatic cholangitis; morbidity and mortal-
ity rates for these patients are significantly
higher than for those without cholangitis. Pre-
operative transhepatic drainage of those intra-
hepatic bile ducts involved with cholangitis
results in fewer complications after subsequent
hepatic resection.

Imaging

Most Klatskin tumors present with diffuse 
infiltration and a narrowed bile duct lumen.

Lumen involvement is best studied with cholan-
giography, either percutaneously or using an
endoscopic approach. Often the right and left
lobe ducts are infiltrated to the point that these
ducts no longer communicate with each other
(Fig. 8.28). An occasional tumor grows prima-
rily intraductally and presents as a large expan-
sile intraluminal mass. In general, however,
although a cholangiogram can readily detect
and diagnose these carcinomas, cholangiogra-
phy cannot evaluate the full extent of tumor
invasion.

Calcifications are uncommon in Klatskin
tumors.

Unenhanced CT detects half or fewer of
these hypovascular tumors. If identified, these
hypo- to isodense tumors have poorly defined
margins. Adjacent liver parenchyma often
reveals a mottled appearance due to tumor
infiltration. They are readily detected on hepatic
artery dominant CT and a majority are
identified on portal vein phase images. Most
consist of an infiltrating stenosis; an exophytic
tumor is less common and an intraluminal
polyp is rare (Figs. 8.29 and 8.30).

Similar to other imaging, US reveals dilated
intrahepatic bile ducts and normal caliber
extrahepatic bile ducts, but the actual porta
hepatis tumor typically is not identified; any
visualized tumor has variable echogenicity and
tends to be poorly marginated. Doppler US can
evaluate portal vein involvement.

Figure 8.28. Hilar cholangiocarcinoma (Klatskin tumor) with
complete obstruction. A left duct puncture was performed and
thus only the left lobe ducts are opacified.
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Magnetic resonance imaging reveals a
hypointense tumor on T1- and variable 
intensity (mostly hyperintense) tumor on 
T2-weighted images, but due to their diffuse
infiltration many of these tumors are difficult to
detect with MR. A characteristic finding is that
they enhance late with gadolinium and delayed
images often show a hyperintense tumor not
visible previously. Fat-suppression techniques
allow easier differentiation from the often-
present surrounding fat.

Although ERCP is often performed in these
patients, it seldom establishes a diagnosis; full
tumor extent and intrahepatic ducts generally
cannot be evaluated.

Metastatic disease to the porta hepatis has a
similar appearance. A metastasis should be 
considered if imaging reveals extensive adja-
cent lymph node involvement. Likewise, on
occasion sclerosing cholangitis limited to the
porta hepatis mimics a Klatskin tumor.
Cavernous transformation of a thrombosed

Figure 8.29. Hilar cholangiocarcinoma. Arterial- (A) and portal-phase (B) CT identifies a hypodense tumor. Catheters are in place in
dilated intrahepatic ducts. (Source: Han JK, Choi BI, Kim AY, et al. Cholangiocarcinoma: pictorial essay of CT and cholangiographic
findings. RadioGraphics 2002;22:173–187, with permission from the Radiological Society of North America.)

Figure 8.30. Hilar cholangiocarcinoma (Klatskin tumor). A: CT reveals dilated intrahepatic bile ducts. B: A percutaneous cholan-
giogram confirms obstruction at the porta hepatis (arrow). (Courtesy of Thomas Miller, M.D., San Luis Obispo, California.)
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portal vein is occasionally also in the differen-
tial diagnosis.

Staging

Table 8.7 lists the TNM classification of extra-
hepatic bile duct tumors. Most imaging modal-
ities tend to understage hilar adenocarcinomas;
invasion of adjacent lymph nodes and liver
infiltration often occur without significant
imaging findings. Computed tomography is
inaccurate in establishing resectability in these
mostly unresectable tumors. With an extensive
tumor, however, imaging studies correctly
predict unresectability, and imaging thus is
useful when evaluating potential resectability. If

needed, intrahepatic spread is best studied with
arterial portography. The primary role of
angiography is to detect involvement of either
the hepatic artery or the portal vein and their
branches, although as already mentioned, mul-
tidetector CT angiography may supplant this
role.

Percutaneous intraductal US can accurately
T-stage these cholangiocarcinomas, but this
technique is not widely available.

Imaging detects lobar atrophy, level of biliary
obstruction, parenchymal invasion, or portal
vein invasion. Both CT portography and US
understage extrahepatic metastases, which are
present at subsequent surgery in almost half of
these patients. An MRCP is useful not only to
identify an obstruction level but also as an aid
in determining the extent of biliary ductal
involvement and in planning drainage 
procedures.

Therapy

Portal vein invasion and obstruction lead to
parenchymal atrophy, and imaging detection 
of atrophy is thus presumptive evidence of
such invasion. Hilar cholangiocarcinomas are 
generally considered unresectable in the 
presence of metastases, invasion of the right 
or left hepatic arteries or main portal vein
branches, or extensive growth into adjacent 
liver parenchyma, although portal vein recon-
struction is performed in some centers. Portal
vein stent insertion is worthwhile in an occa-
sional patient with portal vein invasion to treat
portal hypertension with its associated bleeding
complications.

If a hilar cholangiocarcinoma is resectable,
a surgical intrahepatic anastomosis offers the
hope of a cure. At times an extended right 
hepatectomy is necessary not only for tumor
resection but also to resect undrainable 
segments.

A potential cure is possible with liver 
transplantation.

A biliary stent is left in place after resection
or transplantation, providing access for follow-
up cholangiography and serving as a useful
landmark for follow-up imaging.

With an unresectable tumor, either per-
cutaneous or endoscopic biliary stenting pro-
vides palliative drainage, relieves pruritus, and

Table 8.7. Tumor, node, metastasis (TNM) staging of
extrahepatic bile duct tumors

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma-in-situ
T1 Tumor confined to bile duct
T2 Tumor beyond wall of bile duct
T3 Tumor invades liver, gallbladder, pancreas,

and/or unilateral branch of portal vein
T4 Tumor invades main portal vein, common 

hepatic artery, or adjacent structures

Lymph nodes:
Nx Regional nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant metastasis:
Mx Distant metastases cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Tumor stages:
Stage 0 Tis N0 M0
Stage IA T1 N0 M0
Stage IB T2 N0 M0
Stage IIA T3 N0 M0
Stage IIB T1 N1 M0

T2 N1 M0
T3 N1 M0

Stage III T4 any N M0
Stage IV any T any N M1

Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.
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improves quality of life. Percutaneous biliary
drainage is technically successful in over 95% of
patients. An advantage of percutaneous stenting
is that access in then available to the often
common associated intrahepatic obstructions.
Some develop segmental obstructive cholangi-
tis, which needs to be treated aggressively.
Because these are generally slow-growing
tumors, catheter drainage rather than stenting is
often more appropriate. Also, in distinction to
more distal bile duct stenting, endoscopic hilar
stenting is more complex.

Controversy exists about whether palliative
drainage should be of one or both liver lobes. A
retrospective study of malignant hilar obstruc-
tions subdivided these patients into three
groups (75): group A, one lobe opacified and
same lobe drained; group B, both lobes
opacified and both lobes drained; and group C,
both lobes opacified but only one lobe drained.
Among patients with more advanced lesions,
median survivals of groups A, B, and C were 145,
225, and 46 days, respectively. The authors 
concluded that best patient survival is in those
undergoing bilateral drainage and the worst
survival is in those with both lobes opacified but
with drainage of only one.

An extensive tumor can hinder stent inser-
tion. At times endoscopic intraductal radiation
therapy sufficiently recanalizes hilar cholangio-
carcinoma strictures that a stent can be sequen-
tially introduced. As an example of some of
the therapy of unresectable hilar cholangio-
carcinomas, five patients underwent percuta-
neous cholangiography, right and left 
internal biliary catheter drainage, intraductal
brachytherapy using iridium 192 needles and
endoprosthesis insertion, followed by external
radiotherapy and chemotherapy (76); all
patients had initial remission of jaundice,
although eventually jaundice recurred in all 
and led to death, with a mean survival of 7.5
months, versus 1.75 months for 10 other unre-
sectable patients undergoing only percutaneous
drainage.

If an extensive tumor prevents stenting, a left
lobe anastomoses to the stomach (hepaticogas-
tric anastomosis) provides internal biliary
diversion; fluoroscopic and endoscopic guid-
ance are helpful.

The risk of abdominal wall tumor implanta-
tion is low after transhepatic biliary drainage in
a setting of a hilar cholangiocarcinoma.

Extrahepatic

Clinical

At initial presentation not all patients with an
extrahepatic cholangiocarcinoma are jaundiced
and not all have abnormal liver function tests,
although eventually jaundice, pruritus, and
weight loss ensue.

Imaging

A typical appearance of an extrahepatic bile
duct cholangiocarcinoma consists of a proxi-
mally dilated duct ending in an irregular, nar-
rowed segment and a distal normal caliber duct.
Most of these cholangiocarcinomas present as a
focal stricture or a locally infiltrating tumor
(Fig. 8.31). An intraluminal irregular polypoid
appearance is less common. The appearance of
most of these mucosa-originating cholangio-
carcinoma is sufficiently different from the 
narrowing produced by a metastasis to adja-
cent lymph nodes to allow differentiation. The
smoothly tapered common bile duct narrowing
seen with pancreatitis likewise usually can be
differentiated from an abrupt cutoff or rat-tail

Figure 8.31. Cholangiocarcinoma obstructing mid-
extrahepatic duct (arrow). The irregular proximal tumor margin
argues against a pancreatic head carcinoma.
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appearance characteristic of an infiltrating
cholangiocarcinoma.

Endoluminal US of a malignant biliary stric-
ture reveals asymmetrical irregular bile duct
wall thickening. While such focal thickening is
suggestive of a cholangiocarcinoma, it is not
diagnostic.

These tumors are hypo- to isointense on T1-
and iso- to mildly hyperintense on T2-weighted
images. Postcontrast enhancement tends to be
more pronounced during the venous phase.

A midextrahepatic cholangiocarcinoma infil-
trating intramurally can spread to the gall-
bladder and mimic a gallbladder carcinoma.
Included in the differential is also metastasis to
adjacent pancreaticoduodenal lymph nodes and
Mirizzi syndrome.

Staging

Patients with more distal extrahepatic cancer
tend to have a better prognosis than those with
more proximal ones. Over a 50% 5-year survival
can be expected for patients with a resectable
lower one-third bile duct tumor, at times even
with positive nodes.

The pattern of lymphatic spread does vary by
tumor location. Thus proximal extrahepatic
cholangiocarcinomas tend to spread to
common hepatic artery nodes rather than to the
retropancreatic region, midextrahepatic tumors
metastasize widely, including to paraaortic
nodes, while distal tumors tend to involve nodes
around the pancreatic head.

In patients with malignant obstruction, any
hypoechoic, rounded lymph nodes or those
with a conspicuous margin are generally
assumed to be malignant with neural plexus
invasion. CT reveals irregular masses extending
medially toward the superior mesenteric and
celiac arteries (77), findings presumably repre-
senting both neural invasion and desmoplastic
reaction. Hepatoduodenal ligament invasion is
detected by increased fat attenuation between
the common bile duct and the proper hepatic
artery (77).

Intraductal US has a role in staging not only
cholangiocarcinomas but also other malignant
biliary obstructions. Intraductal US detects
adjacent pancreatic invasion. Aside from the
pancreas, intraductal US is limited to hepato-
duodenal ligament structures; it visualizes only
a limited portal vein segment.

Percutaneous transhepatic cholangioscopy
visualizes the duct mucosa and provides access
for biopsies. Although biopsies do establish a
diagnosis, whether staging is possible from
biopsies is debatable; most biopsies are
superficial and do not contain muscle or neural
bundles.

Therapy

Some studies suggest that radiation therapy
prolongs the survival of proximal cancer
patients but has less influence on the survival of
those with a more distal cancer, yet others have
found that tumor location has no impact on 
survival.

A Whipple procedure is commonly per-
formed for cholangiocarcinomas of the distal
common bile duct.

Tumor seeding at a previous drainage site is
an uncommon complication.

It is not clear what type of palliation is best
with an unresectable tumor; nonoperative pal-
liation appears to offer longer survival than sur-
gical palliation. With stenting, patients with a
distal biliary obstruction tend to survive longer
and have more effective relief of jaundice than
those with a more proximal obstruction.
In general, endoscopic rather than percuta-
neous stenting is preferred for distal biliary
strictures.

Intraluminal iridium-192 therapy followed 
by stenting appears to extend stent patency 
and increase survival in patients with in-
operable cholangiocarcinoma. Intraluminal
brachytherapy is performed using either a per-
cutaneous transhepatic or a retrograde ERCP
approach. Brachytherapy is often combined
with external beam radiation therapy and
chemotherapy.

In palliating malignant common bile duct
obstruction, transhepatically inserted expand-
able metal stents appear superior to plastic
stents.

Cystic Duct

A diagnosis of cystic duct carcinoma is rarely
made. Undoubtedly these tumors are more
common than reported, because most are indis-
tinguishable from either a gallbladder carci-
noma or carcinoma of adjacent bile ducts. These
tumors are not associated with chronic chole-
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cystitis and, in contradistinction to gallbladder
carcinomas, are more often found in men.

Papilla of Vater Carcinoma

A carcinoma involving the papilla of Vater can
originate from an adjacent duodenal mucosa, a
papilla itself, a distal common bile duct, or even
be pancreatic in origin. Biopsy simply reveals 
an adenocarcinoma. Because infiltration of sur-
rounding structures is common, even a resected
tumor often does not suggest a specific site of
origin. These periampullary carcinomas are 
discussed in more detail in Chapter 3. Imaging
findings range from a duodenal intraluminal
irregular polyp, to diffuse infiltration of sur-
rounding structures with little mass effect, to
essentially a normal study with the only 
abnormality being common bile duct dilation
(Fig. 8.32).

Magnetic resonance cholangiopancreatogra-
phy has a limited role in evaluating papilla 
of Vater cancers; a carcinoma, benign stric-
ture, edema from a recently passed stone,
and even an impacted stone are difficult to 
differentiate.

Hepatocellular Carcinoma

Jaundice secondary to a hepatocellular carci-
noma generally is a late finding, seen after ex-
tensive tumor infiltration throughout the liver.

An occasional hepatocellular carcinoma
results in a spill of tumor debris into the bile
ducts, growth as a tumor thrombus within the
lumen, and, if the right and left lobe duct 
confluence or even the hepatic duct are
involved, subsequent obstruction. Imaging
reveals intraductal filling defects and proximal
duct dilation.At times the bile ducts are encased
by tumor. Cholangiography identifies bile duct
obstruction.

A hepatocellular carcinoma is in the differen-
tial diagnosis if intrahepatic bile duct obstruc-
tion is identified and an adjacent tumor
detected by CT. Magnetic resonance imaging
likewise can detect an intrabiliary tumor or
biliary obstruction by an adjacently located
hepatocellular carcinoma.

Lymphoma/Leukemia

Primary bile duct lymphoma is very rare. It
manifests as focal or diffuse bile duct wall thick-

Figure 8.32. A: Obstructive jaundice caused by a poorly differentiated adenocarcinoma. A dilated common bile duct ends at the
papilla (arrow). No tumor was identified either with CT or a barium study. B: Another patient with dilated bile ducts secondary to a
primary papilla adenocarcinoma; imaging could not identify a tumor.
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ening without adenopathy; the imaging appear-
ance mimics a cholangiocarcinoma (78). Sys-
temic non-Hodgkin’s lymphomas obstruct bile
ducts by extrinsic compression from involved
adjacent lymph nodes, most often in the porta
hepatis (Fig. 8.33). Only rarely does a lymphoma
infiltrate the bile duct wall to the point of
obstruction. Thus obstructive jaundice second-
ary to Hodgkin’s disease is rare. A rare primary
hepatic B-cell lymphoma of MALT results in a
periportal lymphoid infiltrate and bile duct
epithelial involvement to the point of mimick-
ing cholangitis (79).

Anecdotal reports suggest that porta hepatis
lymphomas are better defined by MRI than by
cholangiography, CT, or US.

Sarcoma

Biliary stromal origin neoplasms are rare. A dif-
ferentiation between benign tumors and their
sarcomatous counterparts is difficult at best,
and from an imaging viewpoint an attempt at
such distinction generally makes little sense.

The most common biliary stromal tumors are
leiomyomatous in origin, with an occasional
myoblastoma being reported. Hepatobiliary 

sarcomas, with the exception of embryonal
rhabdomyosarcoma, are discussed in Chapter 
7; most of these sarcomas (and their benign 
counterparts) are intrahepatic in location,
and distinguishing whether they are of
liver parenchymal or bile duct origin is not 
possible.

Embryonal rhabdomyosarcomas originate in
bile duct submucosa, occur mostly in extrahep-
atic bile ducts, and are more common in young
children. Histologically, they are similar to rhab-
domyosarcomas (sarcoma botryoides tumors)
found in the vagina and bladder. They tend to
invade locally. These are aggressive tumors, and
metastases are not uncommon at first presenta-
tion. Imaging reveals an intraluminal, soft tissue
density, bulky tumor. Necrosis is evident within
larger ones. Ultrasonography of some shows a
“Swiss cheese” type of appearance. Cholangiog-
raphy can be diagnostic if it shows intraluminal
grape-like tumor clusters. Imaging findings are
not pathognomonic; however, they are sugges-
tive when seen in young children.

Melanoma

Primary bile duct melanoma is sufficiently rare
that only a few have been reported. Most
patients with metastatic melanoma have been
middle-age men presenting with obstructive
jaundice. Metastatic melanoma is considerably
more common in the gallbladder than bile
ducts.

Imaging shows dilated proximal bile ducts
(Fig. 8.34). Ultrasonography identifies a hyper-
echoic tumor, similar to other metastases.

Metastases/Invasion to Bile Ducts

Jaundice is common in a setting of advanced
gastric carcinoma. Jaundice is usually secondary
to metastasis to hepatoduodenal ligament
lymph nodes, with biliary obstruction being at
the extrahepatic duct level (Fig. 8.35).

Jaundice in a setting of breast carcinoma is
usually secondary to widespread liver metas-
tases. In a minority of patients, similar to those
with metastatic colon cancer, jaundice is due to
extrahepatic intraductal metastasis or metasta-
sis to adjacent lymph nodes (Fig. 8.36). These
latter patients, with limited survival, are
amenable to stenting for relief of jaundice.

Figure 8.33. Lymphoma obstructing the hepatic duct (arrow)
distal to the porta hepatis. A pancreatic head carcinoma can
have a similar appearance.
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Metastasis to the peripapillary region is 
most often due to pancreaticoduodenal node
involvement and secondary obstruction of adja-
cent bile duct (Fig. 8.37). Rarely metastatic colon
carcinoma results in focal intrahepatic bile duct
dilation due to intraluminal tumor growth (80);
these mimic the appearance of a cholangiocar-
cinoma.

Therapy of Malignant Obstruction

Preoperative Drainage

Considerable controversy exists whether preop-
erative percutaneous transhepatic biliary
drainage in a clinical setting of obstructive
jaundice has a role. Preoperative drainage is
more common in Japan than in North America
or Europe. On a routine basis, many United
States surgeons have abandoned preoperative
drainage. In general, preoperative biliary
drainage is useful in malnourished patients or
in those with suppurative cholangitis. Also,
occasionally preoperative drainage aids the
surgeon by identifying bile ducts, especially in a
setting of extensive fibrosis.

Figure 8.34. Common bile duct obstruction by metastatic
melanoma.

Figure 8.35. Common bile duct obstruction. This patient had
colon cancer resected previously, now was believed to have
metastases to the pancreaticoduodenal nodes and a bypass
catheter was inserted to control jaundice. A cancer in the pan-
creatic head would have a similar appearance. No follow-up was
available. (Courtesy of David Waldman, M.D., University of
Rochester.)

Figure 8.36. Long hepatic duct obstruction (arrows) due to an
adenocarcinoma, believed to be secondary to colon cancer
resected 5 years previously.
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Percutaneous biliary drainage is a technically
complex procedure requiring considerable skill
and is associated with specific complications.
The presence of a catheter presumably pro-
motes infection, but overt cholangitis is uncom-
mon as long as catheter patency is ensured.
Other acute complications associated with
drainage include hemorrhage and sepsis.
Catheter or stent obstruction and dislodgment
occur as long-term complications.

Palliation

In a setting of either primary or metastatic bile
duct obstruction, palliative biliary drainage,
either external or internal, can be established
using a surgical, percutaneous, or endoscopic
route. The exception is with lymphoma, where
radiotherapy has a role. Surgical biliary
drainage (choledochojejunostomy) is appropri-
ate if additional surgical procedures, such as a
gastric bypass, are also deemed necessary. The
choice between percutaneous or endoscopic
drainage is somewhat arbitrary and often

revolves around availability and patient referral.
In either case, whether to stent a jaundiced
patient with an inoperative cancer is individu-
alized. With some cancers, the presence of distal
metastases is a limiting factor in patient sur-
vival, rather than whether the bile ducts are
obstructed or not.

Internal biliary stents provide drainage
without an external drainage device. Successful
jaundice palliation can be achieved using 
self-expandable wire mesh stents and plastic
stents. Compared to surgical palliation, stenting
results in similar morbidity and mortality;
however, patients require a shorter hospital stay.
Good palliation can be achieved in most
patients.

Stent migration occurs with straight stents;
migration is not common with wire meshes.
Long-term complications of mesh stents include
stent occlusion and cholangitis. Most stent
occlusions are caused by granulation tissue, bile
sludge, and tumor overgrowth rather than by
ingrowth. In an uncovered stent an irregular
outline develops on the inner surface due to

Figure 8.37. A: Obstructive jaundice caused by a metastatic colon carcinoma (arrow).The appearance is similar to a primary papilla
carcinoma. B: Obstructive jaundice secondary to metastatic ovarian carcinoma.
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granulation tissue overgrowth. Overall, self-
expandable endoprostheses have achieved good
results and good long-term patency. Patients
with a cholangiocarcinoma and gallbladder car-
cinoma tend to have better results than those
with a pancreatic carcinoma or metastatic 
carcinomas.

After endoscopic plastic biliary stenting,
the most common long-term complication is
stent clogging. To decrease the risk of obstruc-
tion, some endoscopists institute nasobiliary
drainage after stent placement.

A transjugular, transvenous approach can be
used for biliary catheterization if neither an
endoscopic approach nor transhepatic drainage
is feasible.

Cystic Neoplasms
Discussed here are hepatobiliary cystadenomas
and cystadenocarcinomas, most are biliary in
origin. Other cystic, intrahepatic structures are
discussed in Chapter 7.

Clinical

Little distinguishes a biliary cystadenoma from
a cystadenocarcinoma either clinically or radi-
ologically. Most arise within the liver, with only
an occasional one originating from extrahepatic
bile ducts. Similar tumors also arise in congen-
ital liver cysts and in the hepatoduodenal 
ligament.

These rare tumors occur mostly in middle-
age women. The benign variety is considered
premalignant; even if resected, a high recur-
rence rate is evident.

Histologically, biliary cystadenomas are
similar to mucinous cystic tumors found in 
the pancreas and ovaries. They have a fibrous
capsule, internal septations, and varying
degrees of nodularity, findings identified with
imaging. These tumors contain nonbilious, at
times mucinous, fluid. Histologically, most cys-
tadenocarcinomas, especially mucin producing
ones, are well differentiated. Pathologic differ-
entiation of benign from malignant is rather
subtle and involves gauging the degree of cellu-
lar atypia.

Some cystadenomas and carcinomas 
contain mesenchymal stroma. Tumors contain-
ing ovarian-type stroma appear to have a better
prognosis than those that do not; imaging,
however, cannot detect this type of stroma.
Some patients also develop a synchronous
ovarian cystadenoma or gastric carcinoma,
presumably due to a common histogenetic
pathway.

An occasional biliary cystadenoma grows
large without producing symptoms. An abdom-
inal mass, pain, obstructive jaundice, or even
ascites are presenting findings. Some are 
discovered incidentally. Passage of tumor frag-
ments from a cystadenoma communicating
with bile ducts can result in biliary obstruction
and obstructive jaundice.

An elevated serum tumor marker CA 19-9 
is found with some, especially those contain-
ing mesenchymal stroma, but a normal serum
level does not exclude a cystadenoma or cys-
tadenocarcinoma. Carcinoembryonic antigen
(CEA) and a-fetoprotein levels tend to be
normal.

Differential diagnosis includes other cystic
liver neoplasms, benign cysts, and, for extra-
hepatic lesions, pseudocysts and even gastro-
duodenal duplication cysts. These tumors have
been mistaken for and treated as hepatic
hydatid cysts.

Imaging

A cystadenoma has imaging findings similar to
those of nonneoplastic hepatic cysts. Computed
tomography and US show a multicystic tumor
containing septations. Their appearance is
rather characteristic, with both benign and
malignant versions having a similar appear-
ance, although septa without nodularity suggest
a benign cystadenoma, and septations with
nodularity point to a carcinoma. Computed
tomography shows mostly water attenuation
fluid within the cyst, although attenuation
values differ depending on the amount of cho-
lesterol, blood, and necrotic tissue present.
Calcifications within either the septa or the rim
are seen on rare occasion. Tumor nodules and
septa enhance postcontrast.

Ultrasonography reveals an anechoic 
tumor, identifying internal septations in some.
Hemorrhage leads to a hypoechoic appearance.
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A fluid–fluid level may be present. Tumor
nodules are hyperechoic. Transabdominal US
differentiates only with difficulty between a
solid tumor containing cystic components and
a fluid collection. Both tend toward a hypoe-
choic appearance. Color Doppler US is useful in
detecting blood flow within a malignant cystic
tumor. Obviously, no flow is seen in benign fluid 
collections.

These tumors are hypointense on T1- and
hyperintense on T2-weighted images. Mucin
and hemorrhage increase their T1-weighted
signal intensity. An occasional tumor is
markedly hyperintense on T1- and hypointense
on T2-weighted MR images, generally due to
thick, proteinaceous mucinous fluid. Any septa-
tions are readily identified.

Some of these tumors communicate with the
bile duct lumen, best identified with cholan-
giography, and bile cytology is helpful in these
tumors.

Occasionally percutaneous transhepatic
cholangioscopy provides a biopsy path for these
tumors and defines the underlying biliary
anatomy.

Mucin-Hypersecreting Tumors

So-called mucinous, ductectatic, or mucin-
hypersecreting hepatobiliary cystadenomas,
cystadenocarcinomas, or cholangiocarcinomas
produce massive amounts of mucin within
markedly dilated bile ducts. Whether these
mucinous tumors are a variant of cystadenomas
and cystadenocarcinomas or whether they rep-
resent a separate entity is speculation. Compli-
cating the issue is that an occasional biliary
cystadenoma secretes excess mucin and mimics
an intrahepatic cyst; at times one even contains
daughter cysts. The carcinomas invade hepatic
parenchyma and vessels. At times widespread
metastases are evident.

Their histopathologic features are similar to
those of mucin-producing pancreatic duct
tumors, and mucous lakes often contain adeno-
carcinoma cells. A frond-like papillary architec-
ture predominates, often containing elements of

dysplasia, adenoma, and carcinoma in the same
tumor.

Excess mucin secretion is a rare cause of
markedly dilated bile ducts distal to a tumor.
Similar to their pancreatic counterparts, some
result in excess mucin draining from the duo-
denal ampulla; or, excess mucin simply results
in obstructive jaundice. An occasional tumor
contain calcifications.

A rare peripheral intrahepatic tumor results
in duct perforation and spill of mucin and
tumor cells—a rare cause of pseudomyxoma
peritonei.

Smaller tumors are not detected by imaging,
and the only abnormality consists of dilated,
mucin-filled ducts. Dilated bile ducts distal to
the tumor are readily imaged. Cholangiography
shows large intraluminal masses, a result of
mucin retention. At times the duct lumen
appears narrowed because only a small channel
is left for bile and contrast flow. Nevertheless,
every effort should be made to detect a 
tumor.

Mucin has a similar appearance to bile with
both CT and MR, except when thick and pro-
teinaceous, when it tends to be hyperintense on
T1- and hypointense on T2-weighted MR
images. Cholangiography identifies mucin as
linear or elongated intraductal filling defects.
These tumors are hypodense on CT and 
show little arterial-phase contrast enhance-
ment; peripheral enhancement and internal
septations tend to be more evident during equi-
librium phase imaging (Fig. 8.38). They are
hypointense on T1- and hyperintense on T2-
weighted MRI.

Neuroendocrine
A bile duct granular cell tumor is rare. It is of
Schwann cell origin and tends to occur at the
juncture of two ducts, such as the hepatic and
cystic ducts. It is most common in young
women.

Cholangiography reveals a smooth stricture
similar to that seen in sclerosing cholangitis.
The US appearance can mimic a stone.
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Biliary Stones
Clinical
The prevalence of gallstones varies by sex,
age, and population makeup. Native Americans
have an extremely high prevalence of gallstones,
with most stones consisting of cholesterol.
Gallstones do occur in the pediatric 
population.

The prevalence of both gallbladder stones
and bile duct stones is greater in pregnant
women than in controls. The prevalence of
choledocholithiasis in pregnancy is approxi-
mately 1 in 1200 deliveries. If needed, surgical
exploration is performed, although therapeutic
ERC is an alternative.

Fetal cholelithiasis is very rare. Little is
known about the sequelae of this poorly under-
stood condition. Ultrasonography identifies
multiple, small hyperechoic foci without 
distal shadowing; these clear shortly after 
birth.

Gallbladder volume in diabetics is larger 
than in controls, and they have a severalfold
increased prevalence of cholesterol stones. Dia-
betics with autonomic neuropathy have reduced
gallbladder motility, thus promoting stasis and
cholesterol crystal formation. Patients with
hereditary spherocytosis are at increased risk
for gallstones.

Somatostatin inhibits gallbladder emptying.
A somatostatinoma or therapy with somato-
statin analogues is associated with an increased

Figure 8.38. Intraductal papillary tumor of borderline malignancy. A: A
transverse portal phase CT image reveals marked intra- and extrahepatic
bile duct dilation. Sonography (B) and endoscopic retrograde cholan-
giopancreatography (ERCP) (C) also identify marked biliary dilation,
together with multiple intraluminal linear filling defects (arrow), consist-
ing of extensive mucin. An intraductal nodular defect (curved arrow) is
present in the left lobe lateral segment; a left lobe duct papillary tumor
was resected. (Source: Lim JH, Yoon KH, Kim SH, et al. Intraductal papillary
mucinous tumor of the bile ducts. RadioGraphics 2004;24:53–67, with
permission from the Radiological Society of North America.)
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risk for gallstones. Gallbladder emptying is
reduced in patients with cholesterol gallstones.

Although an occasional patient has only bile
duct stones and no gallbladder stones, most
stones are of gallbladder origin. Primary bile
duct calculi develop in a setting of strictures,
cholangitis, choledochal cyst, or a congenital
condition such as Caroli’s disease.

A foreign body in the extrahepatic bile ducts
acts as a nidus for stone formation. Case reports
describe suture material and surgical clips
acting as a nidus. Clip migration from its 
original position is occasionally diagnosed from
serial conventional abdominal radiographs.
Computed tomography or cholangiography
confirms the diagnosis. Sphincterotomy and
clip or stone extraction should be curative.

An association among initial gallstones,
cholecystectomy, and subsequent development
of colorectal cancer has been raised. Currently
no definitive conclusions can be drawn; some
studies suggest no association, other studies
suggest a relationship, while still other studies
suggest such an association only in women.

Gallbladder sludge probably is a factor in
subsequent gallstone formation. Still, the pres-
ence of sludge is generally not believed to rep-
resent underlying gallbladder disease.

Cystic duct anatomy has been implicated in
stone formation. Comparing ERC in patients
with and without gallstones, stone formers have
significantly longer and narrower cystic ducts
than those without stones (81); also, the angle
between the gallbladder and cystic duct is more
acute in those with gallstones than those
without.

Stone Composition
Calculi range from single to multiple, large to
small, round, oval, or faceted. They contain 
primarily cholesterol, pigment, or a mixture of
cholesterol and pigment. Pigmented stones
contain a high proportion of bilirubin and tend
to be considerably smaller than cholesterol
stones. If a stone contains sufficient calcium to
be visible with conventional radiography, it 
contains a predominance of pigment rather
than cholesterol. Central calcifications also
point toward pigment composition. In general,
the composition of multiple gallstones within
one gallbladder is similar, but exceptions occur.

An inverse correlation exists between CT
attenuation and cholesterol content and a direct
correlation among pigment contents, inorganic
calcium salts, and total calcium content (82);
most cholesterol stones are hypodense, but in
practice many stones are mixtures. Stones 
containing more than about 3% calcium are
hyperdense.

Oral cholecystography suggests cholesterol
composition if stones are radiolucent; if multi-
ple stones without calcification are present, they
are large or have a calcified rim. Similar signs
are also useful with CT to determine gallstone
composition.

Only a rare stone has a specific gravity less
than that of bile and thus floats in bile. Ultra-
sonography thus rarely detects a floating stone.
On the other hand, with iodinated contrast
within the gallbladder, stones composed pri-
marily of cholesterol are buoyant. Presumably
iodine increases bile-specific gravity sufficiently
so that cholesterol stones float. Thus the most 
reliable sign of cholesterol stones with an oral
cholecystogram is buoyancy. This effect of
iodine upon buoyancy can also be shown with
US if the examination is done after administer-
ing an appropriate oral contrast agent; with
sufficient contrast in the gallbladder, cholesterol
stones float.

Primary bile duct stones (i.e., stones that
form in bile ducts) are pigmented.

A rare gallstone contains a drug. Specific
drugs include ceftriaxone, glaphenine, and
dipyridamole.

Cholecystolithiasis
Imaging

Most radiologists believe that CT is inferior to
US in visualizing stones in the gallbladder. The
CT appearance of a gallstone depends on its
cholesterol and calcium content and ranges
from that of a hypodense defect surrounded by
bile, to isodense to bile and thus not visible, to
an obvious calcification.

Ultrasonography should detect almost all
gallbladder calculi, with detection depending on
stone size rather than composition. An intralu-
minal, mobile, echogenic mass detected by US
and associated with posterior acoustic shadow-
ing is virtually pathognomonic for a calculus. A
gallbladder filled with stones results in a hyper-
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echoic tumor superficially mimicking gas-filled
bowel; a porcelain gallbladder has a similar
appearance. A diagnosis of stones should be
made with caution in the absence of acoustic
shadowing, although shadowing is absent with
small calculi. Shadowing is not dependent on
presence of calcifications. Sludge is mobile but
generally does not have posterior shadowing.
Sludge can be inhomogeneous in appearance.

Intravenous cholangiography also detects
most gallbladder stones, but less than with US.

One study detected 96% of stones with 3-D
fast SGE and single-shot SE MR sequences (83);
a prevalent view among some MR enthusiasts is
that MRI is superior to US in detecting subtle
gallstones, yet the relationship between stone
composition and its MR signal intensity is
poorly understood. Magnetic resonance imag-
ing reveals most gallbladder stones as round or
faceted signal void (hypointense) structures on
both T1- and T2 spin-echo (SE) images sur-
rounded by the higher signal intensity bile.
Some stones contain hyperintense foci on both
T1- and T2-weighted sequences. An occasional
stone is hyperintense on T1-weighted sequ-
ences. Stones do not enhance postcontrast,
allowing differentiation from polyps.

Cholescintigraphy is insensitive in detecting
gallbladder stones. Adjacent bowel compressing
the gallbladder may mimic a gallstone.

Therapy

A percutaneous cholecystostomy tract can be
used for gallbladder access for stone dissolution
using methyl-tert-butyl ether, stone fragmenta-
tion, or stone extraction. Most of these proce-
dures have been supplanted by laparoscopic
cholecystectomy, although they still have a place
in select, poor surgical risk patients.

Most medical therapies for gallstones are
effective with cholesterol stones only. Therefore,
prior to such therapy cholesterol stones must 
be distinguished from pigmented gallstones,
keeping in mind that overall over 80% of
radiolucent stones are composed primarily of
cholesterol.

Lithotripsy

Extracorporeal shock-wave lithotripsy (ESWL)
is used in select centers to shatter gallbladder

stones. In general, fragments smaller than 3 mm
in diameter pass spontaneously. Extracorporeal
shock-wave lithotripsy achieves 65% to 85%
clearance at 3 years, with success rate being
inverse to stone volume and stone size. Patients
with a single stone have significantly higher
clearance rates and lower recurrence rates than
those with multiple stones.

For stones with a CT density of <50 HU, stone
clearance can be achieved in most patients, but
with a density of >100 HU only a minority of
patients are completely cleared. About a third of
patients have posttherapy side effects such as
biliary colic. Fragment impaction at the papilla
of Vater can result in pancreatitis and require
sphincterotomy. Complication rate increases
with larger fragments.

In some centers ESWL is combined with bile
acid dissolution therapy (oral ursodeoxycholic
acid), although the value of adjuvant bile acid
therapy is not clear.

Cholescintigraphy shows better fragment
clearance associated with a higher gallbladder
ejection fraction and a larger gallbladder dis-
charge volume than in patients who retain stone
fragments.

Cholecystolithotomy

High-risk patients with acute calculus cholecys-
titis can be treated by percutaneous cholecys-
tostomy followed by cholecystolithotomy. After
initial percutaneous gallbladder puncture and
drainage, the tract is dilated and stones are
extracted. Usually an interval of 4 to 6 weeks is
allowed between initial gallbladder puncture
and eventual dilation and stone removal to
allow tract maturation. Large stones are crushed
using a wire basket technique.

Cholecystolithotomy success rate of clearing
gallstones is over 80%. These patients are left
with an intact gallbladder and initially with-
out gallstones. After such percutaneous stone
removal, recurrent gallstones and biliary sludge
are common.

Dissolution

Gallstone dissolution is feasible through direct
contact with methyl-tert-butyl ether or similar
substances instilled via an appropriate catheter,
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and is performed in a number of European
centers. Usually US is used for catheter guid-
ance. In a multihospital European study of 803
patients, puncture was successful in 95% and in
those with successful puncture stones were dis-
solved in 95% (84); residual sludge remained in
44% of gallbladders. The most severe complica-
tion was bile leakage in 1.6% of patients, treated
with a cholecystectomy.

Once gallstones are dissolved with methyl-
tert-butyl ether, patients generally undergo
long-term bile acid therapy. Cessation of adju-
vant bile acid therapy leads to a recurrence of
stones. The 5-year stone recurrence rate is about
40% for solitary stones and 70% for multiple
stones (116).

Ethyl propionate, a C5 ester, has also been
used to dissolve cholesterol gallstones; clinical
experience with this agent is limited.

At times an opacified rim appears in a gall-
stone during chemolitholysis; it consists of
calcium carbonate.

Bile acid therapy is also used to dissolve gall-
stones. Not all gallstones, however, dissolve.
Most hypodense or isodense stones respond to
bile acid therapy, while those with laminated or
rimmed calcifications rarely do. Thus in vivo CT
analysis of gallstones can predict the response
to bile acid therapy.

Choledocholithiasis
Biliary Colic

Biliary colic is a clinical description of the
severe pain experienced by patients with biliary
obstruction by stones. Sphincter of Oddi spasm
also plays a role in this condition because
manometry reveals significantly higher pres-
sures during a biliary colic attack.

Gallbladder volume during biliary colic is
several times greater than during the postcolic
state.

Preoperative Detection

Early published sensitivities for detecting 
choledocholithiases with CT and transabdomi-
nal gray-scale US have been up to 90%, although
most later studies report considerably lower
sensitivities. Computed tomography with thin

collimation and data acquisition in a single
breath-hold should prevent misregistration.
However, a number of bile duct stones are iso-
dense to bile and thus not detected, a situation
differing from urinary stones where even radio-
lucent stones are visible with CT. Specificity,
however, is >90% for both CT and US. In a study
of patients with suspected choledocholithiasis,
the sensitivities for detecting choledocholithia-
sis were 65% for unenhanced CT, 92% for oral
contrast-enhanced CT cholangiography (using
iopanoic acid), and 96% for MRCP (85); the
specificities did not differ significantly. It is
because of this low CT sensitivity that unen-
hanced CT has never achieved the popularity it
has reached with ureteral stone detection,
having been supplanted initially by ERC and
now by MRCP, which has a stone detection accu-
racy similar to that of ERC.

Although US detects only some bile duct
stones, it does have a role prior to laparoscopic
cholecystectomy. In a study of open cholecys-
tectomy with routine intraoperative cholan-
giography for cholelithiasis, the most important
preoperative predictor of bile duct stones was
US detection of a dilated common bile duct (86);
the authors defined three levels of risk:

1. Low: common bile duct not dilated; preva-
lence of bile duct stones was 1.5%

2. Moderate: dilated common bile duct but
normal liver function tests; prevalence of
stones was 49%

3. High: both dilated common bile duct and
abnormal liver function tests; prevalence
of stones was 67%

One recommendation is that ERCP should be
performed if the common bile duct diameter is
more than 6 to 7 mm for possible stone extrac-
tion. Yet dissenting voices are also heard. Thus
among consecutive patients undergoing laparo-
scopic cholecystectomy in a single surgical unit,
10% had stones and almost half of patients with
stones had small ducts (<6 mm as measured by
preoperative US) (87); the author cautions that
a preoperative US finding of a nondilated
common bile duct does not imply the absence
of stones.

In an occasional patient noninvasive studies
are inconclusive; ERCP similarly is inconclusive
or contraindicated and percutaneous cholan-
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giography is necessary if the diagnosis is in
doubt (Fig. 8.39).

Computed Tomography

Computed tomography shows most extrahep-
atic bile duct calculi to be of soft tissue density;
most are sharply marginated and most have a
higher density than adjacent bile. An occasional
obstructing stone is isodense to bile, with CT
showing an abrupt termination to the column of
bile; the appearance mimics that of malignancy.
At times, thin collimation reveals crescent-
appearing bile adjacent to a stone.

Ultrasonography

Conventional US can identify the entire
common bile duct course in about 80% of
patients, but detection of bile duct stones
achieves only about a 60% to 70% sensitivity.

Endoscopic US achieves >90% sensitivity and
almost 100% specificity in detecting bile duct
stones regardless of size or bile duct caliber, and
is at least as sensitive as ERC, but the need for
endoscopy introduces its own complexities.
Nevertheless, the complication rate for endo-

scopic US is significantly lower than with diag-
nostic ERCP.

Endoscopic US reveals bile duct stones as
intraductal hyperechoic foci with, in most,
acoustic shadowing. Residual debris can also be
hyperechoic but typically little or no shadowing
is evident.

Intraductal US has had limited application. It
can detect extrahepatic bile duct stones, but its
role is yet to be established.

Magnetic Resonance

Can MRI detect bile duct stones? Making study
comparisons difficult is that different imaging
techniques achieve different results. T2-
weighted MR sequences identified stones in
78% (41), results better than with US.

Magnetic resonance cholangiopancreatogra-
phy reveals choledocholithiasis better than con-
ventional MRI, with a number of publications
suggesting that detection rates are comparable
to ERCP. In fact, in some studies MRCP achieves
a higher sensitivity in detecting intrahepatic
stones than ERCP (88). In general, MRCP sensi-
tivities are 80% to 100% and specificities are
95% to 100% for detecting extrahepatic bile
duct stones, although some studies have
achieved a sensitivity of only about 60% (89). As
one example, MRCP using non–breath-hold 3D
fast spin echo (FSE), breath-hold single section
half-Fourier RARE and breath-hold multisec-
tion half-Fourier rapid acquisition with relax-
ation enhancement (RARE) sequences all
achieved similar sensitivities and specificities
exceeding 90% in detecting bile duct stones
(90). Evidence suggests that volume-rendered
MRCP is superior to maximum intensity 
projection or thick-section MRCP for stone
detection (89). Magnetic resonance cholan-
giopancreatography tends to be less optimal if
the bile ducts are not dilated or patients cannot
hold their breath during scanning. Stones not
surrounded by bile, such as those close to the
papilla, tend to blend into surrounding struc-
tures and even mimic a stenosis.

On T1-weighted images most stones are
hyperintense to bile, while on T2-weighted
images most are hypointense. Magnetic reso-
nance cholangiopancreatography, relying on
heavily T2-weighted images, reveals bile duct
stones as hypointense foci within high signal
intensity bile; stones as small as 2 mm in diam-

Figure 8.39. Common bile duct stones (arrows) in a jaundiced
patient with dilated ducts.
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eter can be detected. One should keep in mind,
however, that blood clots, gas, and polyps have
a similar appearance.

Intravenous Cholangiography

Intravenous cholangiography also detects bile
duct stones, and some have reported a detection
rates approaching 100%. These are exceptional
results. More typical is a 50% sensitivity and
over 95% specificity.

Therapy

The Presurgical Patient

The imaging approach to a precholecystectomy
patient suspected of harboring choledocholithi-
asis remains controversial. Gastroenterologists
and surgeons tend to take opposite views,
depending on their relative expertise. Typically,
if a patient is first seen by a gastroenterologist,
preoperative ERC is obtained and, if stones 
are identified, endoscopic sphincterotomy 
and stone extraction are performed. Some 
surgeons, on the other hand, regardless of
whether an open or laparoscopic cholecystec-
tomy is contemplated, prefer to explore 
extrahepatic bile ducts during surgery. Some
surgeons believe that the morbidity and mor-
tality for surgical therapy of choledocholithiasis
are comparable to or lower than that with endo-
scopic sphincterotomy. At times a combined
laparoscopic and endoscopic procedure is 
preferred.

One therapeutic approach with suspected
biliary stones is to divide patients into low- and
high-risk groups. Low-risk patients undergo
endoscopic US to confirm the presence of
stones, followed by surgery. High-risk patients,
on the other hand, undergo ERCP and sphinc-
terotomy. Such an approach should be modified
for individual expertise; also, the availability of
MRCP modifies the strategy employed.

In patients with common bile duct and
hepatic duct stones, endoscopic sphincterotomy
and basket extraction achieve complete stone
clearance in up to 90%; adding lithotripsy raises
the success rate. Small stones tend to pass spon-
taneously after sphincterotomy. Most stones
smaller than about 1 cm can be retrieved with
either a basket or a balloon. Larger stones are

usually fragmented, and the fragments are then
extracted. Most stones proximal to a stricture,
on the other hand, are difficult to extract and the
stricture must first be dilated.

Endoscopic papillary balloon dilation is 
performed by some endoscopists instead of
a sphincterotomy; whether the risk of com-
plications is less after balloon dilation is not
clear.

Endoscopic common bile duct cannulation is
often not feasible in patients with a previous
Billroth II gastric resection due to an excessively
long afferent loop. Nevertheless, successful
ERCP has been achieved in patients with a Bill-
roth II anastomosis and even in an occasional
patient with a Roux-en-Y reconstruction. A 
percutaneous transhepatic approach to sphinc-
terotomy and stone extraction is an occasional
alternative.

Intraoperative Imaging

A number of patients with choledocholithiasis
and failed preoperative endoscopic stone
extraction undergo a conventional open chole-
cystectomy and common bile duct exploration.
Occasionally during an open cholecystectomy a
surgeon encounters a stone impacted in the
distal common bile duct that cannot be removed
by stone forceps, basket, or catheter. Previous
surgical practice was to perform a transduode-
nal sphincterotomy, but some surgeons elect to
leave the stone in place, insert a T-tube, and then
have a radiologist extract the stone through the
T-tube tract. After a T-tube is in place and the
bile ducts decompressed, many of these so-
called impacted stones float free. Such an
approach is also feasible during laparoscopic
cholecystectomy.

One approach to managing common bile duct
stones is to perform endoscopic US in the 
operating suite before laparoscopic cholecys-
tectomy in patients at high risk of choledo-
cholithiasis. Ultrasonography is also feasible
during laparoscopy by introducing a transducer
probe through one of the trocar sites. Extra-
hepatic bile ducts are readily visualized, and
both common bile duct and cystic duct stones 
are detected. The sensitivity and specificity
approach 100% for stone detection; the surgical
approach is then modified accordingly. In 
addition, intraoperative US potentially also
detects gallbladder polyps and adenomyomato-
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sis, although the specificity and sensitivity are
not established.

Laparoscopic US can rival laparoscopic
cholangiography in stone detection, although
the latter procedure better defines the anatomy,
and these examinations are complementary.
Ultrasonography is more difficult to perform
and is limited in visualizing the intrapancreatic
portion of the common bile duct. Also, although
laparoscopic US detects most bile duct stones,
it does not detect subtle anomalous biliary
ducts. A practical problem in applying pub-
lished results is that technically excellent oper-
ative cholangiographic and sonographic study
quality are difficult to achieve; in many institu-
tions radiologists control neither the choice of
operative radiographic equipment used nor the
technical factors employed.

If during a laparoscopic cholecystectomy
imaging reveals unsuspected stones, one option
is to approach them with postoperative ERCP, at
which time most bile ducts can be cleared of
stones. On the other hand, if expertise with
laparoscopic bile duct exploration is available,
these patients undergo laparoscopic ductal
stone clearance rather than an open procedure.
The common bile duct can be explored either
via a choledochotomy and T-tube insertion or
through a transcystic duct choledochoscope—
technically difficult procedures that prolong
surgical time. In experienced hands, however,
choledocholithiasis is successfully managed
with primary laparoscopic choledochotomy and
stone extraction. Laparoscopic transcystic com-
mon bile duct exploration or choledochotomy
are easier if the cystic duct and common bile
duct are dilated.

One alternative for patients with an abnormal
laparoscopic cholangiogram is to thread a
double-lumen catheter through the cystic duct
and into the duodenum. The catheter allows
postoperative cholangiography and also assists
postoperative endoscopic sphincterotomy and
stone extraction.

Intraoperative choledochoscopic electrohy-
draulic lithotripsy has been performed for a
stone impacted in the distal common bile duct,
but limited data are available for this procedure.

The High-Risk Patient

Extracorporeal lithotripsy is an alternative for
surgically high-risk patients with choledo-

cholithiasis. Such lithotripsy was more in vogue
a number of years ago and is currently per-
formed in only a limited number of centers,
mostly in Europe. Stones are visualized by US.
Complete stone clearance has been achieved in
80% to 90% of patients. Some patients require
several sessions, and subsequent endoscopic
fragment extraction may be necessary. One 
consideration is that in some patients with suc-
cessful lithotripsy, stones eventually recur.

Intracorporeal contact lithotripsy using an
electrohydraulic or laser lithotriptor has had
limited application. Specialized equipment is
required for each technique. Nevertheless,
percutaneous transhepatic or retrograde chole-
lithotripsy is an option in some high-risk
patients or with complex stones. It is performed
under local anesthesia, an access tract dilated,
and stones fragmented using choledochoscopic
lithotripsy. Any residual fragments are 
removed either through a transhepatic route or
endoscopically. The electrohydraulic and laser
approaches have similar success rates, morbidi-
ties, and hospitalization times. An alternate
technique in a patient with failed endoscopic
stone therapy is percutaneous transhepatic
calculi extraction using occlusion catheters and
Dormia baskets (91); balloon dilation of the
papilla is generally also performed. In a difficult
situation, a motor-driven basket can fragment a
stone. Even the Angiojet thrombectomy device
has been used to clear impacted intrahepatic
debris (92).

Biliary Dyskinesia
The term biliary dyskinesia is used to describe
abnormal bile duct function when an anatomic
cause has been excluded. Also called acalculous
biliary colic, initially it was applied mostly to
sphincter of Oddi spasm. A separate entity,
cystic duct syndrome, has been introduced.
Both represent a paradoxical response to bile
flow. Thus instead of the gallbladder constrict-
ing, sphincter of Oddi dilating and bile flowing
into the duodenum, the sphincter remains in
spasm when cholecystokinin is injected.

Ultrasonography suggests that instead of
constricting, in some patients the gallbladder
initially relaxes in response to a fatty meal,
followed by a marked constriction. Such
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bimodal gallbladder response differs from the
simple unimodal constriction of most normal
gallbladders.

Cholescintigraphy is often the imaging pro-
cedure of choice in identifying these conditions.
The diagnosis, however, should be made cau-
tiously and only after excluding more obvious
diagnoses.

Fistula
Cholecysto- and choledochoenteric fistulas
develop primarily to the duodenum and
stomach but occasionally involve small bowel
and colon. About two thirds of these are 
choledochoduodenal, followed by cholecysto-
duodenal, cholecystocholedochal, and the least
common being cholecystocolonic fistula; the
vast majority of these fistulas are caused by
biliary calculi, and a small minority are due to
malignancies and, rarely, peptic ulcer disease.

Among duodenal fistulas most involve the
duodenal bulb. Some of the incriminating gall-
stones cause gallstone ileus, although smaller
gallstones pass through the gastrointestinal
tract without obstructing (gallstone ileus is dis-
cussed in Chapters 3 and 4). Pneumobilia is a
variable finding. Many of these patients do not
have signs and symptoms of acute cholecystitis,
although a past history of biliary stones or
recurrent biliary tract infection is not 
uncommon.

A cholecystocolic fistula induces diarrhea.
Cholangitis is not common. The diagnosis can
be established with a barium enema, although
some of these fistulas produce sufficient colonic
distortion that a barium enema even suggests a
colon carcinoma. Biliary scintigraphy identifies
a cholecystocolic fistula by direct transverse
colon visualization without significant small
bowel activity.

In an occasional patient with a cholecystocu-
taneous fistula, gallstones pass through the
fistula. At times an adjacent abscess develops.
These external fistulas are best studied with
fistulography. Detection of internal fistulas by
imaging is problematic; the claimed detection
rates with CT and MRI vary considerably.

Bronchobiliary fistulas are rare. Many of
these are sequelae of prior hydatid cyst surgery;
a rare one is secondary to a hepatocellular 
carcinoma.

Gallbladder Torsion/Volvulus
Some authors use the terms torsion and 
volvulus interchangeably. To maintain accuracy,
volvulus should be reserved for gallbladder
torsion with lumen obstruction.

The gallbladder fundus is encased by peri-
toneum, which occasionally is rather lax, thus
allowing the gallbladder to twist around the
elongated mesentery.A twist occludes either bile
outflow, blood flow, or both, and volvulus
ensues. Clinically, gallbladder volvulus mimics
acute cholecystitis and is a cause of acute
abdominal pain. At times gallbladder volvulus
suggests acute appendicitis. Neglected gallblad-
der volvulus evolves to perforation, bile peri-
tonitis, and spill of any gallstones into the
peritoneal cavity. Spilled bile is often infected,
thus further compounding gallbladder 
perforation.

Laparoscopic cholecystectomy for torsion
and volvulus has been performed. Initial
laparoscopic gallbladder decompression and
detorsion aid subsequent cholecystectomy.

Gallbladder Hydrops
Gallbladder hydrops develops secondary to gall-
bladder distention due to cystic duct obstruc-
tion in the absence of infection. In some patients
the gallbladder is palpable.

Vascular Lesions
Hemobilia
Hemobilia signifies hemorrhage into bile duct
lumen. These patients present with upper 
gastrointestinal bleeding, abdominal pain is
common, and, obstructive jaundice develops
due to intraductal blood clots. Hemobilia origi-
nating in the gallbladder has led to malignant
hypertension (93). Hemobilia is a rare cause of
pancreatitis.

Causes of hemobilia are rather extensive
(Table 8.8). A coagulopathy, often part of end-
stage liver cirrhosis, is a somewhat neglected 
diagnosis of spontaneous hemobilia.An eroding
umbilical venous catheter is a cause for these
fistulas (Fig. 8.40). Trauma and resultant vascu-
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lar-to-bile duct fistula are common causes of
hemobilia. Even small hepatocellular carcino-
mas result in hemobilia. Hemobilia due to
metastases, on the other hand, is uncommon.

Endoscopy detects bleeding from the ampulla
of Vater.

Blood increases bile attenuation 30 to 50 HU.
Blood clots form eventually and, having a
higher specific gravity than bile, tend to settle
into a dependent position in the gallbladder or
bile ducts. Clotted blood appears as cast-like
bile duct and gallbladder defects.

Ultrasonography reveals gallbladder blood
clots as intraluminal masses. Blood within
dilated bile ducts is hyperechoic. Aneurysms
adjacent to bile ducts are detected with Doppler
US; if needed, CT or selective hepatic arteriog-
raphy provides confirmation.

Technetium-99m–red blood cell scintigraphy
in a patient bleeding into intrahepatic bile ducts
results in early gallbladder activity.

Arteriography identifies a source of uncon-
trolled bleeding in most patients, and tran-
scatheter arterial embolization should arrest
bleeding in most. Rarely, operative ligation of a
bleeding vessel or even major liver resection is
necessary.

Eventual gallbladder ischemia is a presumed
common pathway for some of the cholecysti-
tides. Ischemic cholecystitis can be induced by
arterial chemoembolization of a hepatocellular
carcinoma (94).

Gallbladder edema, congestion, and multiple
small-vessel thrombi develop after crack
cocaine use.

Bile duct ischemia is uncommon except in a
setting of feeding vessel ligation or intravascu-
lar chemotherapy. Some secondary sclerosing
cholangitis presumably is ischemic in origin.

Crack cocaine use leads to small-vessel
thrombi, gallbladder wall edema and eventual
ischemia.

Varices
Gallbladder varices develop in a setting of
portal vein thrombosis. These dilated veins
bypass a locally thrombosed portal vein
segment and drain into intrahepatic portal 
vein branches. They probably do not interfere
with gallbladder function. Children with portal
hypertension due to extrahepatic portal vein
obstruction also develop gallbladder varices.

Table 8.8. Etiologies of hemobilia

Trauma
Liver biopsy
(Pseudo)aneurysm

Hepatic artery
Cystic artery
Superior pancreaticoduodenal artery

Arterioportal fistula

Neoplasm
Hepatocellular carcinoma
Liver metastases
Gallbladder carcinoma

Vasculitis
Polyarteritis nodosa
Lupus vasculitis

Coagulopathy
Coagulopathy due to end-stage cirrhosis
Idiopathic thrombocytopenic purpura

Infection
Septic emboli
Ascariasis

Gallstone eroding into an artery

Iatrogenic

Figure 8.40. Splenic vein-to-bile duct fistula due to umbilical
catheter erosion. Contrast was injected into the umbilical
catheter.
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Gallbladder varices are recognized by both
CT and US, with CT arterial portography iden-
tifying communication with intrahepatic portal
vein branches. Ultrasonography reveals these
varices as tortuous, dilated vessels in the gall-
bladder wall.

Patients with portal vein cavernous transfor-
mation develop bile duct varices as part of
venous collaterals; some of these varices exert
sufficient pressure on the bile duct lumen to
induce cholestasis. Angiography outlines the
underlying vascular anatomy, and cholangiog-
raphy defines these serpiginous extraluminal
defects.

Pericholecystic Fluid
Collections
Fluid around the gallbladder is common both 
in acute cholecystitis and in such conditions 
as pancreatitis, gallbladder torsion, ascites,
adjacent abscess, and hematoma. Superficially,
pericholecystic fluid mimics gallbladder wall
edema, but this fluid does not enclose the entire
gallbladder and does not enhance with contrast.

Immunosuppression
Acquired Immunodeficiency
Syndrome
Cholecystitis

A number of opportunistic infections are 
implicated in acute acalculous cholecystitis in
acquired immunodeficiency syndrome (AIDS)
patients. Ultrasonography reveals a distended
gallbladder, no calculi, and a thickened gall-
bladder wall—nonspecific findings.

Not all HIV-infected patients with right 
upper quadrant symptoms have cholecystitis.
Ultrasonography in patients undergoing inter-
leukin-2 therapy reveals gallbladder wall thick-
ening and intramural and pericholecystic fluid
(95); the severity of these findings is related to
interleukin-2 dose, and both symptoms and 
US abnormalities resolve after the end of
therapy.

Cholecystectomy in AIDS patients often does
not improve symptom and is associated with a
high mortality.

Cholangitis

Acquired immunodeficiency syndrome patients
develop cholestatic liver enzyme abnormalities.
Many of these patients have infection with 
an unusual organism, but some have no source
for cholangitis and direct HIV infection is 
postulated.

Acquired immunodeficiency syndrome
cholangitis, at times called AIDS cholangiopathy
and AIDS-related sclerosing cholangitis, is
detected with cholangiography (Fig. 8.41). Mild
abnormalities found with direct cholangiogra-
phy tend to be missed by other imaging modal-
ities. Neoplastic disease, on the other hand, is
better detected with CT.

Imaging reveals mild to moderate multiple
strictures involving both intra- and extrahep-
atic bile ducts. Bile duct wall outline tends to be
irregular. The overall appearance is similar to
that seen in sclerosing cholangitis, although it is
possible to differentiate with imaging between
AIDS-associated cholangitis and primary scle-
rosing cholangitis; in AIDS cholangitis papillary
stenosis is relatively common, and a number 
of these patients develop gallbladder and 
cystic duct involvement—findings not seen in

Figure 8.41. Acquired immunodeficiency syndrome (AIDS)
cholangitis. The bile ducts contain mild strictures and a slight
irregular outline is evident, findings similar to mild primary scle-
rosing cholangitis.
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primary sclerosing cholangitis. Also, patients
with AIDS cholangitis are more prone to 
developing superimposed pyogenic cholangitis.
Considerable overlap exists between CT and
cholangiographic findings.

Tumors

Children with AIDS appear to be at risk for
smooth muscle neoplasms. Gallbladder leiomy-
omas and gallbladder Kaposi’s sarcomas have
been reported in HIV-infected children. Some
also develop splenic artery calcifications.

Postoperative Changes
Postcholecystectomy
Does the common bile duct dilate after a chole-
cystectomy? One large study found that, on
average, the duct did increase slightly in diame-
ter, although some patients had no significant
change (96).

Postcholecystectomy syndrome consists of
recurrent biliary-like pain or dyspeptic symp-
toms. Some patients have sphincter of Oddi dys-
function, a dilated bile duct, or delayed biliary
drainage, while others have no objective
findings. An increase in bile salt concentration
in fasting gastric juice occurs after cholecystec-
tomy, suggesting that duodenogastric reflux
may have a role in pathogenesis of this 
syndrome.

An occasional metal clip applied during
cholecystectomy migrates into bile duct lumen
and acts as a foreign-body nidus for gallstone
formation (Fig. 8.42). Similarly, a suture thread
can occasionally be identified in a postchole-
cystectomy bile duct stone.

Magnetic resonance cholangiopancreatogra-
phy is evolving into a primary screening study
for postcholecystectomy syndrome. Dilated 
bile ducts, strictures, retained stones, and other
related abnormalities are detected. Scintigraphy
often shows patent ducts but delayed biliary
transit, suggesting liver dysfunction.

Sump Syndrome
Sump syndrome occurs in the presence of distal
common bile duct obstruction after a side-to-
side choledocho- or cholecystoduodenostomy

(Fig. 8.43). Distal obstruction causes stasis and
debris in the distal common bile duct stump, at
times associated with cholangitis and even pan-
creatitis.A sphincterotomy, if feasible, should be
curative. Endoscopy via the side-to-side chole-
docoduodenostomy or even a percutaneous
transhepatic approach is occasionally helpful if
transpapillary access is not possible.

This syndrome should not develop after a
choledochojejunostomy or a hepaticojejunos-
tomy.

Changes After Biliary-Enteric
Anastomoses
Detection of postoperative biliary leaks is dis-
cussed in a previous section under complica-
tions of therapy for acute cholecystitis. Afferent
loop obstruction is covered in Chapter 4.

A cholangiogram, regardless of how it is per-
formed, should be diagnostic of a postoperative
bilioenteric stricture (Fig. 8.44), but both ERCP
and a percutaneous approach are invasive 
procedures. Magnetic resonance cholangiopan-
creatography has evolved into an accurate post-

Figure 8.42. Metal clip encased in a stone (arrow) in a patient
with a previous cholecystectomy. (Courtesy of Stephen Laucks,
M.D., Hazleton, Pennsylvania.)
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half-Fourier RARE MRCP achieved a 100% sen-
sitivity and 86% to 87% specificity in detecting
dilated ducts and choledochoenteric anasto-
motic strictures (97).

Rarely, cholangitis developing after a hepati-
cojejunostomy is secondary to reflux of intes-
tinal content from the jejunal limb.

Endoscopic retrograde cholangiopan-
creatography is feasible after a choledocho-
duodenostomy but is precluded after a
choledochojejunostomy unless the afferent limb
is short. Aside from percutaneous cholan-
giography, MRCP is the procedure of choice to
study these bile ducts.

Examination Complications
Endoscopic Retrograde
Cholangiopancreatography
General

A comparison of ERCP complication rates in
different centers is a complex task, and most
complication studies are difficult to place in
perspective. Most endoscopic complications
published prior to the early 1990s were anec-
dotal and tended to underestimate the com-
plications. Since then a number of large,
prospective studies have established that mor-
tality and morbidity are directly related to the
patient populations studied and the presence 
of underlying disorders. Thus the complication
rate in elderly patients with acute cholangitis is
different from that encountered in elective bile
duct stone removal. Complication rates for
endoscopic sphincterotomy vary with operator
experience, indication, amount of manipula-
tion, and degree of duct distention. In general,
sphincterotomy complications are higher when
the procedure is performed for sphincter of
Oddi dysfunction and lower when performed
for biliary stone extraction.

Primary ERCP and sphincterotomy complica-
tions are bleeding, pancreatitis, perforation, and
sepsis. Because ERCP is an endoscopic proce-
dure, the complications of endoscopy in general
also occur; these include aspiration, perforation,
and the risks of sedation. Endoscopic sphinc-
terotomy complications include intrapapillary
contrast extravasation, peri-Vaterian and 
pericholedochal infiltration, and extraperi-

Figure 8.43. Sump syndrome. A cholecystoduodenostomy was
performed years ago. The distal bile ducts are filled with sludge
(arrow).

Figure 8.44. Stricture (arrow) and stones (arrowheads) after
choledochojejunostomy.The patient had a prior Whipple proce-
dure for a cholangiocarcinoma.

operative imaging modality to detect these
strictures, identify any residual stones, and 
evaluate dilated ducts. In 34 patients who 
underwent pancreaticobiliary ductal surgery,
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toneal contrast leakage. The latter presumably
involves duodenal perforation.

Suspected post-ERCP complications are best
studied with CT. Significant bleeding is an 
indication for arteriography and, if needed,
embolization.

Pancreatitis

Although hyperamylasemia is common after
ERCP, only occasionally is clinical pancreatitis
evident. Nevertheless, pancreatitis is the most
common complication of ERCP. A 5% risk of
clinically evident pancreatitis during diagnostic
ERCP and up to 10% during therapeutic proce-
dures is probably typical for an experienced
endoscopic center. Patients with a normal-
caliber common bile duct appear more prone to
developing pancreatitis than those with a
dilated duct.

Computed tomography is not necessary with
suspected mild pancreatitis. With more severe
clinical signs and symptoms, CT confirms the
diagnosis, identifies any necrosis, and excludes
other complications. Computed tomography
findings of ERCP-associated pancreatitis are
similar to those seen with pancreatitis due to
other causes.

Perforation

Perforations are either intra- or extraperitoneal
in location; the latter is suggested if gas is
identified in soft tissues around the papilla of
Vater. The clinical relevance of such gas,
however, is a complex issue, and soft tissue gas
is detected after ERCP in some asymptomatic
patients. The amount of gas, identified with CT,
does not correlate with the size of a perforation.
In fact, some authors do not consider isolated
extraperitoneal gas to represent a perforation.
At times injected contrast is identified in soft
tissues and the procedure is aborted. Most
extraperitoneal perforations heal sponta-
neously, with only a minority progressing to
clinically evident infection, sepsis, and abscess.

An intraperitoneal perforation is less
common and results in a pneumoperitoneum.
Some of these duodenal tears are quite large.
Occasionally with a large tear the endoscopist
will suddenly visualize the peritoneal cavity and
abort the procedure.

A guidewire or catheter readily perforates
through the bile duct wall, including cystic duct.
Most of these perforations close spontaneously.

Post-ERCP CT detection of an abnormal fluid
collection generally implies that either percuta-
neous drainage or surgical correction is neces-
sary. If the clinical or initial CT findings are
ambiguous, either a contrast study or follow-up
CT should clarify the cause.

A patient developing an acute abdomen after
ERCP should be suspected of having either pan-
creatitis or a perforation. Pancreatitis generally
develops several hours after a procedure, while
perforations tend to manifest sooner. In most
patients CT is the imaging modality of choice to
distinguish between these two entities. Whether
to perform a water-soluble upper gastrointesti-
nal contrast study to detect a perforation is
debatable, but probably is not necessary in most
patients. Such a study should be considered only
if the results will modify therapy. In a setting of
a small perforation, a water-soluble contrast
study shortly after ERCP often does not identify
a leak, and most patients are managed 
conservatively.

Other Complications

Over a third of patients develop bacteremia
after ERCP (98); Escherichia coli, Morganella
morganii, Staphylococcus spp., and Streptococcus
spp. are typical isolates. In spite of bacteremia,
septicemia and clinical evidence of infection are
uncommon.

Hemorrhage is a relatively common compli-
cation after endoscopic sphincterotomy, but
most often is self-limiting in scope. Some 
bleeding can be controlled during endoscopy by
sclerotherapy, cautery, epinephrine injection,
or balloon tamponade, but extensive arterial
bleeding requires either arteriographic emboli-
zation or surgical therapy. Hemorrhage can be
delayed by 24 to 48 hours after endoscopic
sphincterotomy and can be sufficiently brisk to
require transfusion.

Endoscopic manipulation of benign and
malignant biliary strictures is associated with
few complications. Pancreatitis is a possibility.
Most bleeding is treated conservatively.

A rare complication of endoscopic sphinc-
terotomy is pneumomediastinum. Portal
venous gas is also rare after ERCP and sphinc-
terotomy; presumably intraluminal gas enters
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through mucosal tears. Even fatal hepatic air
embolization has developed.

Occasional unexplained prolonged cholesta-
tic jaundice develops after ERCP; presumably it
is related to the contrast agent used.

Rarely, a basketed large stone cannot be
extracted. Most often such a stone is crushed or
a basket wire broken and the crushed stone
fragments then extracted.

Percutaneous Cholangiography
Similarly to ERCP, percutaneous transhepatic
cholangiography and biliary drainage can result
in bacteremia; cholangitis and septicemia are
uncommon as long as adequate drainage is
maintained.

Significant arterial bleeding does develop
during percutaneous transhepatic biliary drain-
age and stenting. Arterial embolization is
required in some.

Perforation of a peri-Vaterian duodenal
diverticulum is a rare complication.

Poststenting
An arterioportal fistula is a complication of per-
cutaneous biliary drainage and results in hemo-
bilia. At times transarterial embolization is
indicated.

A metallic endoprosthesis eroding through
duodenal mucosa can cause bleeding or even
duodenal perforation. Most stents migrating
distally will pass spontaneously; several have
perforated the sigmoid colon. A rare biliary
stent migrates proximally into the liver and
leads to an abscess.

A long-term complication of biliary stents
placed for therapy of benign biliary strictures is
obstruction. In one study, primary metallic stent
patency decreased from 75% after 12 months to
25% after 36 months (99). Repeat stent occlu-
sions develop due to sludge, stones, or simply
mucosal hyperplasia; periodic stent replace-
ment is necessary.

A hunting accident led to buck shot obstruct-
ing a biliary prosthesis (100).

Biopsy
Tumor seeding after percutaneous biopsy is dis-
cussed in Chapter 7.

A common complication of percutaneous
liver biopsy is hemobilia.
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Technique
Computed Tomography
Techniques and terminology used with 
computed tomography (CT) are discussed in
Chapter 7. Intrapancreatic structures and peri-
pancreatic vessels are better visualized with
helical CT than with conventional CT. Multislice
CT images both soft tissues and vessels and, if
desired, provides three-dimensional (3D) views.
Some authors use the term pancreatic phase,
defined as 40 to 70 seconds after the start of
intravenous contrast infusion.

A typical multislice CT technique consists of
a biphasic (pancreatic phase and portal venous
phase) thin slice study of the upper abdomen.
An additional arterial phase is useful for identi-
fying adjacent blood vessels and detecting
hypervascular tumors. In general, a higher con-
trast dose and faster injection rate result in
greater and earlier parenchymal enhancement.

Computed tomography angiography can
depict secondary arterial branches such as the
pancreaticoduodenal arcades and dorsal pan-
creatic artery. Three-dimensional volume ren-
dering appears superior to maximum intensity
projection (MIP) and shaded surface display
(SSD) in evaluating these vessels (1).

Ultrasonography
The use of bowel hypotonia combined and gas-
troduodenal distention with water (a technique

called hydrosonography) aids in visualizing the
pancreas. After ingesting water with sime-
thicone, followed by patient rotation, the pan-
creatic tail was visualized by ultrasonography
(US) in 79% of patients, compared to 7% in 
controls (2).

Endoscopic US provides better resolution 
of structures in the pancreatic head than con-
ventional US. Especially with small lesions,
endoscopic US can guide percutaneous biopsy
and aspiration cytology. Most endoscopic US 
of the pancreas is performed either transgastric
or transduodenal. Color Doppler US of the 
pancreas is feasible using an endoscopic
approach.

Intraductal US probes using up to 30-MHz
transducers are being developed. A probe
inserted through the ampulla into the pancre-
atic duct can image structures up to 20 to 30 mm
in diameter. The portal vein and other adjacent
larger veins are readily visualized.

Carbon dioxide bubbles mixed with
heparinized saline and injected into the celiac
artery are a potential intraarterial contrast
agent when imaging the pancreas. Such US,
termed sonographic angiography, appears
useful when evaluating pancreatic vascularity;
pancreatic ductal cancers show no or mild
enhancement, while islet cell tumors and serous
cystadenomas reveal strong enhancement.
This specialized technique is better suited for
endoscopic US rather than transabdominal US.
Currently the literature on sonographic angiog-
raphy is rather limited.

9
Pancreas

501



502

ADVANCED IMAGING OF THE ABDOMEN

The pancreas can be imaged through sub-
costal and umbilical laparoscopic ports. A fluid-
filled stomach acts as an acoustic window,
although resolution of pancreatic lesions is
improved by using a higher frequency trans-
ducer directly from the lesser sac.

Magnetic Resonance Imaging
Magnetic resonance (MR) techniques useful in
evaluating the pancreas are T1- and T2-
weighted sequences, arterial and venous phase
postcontrast images, magnetic resonance
cholangiopancreatography (MRCP), and mag-
netic resonance angiography (MRA). Fat-
suppression improves image conspicuity
(MRCP is discussed in more detail below; see
Pancreatography). The term hydrospiral CT has
been used for helical CT of the pancreas when
using pharmacologic bowel paralysis and water
distention of the stomach and duodenum.

Normal pancreas is iso- to slightly hyperin-
tense to liver on T1-weighted images and
hypointense to surrounding fat. It becomes
hyperintense on T1-weighted fat-suppression
images. It is iso- to hyperintense to liver on 
T2-weighted images. The extracellular gadolin-
ium chelates enhance normal pancreatic
parenchyma homogeneously. Because most
tumor vascularity differs from normal tissue
vascularity, postcontrast pancreatic-phase or
equilibrium-phase imaging was initially often
employed, with pancreatic ductal cancers
tending to be hypointense and islet cell tumors
hyperintense on these images. Currently, with
further advances in technique, fat-suppressed
pre- and postcontrast arterial phase T1-
weighted images are commonly employed.

In normal individuals, the pancreatic arterial
phase occurs at about 15 seconds from the start
of contrast injection, the parenchymal phase at
25 seconds, the portal phase at 60 seconds, and
the equilibrium phase at about 100 seconds. In
distinction to the liver, which receives most of
its blood supply from the portal vein and thus
enhances maximally during the portal phase,
maximal pancreatic enhancement is during 
the late arterial-to-pancreatic phase. After 
intravenous (IV) bolus of gadopentetate dimeg-
lumine in patients with no pancreatic malig-
nancies, the best pancreatic images are obtained

15 seconds after the arrival of contrast in the
abdominal aorta (3); the peripancreatic vessels,
on the other hand, are best seen at 25 seconds
or later.

Short sequences that minimize artifacts are
necessary in pancreatic MRI. A typical study for
tumor detection consists of an oral contrast
agent to outline the gastrointestinal tract and
pre- and postgadolinium images. With state-
of-the-art MR units, fat-suppressed, single
breath-hold spoiled gradient echo (SGE)
sequences are often used. Combining fat 
suppression and oblique imaging improves
visualization of both normal pancreas and
abnormalities, compared with conventional
axial and axial fat-suppressed T1-weighted
imaging; oral barium aids as a duodenal con-
trast marker in differentiating pancreatic head
from adjacent bowel.

Endoscopic MRI uses an endoscope with a
small radiofrequency coil attached to the tip.
After endoscopic tip placement in the duode-
num, the patient is placed in an MR unit and
appropriate images are obtained. Preliminary
results suggest that the pancreatic duct is well
defined, tumors in the pancreatic head are
identified, and even portal vein invasion is
detected (4).

Uptake of the manganese MR contrast agent
(Mn-DPDP) is evident by a normal pancreas,
which becomes hyperintense on T1 postcontrast
images, while signal intensity of many lesions is
unchanged. As a result, lesion conspicuity is
increased. Further study is needed to define 
the role of this contrast agent, which persists 
in the pancreas considerably longer than
gadolinium.

Pancreatography
Endoscopic

Endoscopic retrograde pancreatography (ERP)
is the current approach to direct pancreatic duct
visualization.

Transgastric pancreatography using endo-
scopic US for guidance has been attempted. This
technique has a possible role after failed endo-
scopic retrograde cholangiopancreatography
(ERCP), although MR pancreatography appears
more appropriate.
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Percutaneous

One alternative is percutaneous pancreatogra-
phy performed under US guidance, followed by
contrast injection into the pancreatic duct
under fluoroscopic control. With a previously
unsuccessful ERP, this technique occasionally
appears worthwhile if the pancreatic duct is
dilated due to chronic pancreatitis or pancreatic
carcinoma.

Computed Tomography

Similar to the bile ducts, CT multiplanar refor-
matted imaging using minimum intensity pro-
jections of selected tissue volume thicknesses
reduces partial volume effects and makes a
normal pancreatic duct visible. In particular,
multiplanar images combined with 0.5-mm or
thinner axial images during the arterial phase
aid in evaluating the pancreatic duct (5); current
techniques allows visualization of the main
pancreatic duct in over 90% of patients and
accessory pancreatic duct in about half, but not
the side branches.

In distinction to MR pancreatography,
CT pancreatography detects pancreatic 
calcifications.

Magnetic Resonance

Magnetic resonance cholangiopancreatography
is discussed in more detail in Chapter 8. By
selecting appropriate heavily weighted T2 pulse
sequences, nonflowing fluid appears bright
against a darker background. Magnetic reso-
nance pancreatography relies on this property
of bile and pancreatic fluid being hyperintense
on T2-weighted images. The main pancreatic
duct is readily identified, but normal secondary
branches are visualized incompletely. Images
resemble those obtained with ERCP, with a
number of publications concluding that detec-
tion of pancreatic duct abnormalities is similar
to ERCP. It is a noninvasive procedure, no con-
trast is injected into the ducts, and thus no com-
plications are encountered. It can be performed
with a mid-strength [0.5-tesla (T)] magnet.
Magnetic resonance pancreatography achieves
sensitivities of >80% and specificities >90% in
detecting pancreatic duct stenosis, obstruction,
and dilation.

Secretin stimulation of pancreatic secretions
improves MR visualization of a nondilated main

pancreatic duct (6); no gross improvement is
evident once the pancreatic duct is dilated.
Secretin stimulated MRCP can be used to
measure pancreatic duct flow rates and changes
in duodenal fluid volume, findings indicative of
pancreatic exocrine function (7), yet whether
secretin administration is of value in a setting
of chronic pancreatitis as a test of pancreatic
function is arguable.

Oral contrast agents such as iron gluconate,
iron oxide, and barium sulfate reduce back-
ground noise and make interpretation easier.

Pancreatic duct caliber should be measured
with caution on MR images; partial volume
averaging of an adjacent splenic vein makes the
duct appear wider with some MR sequences. If
needed, T2-weighted spin-echo (SE) sequences
are used to differentiate a pancreatic duct (high
signal intensity fluid) from flowing blood
(signal void). Magnetic resonance pancreatog-
raphy overestimates duct stenoses. Secretin in a
dose of 1 clinical unit/kg stimulates pancreatic
exocrine secretions, distends the pancreatic
duct transiently, and improves pancreatic duct
visualization.

Pancreatoscopy
Instruments for direct visualization of the pan-
creatic duct mucosa are becoming available.
Currently described are thin fiberscopes several
millimeters in diameter and pancreatoscopes,
which are inserted either via an ERCP cannula
or are free-standing. Their primary role is in
visualizing and defining lesions involving the
main pancreatic duct.

Scintigraphy
2-[18F]-fluoro-deoxy-D-glucose positron emis-
sion tomography (FDG-PET) appears useful in
assessing indeterminate CT findings for sus-
pected pancreatic carcinoma. The primary
future interest in PET will probably be in tumor
uptake. For example, if levodopa (L-dopa) is
labeled with carbon 11 in the b position, the
radioactive carbon label follows L-dopa through
decarboxylation to dopamine, and significant
uptake occurs in a pancreatic glucagonoma and
gastrinoma (8); on the other hand, with C 11 in
the L-dopa carboxyl group, it is eliminated from
tissue as CO2 during decarboxylation and little
C-11 uptake occurs.
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Biopsy
Both solid and cystic pancreatic tumors are rou-
tinely biopsied on an outpatient basis using US
guidance, the tumor etiology is established, and
few complications are encountered. As an alter-
native, aspiration using endoscopic US as a
guide achieves high diagnostic accuracy in eval-
uating pancreatic tumors.

The most common complication associated
with fine-needle aspiration is acute pancreatitis.

The presence of a trained cytopathologist is a
prerequisite to interpreting fine-needle aspira-
tion biopsies.

Congenital Abnormalities
Several systems are in use for classifying con-
genital pancreatic duct anomalies. A common
scheme is to subdivide anomalies into migra-
tion and fusion. The most common is fusion
failure between the dorsal and ventral pancre-
atic ducts (pancreas divisum).

Migration variations include pancreatic rests,
which are formed by incomplete migration of
the prepancreatic anlage. As a result, pancreatic
tissue remains in stomach wall, duodenum, and
other structures. Likewise, failure of full rotation
of the prepancreatic buds results in an annular
pancreas.

In some patients it is difficult to predict
whether a detected congenital anomaly is
indeed responsible for a particular clinical
problem.

Agenesis
Complete agenesis of the pancreas is incompat-
ible with life. Partial agenesis is rare, with either
the ventral or dorsal segment failing to develop.
This congenital anomaly is associated with
polysplenia and intrathoracic anomalies.
Agenesis of the dorsal segment results in only
the head of the pancreas being present; CT and
MR show this segment as an oval mass. Many 
of these patients also have diabetes mellitus,
presumably because of islet cell agenesis, which
normally are predominantly located in the body
and tail of the pancreas.

The uncinate process is either absent or
hypoplastic in patients with intestinal nonrota-

tion, presumably secondary to incomplete pan-
creatic primordial ventral bud rotation.

Pancreas Divisum
Pancreatography and immunohistochemical
staining of pancreatic polypeptide identify two
types of dorsal and ventral duct fusion (Fig. 9.1):
(1) one-point fusion at the junction of main
duct and accessory pancreatic duct, and (2) two-
point fusion not only at the primary duct junc-
tion site but also at a second site. Abnormal
embryologic fusion (or lack of fusion) of the
ventral and dorsal primordia causes pancreas
divisum.

Pancreas divisum is the most common con-
genital anomaly of the pancreas, with autopsy
studies showing about a 6% prevalence. Some
consider pancreas divisum to be an innocuous
congenital variant, while others believe that it 
is associated with a higher prevalence of pan-
creatitis. The frequency of pancreas divisum in
patients with pancreatitis is significantly higher
than in a general population. If found in several
family members, is this hereditary pancreatitis
in a setting of familial pancreas divisum? 
Pancreatitis in this patient population often is
focal and limited to a dorsal distribution. It is
often technically difficult in these patients to
cannulate the dorsal pancreatic duct (duct 
of Santorini); nevertheless, some endoscopy
centers have achieved a high success rate and
have become referral centers for this procedure.

Pancreas divisum does not appear to predis-
pose to an anomalous pancreaticobiliary duct
union.

Pancreas divisum is generally detected by
pancreatography. At times CT identifies distinct
ventral and dorsal pancreatic ducts (Fig. 9.2).
Occasionally CT suggests pancreas divisum 
by an indistinct mass in the head of the 
pancreas.

An MRCP detects about half the pancreas
divisum anomalies. Secretin administration
appears to aid in this detection.

The prevalence of both acute relapsing 
pancreatitis and chronic pancreatitis appears to
decrease following minor papilla sphinctero-
tomy and resultant accessory duct decompres-
sion. At times stenting of the dorsal pancreatic
duct relieves symptoms.
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Annular Pancreas

In neonates an annular pancreas is associated
with esophageal atresia, tracheoesophageal
fistula, duodenal stenosis or atresia, and malro-
tation. Rare instances of an annular pancreas
and pancreas divisum in the same patient have
been reported.

Symptoms of an annular pancreas not
uncommonly manifest during adulthood, the
most common findings being abdominal pain,
gastric outlet obstruction, pancreatitis, and a
pancreatic tumor (Fig. 9.3).

In the newborn, conventional radiography of
complete obstruction by an annular pancreas
shows a “double-bubble” sign with no bowel gas

distally. Only in a minority of older individuals
does a barium study suggest annular pancreas.
CT and MRCP also underdiagnose this condi-
tion. At times ERP suggests the diagnosis,
although in some patients confirmation is made
only at surgery. Computed tomography and MR
identify the second part of the duodenum being
surrounded by pancreatic tissue; at times a pan-
creatic duct segment is identified in the annular
portion (Fig. 9.4). In some patients this circum-
ferential duodenal narrowing is due mostly to
fibrotic tissue.

A cyst developing adjacent to the duodenum
in a patient with an annular pancreas and
repeated attacks of pancreatitis should suggest
a (pseudo)cyst.

Figure 9.1. Schematic configuration of dilated pancreatic ducts.
A: Drainage is via the duct of Wirsung. The minor papilla drains
only a small portion of the pancreas. B: Pancreas divisum. Most
of the pancreas is drained via the duct of Santorini (S). Insertion
of the common bile duct marks the major papilla and identifies
the duct of Wirsung (W). C: The ducts of Santorini and Wirsung
communicate freely but drain through their respective papillae.

A
B

C
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Ectopic Pancreas

Ectopic (heterotopic) pancreatic tissue is most
often found in the gastric antrum and proximal
duodenum, although it can be located anywhere
in the gastrointestinal tract, including a Meckel’s
diverticulum.

Inflammation does develop in ectopic pan-
creatic tissue (called cystic dystrophy of an
ectopic pancreas by some authors). If chronic,
fibrosis and bowel stenosis ensue. Acute pan-
creatitis and even a (pseudo)cyst have devel-
oped in an ectopic pancreas. Similarly, this
tissue is not immune to tumor formation; a car-

Figure 9.2. Pancreas divisum. A: Endoscopic retrograde cholangiopancreatography (ERCP) with contrast injection into the main
papilla outlines only a short,narrow caliber duct of Wirsung.Parenchymal contrast is evident.B: Computed tomography (CT) identifies
a dilated duct (arrow) not conforming to the usual course of the main pancreatic duct.

Figure 9.3. Duodenal stricture (arrow), believed to be second-
ary to pancreatitis in an annular pancreas.

Figure 9.4. Annular pancreas. After oral and IV contrast CT
shows the pancreas surrounding descending duodenum (arrow).

A B
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cinoma originated in ectopic pancreatic tissue
in the esophagus, and a papillary cystic neo-
plasm developed in ectopic pancreatic tissue in
the omentum.

Aberrant Duct Insertion
During embryonic development a network of
duct branches eventually fuses and forms a
primary channel. Aberrant fusion leads to a
number of duplication anomalies of the pan-
creatic ducts and results in one or more main
duct. This congenital anomaly is often associ-
ated with an apparent tumor on CT imaging.

The pancreatic duct can communicate with a
duodenal duplication or even involve aberrant
bile ducts and the patient presents with a peri-
ampullary cystic tumor; CT and ERCP are
helpful in defining the underlying anatomy and
planning surgery.

Cysts
Congenital cysts of the pancreas are either true
cysts or pseudocysts. Both are rare. They range
from solitary to multiple. True cysts are lined by
epithelium. These cysts in neonates tend to be
large and their clinical differential diagnosis
often includes renal, choledochal, mesenteric,
ovarian, and gastrointestinal origin cysts.

An increased prevalence of simple cysts is
found in patients with polycystic kidney
disease, tuberous sclerosis, and von Hippel-
Lindau disease. Incidentally detected multiple
pancreatic cysts, especially in a young patient
without pancreatic disease, should suggest one
of these entities. Patients with von Hippel-
Lindau disease are also prone to developing
cystic pancreatic neoplasms. In fact, in an occa-
sional patient pancreatic lesions are the only
abdominal manifestation of von Hippel-Lindau
disease.

Computed tomography or MR confirms a
cyst’s location and its relationship to pancreatic
parenchyma; imaging tends not to differentiate
among congenital cysts, a cystic neoplasm, and
other cystic lesion.

Precontrast CT of a lymphoepithelial cyst
revealed a heterogeneous water-density tumor,
with septa identified postcontrast (9); MRI
showed a hypointense mass on T1- and a hyper-

intense mass on T2-weighted imaging, with
septa identified on postgadolinium images.
Endoscopic US confirmed the presence of septa
and also detected fine hyperechoic structures
within the cyst. A cystic neoplasm was sus-
pected preoperatively.

Histiocytosis
Langerhans cell histiocytosis is the current term
for disorders previously known as histiocytosis
X. This is a rare disorder, with pancreatic
involvement being even rarer.

Hereditary Pancreatic Dysfunction
Pancreatic dysfunction due to an isolated
embryogenetic defect is rare. More often dys-
function is part of an inherited abnormality
manifesting at multiple sites. Cystic fibrosis is
an example of the latter. It is the most common
cause of hereditary pancreatic dysfunction.

Cystic Fibrosis

In this autosomal-recessive disorder obstruc-
tion of small and large pancreatic ducts by
thick, viscid secretions and surrounding
inflammation induces fibrosis and an eventual
atrophic pancreas. As a result, most patients
develop exocrine pancreatic insufficiency. Acute
pancreatitis is not common in cystic fibrosis
patients, with some authors postulating that
their pancreatic atrophy prevents a major
inflammatory response.

Pathologically, parenchymal atrophy, fibrosis,
and fatty infiltration are evident. In some
patients fatty infiltration predominates and the
pancreas appears enlarged; in others, atrophy
predominates with varying degrees of fatty
infiltration.

Calcifications are not common in chronic
pancreatitis secondary to cystic fibrosis. When
present, calcifications are scattered and not as
prominent as in hereditary pancreatitis. Cysts,
fatty replacement, and atrophy are detected with
imaging. Once small, the pancreas may have a
CT density approaching that of fat, similar 
to severe lipomatosis. Cysts are interspersed
with segments of dilated pancreatic ducts or
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they may essentially replace the pancreatic
parenchyma.

Computed tomography in adolescents and
adults with cystic fibrosis revealed less pancre-
atic tissue and more fat than in controls (10); no
relationship was found between the degree of
pancreatic fat and pancreatic endocrine dys-
function, but a relationship existed between the
degree of fatty replacement and exocrine 
dysfunction.

The varied composition is reflected in the US
appearance, which can range from normal to a
hyperechoic pattern caused by fibrosis and 
fatty infiltration. In some, the pancreas blends
into surrounding extraperitoneal fat and is
difficult to define. Likewise, smaller cysts are not
identified.

Magnetic resonance signal intensity varies
depending on the degree of fatty infiltration and
fibrosis present. Pancreatic T1-weighted MR in
patients with cystic fibrosis reveals hyperin-
tense signals ranging from homogeneous to a
lobular outline, focal sparing, and even a normal
appearance. Magnetic resonance cholangiopan-
creatography is useful in evaluating pancreatic
duct dilation and cyst formation.

Hereditary Pancreatitis

The rare hereditary (familial) pancreatitis even-
tually leads to pancreatic exocrine dysfunction.
It has an autosomal-dominant mode of inheri-
tance with variable penetrance, but tends to
affect only a few members of each family. This
genetic defect is believed to be due to mutations
in the trypsinogen gene leading to failure in
inactivating prematurely activated cationic
trypsin within acinar cells (11); two types 
are described: type I involves mutations in
trypsinogen R117H and type II in trypsinogen
N211. Accumulation of active trypsin mutants
are believed to activate a digestive enzyme
cascade process in pancreatic acinar cells,
leading to autodigestion, inflammation, and
acute pancreatitis. An enzymatic mutation
detection method is accurate in screening 
individuals for known trypsinogen gene 
mutations.

Two types of pancreatic stones develop in this
condition. Calculi in members of 10 families
were composed of degraded residues of
lithostathine, a pancreatic secretory protein
inhibiting calcium salt crystallization (12); in

one family with five affected individuals calculi
were composed of >95% calcium salts.

This condition typically develops in child-
hood or early adolescence as acute episodes of
pancreatitis, evolves into chronic pancreatitis,
and gradually progresses with episodes of pan-
creatitis, including pseudocyst formation, to
pancreatic insufficiency. An early diagnosis
prior to onset of chronic pancreatitis is often
not considered. Compared to patients with
chronic alcoholic pancreatitis, patients with
chronic hereditary pancreatitis have an earlier
onset of symptoms, a delay in diagnosis, and a
higher prevalence of pseudocysts, but otherwise
the natural history is similar for both condi-
tions. These patients are at increased risk for
developing a pancreatic duct adenocarcinoma,
the risk being approximately 50 to 60 times
greater than expected (13); smoking increases
this risk and lowers the age of onset by approx-
imately 20 years.

Prominent calcifications in the pancreatic
ducts are a common feature and appear similar
to those seen with chronic alcoholic pancreati-
tis, except that this finding is almost pathogno-
monic of chronic hereditary pancreatitis in a
young patient. A dilated pancreatic duct is also
often detected.

Hereditary pancreatitis has a different clini-
cal presentation and imaging findings, and
usually is not in the differential diagnosis with
cystic fibrosis.

Less Common Syndromes

The syndromes listed below are rare and have
little radiologic relevance, but are occasionally
raised in a differential diagnosis.

Shwachman-Diamond syndrome is a rare
congenital disorder consisting of pancreatic
insufficiency, growth retardation, and other
abnormalities. These patients have steatorrhea,
a normal sweat test, and normal intestinal
mucosa. Some eventually improve their enzyme
secretions and have pancreatic sufficiency.
Imaging shows extensive replacement of pan-
creatic tissue by fat.

Pearson marrow-pancreas syndrome mani-
fests during early infancy with failure to thrive
and involves the hematopoietic system, exocrine
pancreas dysfunction, and others. A primary
defect involves deletions in mitochondrial 
DNA.
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Johanson-Blizzard syndrome is an autoso-
mal-recessive syndrome consisting of ectoder-
mal dysplasia. Among other abnormalities,
these infants develop both exocrine and
endocrine pancreatic insufficiency. The primary
defect is in acinar cells; at autopsy some of these
infants have total absence of acini and the pan-
creas is replace by fat.

Histopathologically, patients with the 
Johanson-Blizzard syndrome and Schwachman-
Diamond syndrome have preserved ductular
output of fluid and electrolytes; this distin-
guishes them from patients with cystic fibrosis,
who have a primary ductular defect.

Multiple Endocrine Neoplasia
Syndromes
Multiple endocrine neoplasia (MEN) syn-
dromes are familial autosomal-dominant dis-
orders exhibiting incomplete penetrance and
variable expression and manifesting by an
increased incidence of various endocrine
hyperplasias or neoplasms. They consist of syn-
chronous or metachronous neoplastic and
hyperplastic neuroendocrine tumors in several
glands. These syndromes are usually divided
into three types:

Type I (Wermer’s syndrome) consists of
lesions in the pancreas, parathyroid,
adrenal cortex, pituitary, and thyroid. Some
gastric carcinoids also share a common
development with enteropancreatic and
parathyroid MEN-I tumors.

Type II (Sipple’s syndrome) consists of
lesions in the adrenal medulla, parathy-
roid, and thyroid.

Type III (multiple mucosal neuroma syn-
drome) consists of lesions in the adrenal
medulla, thyroid, mucosal tissues, and
bones.

Whether von Hippel-Lindau disease and
neurofibromatosis are part of multiple endo-
crine neoplasia syndromes is a matter of
classification.

The presence of pancreatic tumors in a
patient with MEN syndrome signifies type I.
The genetic defect for MEN-I appears to involve
a tumor suppressor gene located in the long arm
of chromosome 11. A majority of MEN-I indi-
viduals occur in familial clusters, with only an

occasional sporadic one reported. Affected
patients tend to have multiple organs involved,
multicentric tumors within one organ are
common, and complex hormone secretions are
encountered. MEN-I tumors have a low but not
insignificant malignant potential. Pancreatic
tumors tend to be multicentric and most are
hormone secreting, some being multihormonal;
in fact, in the same patient different tumors
often have different predominant hormonal
secretions. Most common tumors are a-cell
(glucagon) and b-cell (insulin) secretors. Less
common are PP-cell, gastrin, and vasoactive
intestinal peptide tumors. Concomitant nesid-
ioblastosis occurs in a minority of patients.
These tumors range from hyperplasia, adenoma
to a carcinoma.

The majority of MEN-I patients with
Zollinger-Ellison syndrome also have primary
hyperparathyroidism, 30% have pituitary ade-
nomas (about half are prolactinomas), 30%
have adrenal tumors, and a smaller minority
have bronchial and thymic carcinoids (14);
gastrinomas tend to be multiple and often are
duodenal in location. Hypercalcemia and
nephrocalcinosis are common initial clinical
presentations.

Because of multiplicity of tumors and their
malignant potential, management of MEN-I
patients with symptomatic pancreaticoduode-
nal tumors remains controversial. One aggres-
sive surgical approach in a setting of
hypergastrinemia and Zollinger-Ellison syn-
drome includes a duodenotomy, peripancreatic
lymph node dissection, enucleation of pancre-
atic head or uncinate tumors, and a distal pan-
createctomy (15); such an approach in MEN-I
patients with Zollinger-Ellison syndrome
resulted in 68% of patients remaining eugas-
trinemic during follow-up. The effect on sur-
vival of a Whipple resection is not clear.

Gastrinomas in MEN-I syndrome patients
tend to be duodenal in location and difficult to
locate with imaging. Some are detected only
during surgical exploration by palpation, intra-
operative endoscopy with transillumination, or
duodenotomy.

Multiple endocrine neoplasia type II is an
autosomal-dominant condition with the gene
abnormality located on chromosome 10, with
the responsible gene, called RET, being an onco-
gene. These patients are at sufficiently high risk
for medullary thyroid carcinoma at a young age



510

ADVANCED IMAGING OF THE ABDOMEN

that a thyroidectomy is considered once a diag-
nosis is confirmed.

One patient with MEN-II also had
Hirschsprung’s disease (16); aganglionosis
involved the distal 5 cm of the rectum. Whether
this association is fortuitous is not clear.

von Hippel-Lindau Disease
A relationship probably exists between pancre-
atic microcystic adenomas and von Hippel-
Lindau disease; VHL gene alterations are
detected in these tumors both in patients with
von Hippel-Lindau disease and in those with
sporadic microcystic adenomas. These patients
are at increased risk for pancreatic and adrenal
neuroendocrine tumors.A not uncommon pres-
entation is with large liver metastases.

Trauma
A note on definition: surgeons define distal pan-
creas as that part containing the tail of the pan-
creas, while proximal means pancreatic head.

A pancreatic injury classification scale,
devised by the American Association for the
Surgery of Trauma, is outlined in Table 9.1.
Other abdominal injuries are common in
patients with pancreatic trauma. The exception
is with bicycle handlebar injuries, which are a
common cause of mechanical pancreatic
trauma in children; these tend to produce iso-

lated pancreatic injury and often lead to
pseudocysts.

Both clinical and radiologic diagnosis of pan-
creatic injury is fraught with difficulty. Even in
a setting of major pancreatic injury, at times
initial physical findings are mild or masked by
other trauma. Both CT and ERCP are often nec-
essary to diagnose pancreatic fracture and duct
disruption (Fig. 9.5). The most common site 
for fracture is at the pancreatic head and neck
junction.

In many institutions CT is the imaging
modality of choice in suspected pancreatic
trauma. In both adults and children CT findings
of pancreatic trauma can be subtle. At times an
adjacent hematoma is the only suggestion of
pancreatic injury. A pancreatic laceration,
including complete transection, may not be
apparent initially with CT. Therefore, with a
strong suspicion for pancreatic injury and an
unremarkable initial CT, a follow-up study 12 to
24 hours later is often helpful.

A CT finding of fluid (peripancreatic blood)
separating the splenic artery or vein from pan-
creas suggests pancreatic injury. Still, such fluid
may also be present in the absence of any pan-
creatic injury, and thus additional CT findings
should be sought.

In general, CT cannot directly detect pancre-
atic duct injury, although a deep pancreatic lac-
eration suggests duct disruption. Endoscopic

Table 9.1. Surgical pancreatic injury scale

Grade* Type of injury

I Hematoma Minor contusion
Laceration Superficial laceration; no duct injury

II Hematoma Major contusion
Laceration Major laceration; no duct injury or 

tissue loss
III Laceration Distal transection or parenchymal 

injury with duct injury
IV Laceration Proximal transection or 

parenchymal injury involving
ampulla

V Laceration Massive pancreatic head disruption

* Advanced one grade for multiple injuries, up to grade III.
Source: Modified from Moore et al. (17).

Figure 9.5. Traumatic pancreatic rupture (arrow) in a 7–year-
old boy. (Courtesy of Algidas Basevicius, M.D., Kaunas Medical
University, Kaunas, Lithuania.)
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retrograde cholangiopancreatography is the
primary study in evaluating pancreatic duct
injury. Nevertheless, to better delineate pancre-
atic duct injury, one group of Japanese investi-
gators performed repeat CT shortly after
completing ERCP, believing that such an
approach confirms ERCP findings, detects
injuries not identified on ERCP, and excludes
injuries in patients with equivocal ERCP (18).

Magnetic resonance pancreatography can
detect complete main pancreatic duct disrup-
tion, although the literature on this topic is
sparse. Current MRCP application is primarily
in defining pancreatic ducts not evaluated with
ERCP.

Management of children admitted with a
diagnosis of pancreatic injury is individualized,
keeping in mind that, in the absence of clinical
deterioration or major duct injury, a more 
conservative therapeutic approach has evolved
than practiced previously. In children with 
pancreatic injury a primary consideration of
whether to operate or not often depends on 
the status of the pancreatic duct. Yet even with
duct injury the trend is toward more conserva-
tive therapy. Anecdotal reports suggest that
some transected pancreatic ducts recanalize
spontaneously.

Duct disruption in some patients, at times
involving a secondary or smaller duct, leads to
pseudocyst formation. Classic therapy for trau-
matic pancreatic pseudocysts is cystogastros-
tomy or distal pancreatectomy. Children with
pancreatic duct disruption and pseudocysts,
however, have had successful long-term cyst
catheter drainage (19).

Infection/Inflammation
Acute Pancreatitis
Classification

Acute pancreatic inflammation does not lend
itself to an easy classification. Since 1963, at least
four international symposia have debated this
subject and proposed classifications. Among the
changes adopted has been a shift in emphasis
from pancreatic necrosis to presence of organ
failure and inclusion of information obtained
from various imaging examinations (inciden-

tally, the terms pancreatic necrosis and necrotiz-
ing pancreatitis are used synonymously). Some
of the terminology has also been redefined.
There now is a distinction between an acute
fluid collection that occurs early in acute pan-
creatitis and often regresses spontaneously and
a pseudocyst that requires several weeks to form
and has a distinct wall. A pancreatic abscess is
defined as an intraabdominal collection of pus
near the pancreas that contains little if any
necrotic tissue. The term infected pseudocyst has
been deleted and this entity is now considered
a pancreatic abscess.

The terms hemorrhagic pancreatitis and
phlegmon have also been deleted, although the
wisdom in deleting the term phlegmon has been
questioned. The primary reason for deleting
phlegmon was its past imprecise usage. For
instance, some physicians interpret phlegmon
to mean a sterile process while others place it in
the infectious category. Nevertheless, the vague-
ness of this term is useful during initial evalua-
tion of acute pancreatitis prior to imaging
studies; contrast-enhanced CT can then sub-
divide a phlegmon into interstitial versus 
necrotizing pancreatitis, while percutaneous
aspiration can establish a sterile versus infected
collection of fluid. It remains to be seen whether
phlegmon will continue to be used in a setting
of acute pancreatitis.

Etiology

Congenital Anomaly

Aberrant pancreaticobiliary duct insertions are
associated with recurrent pancreatitis. Thus a
pancreatic duct inserting into a communicating
duodenal duplication or diverticulum and
cystic duct insertion close to the ampulla have
resulted in pancreatitis. Even a communicating
duplication results in stasis, and, in time, calculi
form within a duplication. The rare intralumi-
nal duodenal diverticulum is also associated
with acute pancreatitis.

Some patients with pancreas divisum develop
pancreatitis; therapeutic options in this clinical
setting are discussed in the Congenital Abnor-
malities section.

In the absence of more common etiologies for
pancreatitis, especially in a younger patient,
aberrant pancreaticobiliary duct communica-
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tions and termination should be sought. An
MRCP should detect any major duct anomalies
and related fluid-filled structures suggesting a
duplication. The inability to cannulate the main
papilla during ERCP should prompt efforts to
cannulate the duct of Santorini.

Bile Duct Related

Acute biliary pancreatitis appears to be more
severe; more complications develop and mor-
tality is greater in patients who have an intact
gallbladder compared to those who had a pre-
vious cholecystectomy.

Choledocholithiasis is a common cause of
acute pancreatitis. Although not common, gall-
stone pancreatitis does occur during pregnancy.
Presumably a stone impacts at the ampulla of
Vater, but most of these obstructions are tran-
sient and the stone passes into the duodenum.
About 40% of gallstone pancreatitis recurs
within 6 months, with recurrence often associ-
ated with stones in the gallbladder, and thus the
rationale for performing cholecystectomy once
pancreatitis is quiescent.

Clinically it is difficult to differentiate
between gallstone- and non–gallstone-
associated acute pancreatitis. One useful labo-
ratory test is alanine aminotransferase (ALT)
level; a greater than threefold elevation above
normal has a strong positive predictive value for
acute gallstone pancreatitis.

Admission plasma cholecystokinin levels in
patients with gallstone pancreatitis are
significantly higher than in patients with other
causes of acute pancreatitis (20), although
cholecystokinin levels do not correlate with
serum bilirubin or pancreatic enzyme levels or
severity of acute pancreatitis. Plasma cholecys-
tokinin elevation in gallstone pancreatitis
appears to be a result of a transient bile flow dis-
turbance by stones or duct wall edema.

Hemobilia, regardless of cause, is associated
with acute pancreatitis.

Anecdotal etiologies of acute pancreatitis
include a bile duct suture or clip acting as a
nidus, debris from a hepatocellular carcinoma
rupturing into the bile ducts, and associations
with primary sclerosing cholangitis and duode-
nal Crohn’s disease. A patient with familial ade-
nomatous polyposis with adenomas in the
common bile duct developed relapsing acute
pancreatitis (21).

Ethanol

Ethanol ingestion is the most common cause of
acute pancreatitis in the United States.

Endoscopic Retrograde
Cholangiopancreatography Induced

Endoscopic retrograde cholangiopancreatogra-
phy is a not uncommon cause of subclinical or
mild pancreatitis. Of more importance is that
ERCP is an occasional precursor to acute necro-
tizing pancreatitis, especially if a sphinctero-
tomy is performed. Among 72 consecutive
patients with acute necrotizing pancreatitis
requiring surgery at the Mayo Clinic, ERCP was
implicated in 8% (22); of note is that on admis-
sion these post-ERCP patients had higher Acute
Physiology and Chronic Health Evaluation
(APACHE II) scores, more extensive pancreatic
necrosis, and a higher rate of infected necrosis,
and they required earlier necrosectomy and
developed more enteric fistulas than similar
non–ERCP-induced acute necrotizing pancre-
atitis patients. These post-ERCP patients had a
lower mortality rate, but they were significantly
younger; nevertheless, all survivors suffered
long-term morbidity. The authors postulated
that infection introduced during ERCP may
account for some of the increased severity of
pancreatitis in these patients.

A relationship appears to exist between
common bile duct diameter and the subsequent
risk of sphincterotomy-induced pancreatitis,
with pancreatitis developing more often in
patients with a nondilated bile duct.

Infection

Infectious organisms linked to pancreatitis
include viral (mumps, measles, Coxsackie, hep-
atitis B, cytomegalovirus, varicella-zoster virus,
herpes simplex virus), bacterial (mycoplasma,
legionella, leptospira, salmonella), fungal
(aspergillosis), and occasional parasitic infesta-
tions (toxoplasmosis, cryptosporidiosis, ascari-
asis) (23). Even a scorpion bite has been
implicated. Acute fatal necrotizing pancreatitis
has developed after liver transplantation for ful-
minant hepatitis B virus infection, presumably
due to the hepatitis B virus.

An ascaris roundworm migrating into the
pancreatic duct after sphincterotomy and pan-



513

PANCREAS

creatic stent placement led to acute pancreatitis
(24). These worms can be removed with a
Dormia basket.

Intrabiliary rupture of a hydatid cyst and the
subsequent spill of cyst contents into the bile
ducts is a cause of acute pancreatitis; CT and US
identify both the liver infection and bile duct
debris.

Neoplasm

Pancreatic carcinomas are commonly associ-
ated with surrounding pancreatitis, although
symptoms related to the cancer tend to 
predominate.

An occasional papilla of Vater carcinoid or a
pancreatic islet cell tumor produces a pancre-
atic duct stricture and a clinical picture consis-
tent with acute pancreatitis.

Drug Related

Steroids, diuretics, some antibiotics, and even
cimetidine are some of the medications impli-
cated in acute pancreatitis. Yet drug-associated
pancreatitis is uncommon. Organophosphate
insecticide toxicity is a rare cause of pancreati-
tis. Intranasal snorted heroin is associated with
pancreatitis (25).

Vascular

Pancreatic ischemia is not common but does
result in pancreatitis. Thus patients undergoing
thoracoabdominal aortic aneurysm repair and
descending thoracic aorta cross-clamping are
subject to pancreatic ischemia and pancreatitis.

Cholesterol crystal embolization to the pan-
creas has led to necrotizing pancreatitis. Such
embolization probably is more common than
reported in patients with atherosclerotic vascu-
lar disease.

Other Etiologies

Rarer conditions associated with pancreatitis
include the vasculitides, hyperlipidemia, ulcera-
tive colitis, chronic renal failure, a peri-Vaterian
diverticulum or neoplasm, and even a chole-
dochal cyst. Acute pancreatitis in long-distance
runners is more common in women. A rare
cause of acute pancreatitis is pancreatic volvu-
lus associated with a hiatal hernia (26).A patient

with duodenal obstruction distal to the papilla
occasionally presents with acute pancreatitis;
more distal small bowel obstruction is not asso-
ciated with pancreatitis. Thus an obstructing
duodenal carcinoma distal to the papilla of
Vater or even an afferent loop obstruction after
a gastrectomy and Billroth II gastrojejunostomy
has led to acute pancreatitis. Hypercalcemia due
to hyperparathyroidism is a known cause of
acute pancreatitis. Hypercalcemia secondary to
a malignancy, on the other hand, seldom causes
acute pancreatitis.

Clinical

Acute injury to the exocrine pancreas and
resultant inflammation is the hallmark of acute
pancreatitis. Usually the entire pancreas is
involved. The pancreas becomes edematous and
inflamed, with these changes then spreading to
surrounding structures. Pancreatic enzyme
release leads to tissue necrosis and hemorrhage.
Pancreatic ascites is uncommon in necrotizing
pancreatitis.

Typical clinical findings of acute pancreatitis
are well known, but unusual presentations
abound. At times acute pancreatitis initially is
painless, with the patient presenting in shock or
coma. Pancreatitis can mask an underlying pan-
creatic carcinoma. A patient with acute pancre-
atitis presented with symptoms referable to the
scrotum (27); surgical exploration revealed fat
necrosis of tunica vaginalis and spermatic cord.

A biliary etiology is most common in patients
over the age of 65 years developing acute pan-
creatitis, and it is more likely to be necrotizing.
Age in itself is not a risk factor for complica-
tions, but a relationship exists between coexis-
tent diseases such as hypertension, diabetes, and
renal failure and subsequent complications.
Overall mortality is greater in the elderly.

Encephalopathy due to liver disease is well
known. Less commonly encountered is
encephalopathy associated with acute 
pancreatitis.

Traditional laboratory tests of acute pancre-
atitis consist of serum amylase and lipase levels.
These enzyme levels do not correlate with
disease severity and in some patients with acute
pancreatitis are normal; a better test appears to
be serum phospholipase A2 activity, which cor-
relates with the severity of acute pancreatitis
and remains high during the severe episode
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(28). In patients with acute pancreatitis, endo-
toxin in blood and peritoneal fluid is related to
subsequent morbidity and mortality, suggest-
ing that the presence of endotoxin identifies
patients at high risk early in the course of acute
pancreatitis (29). C-reactive protein level is a
relatively accurate predictor of pancreatic
necrosis.

Clinically, differential diagnoses for acute
pancreatitis include bowel ischemia, perforated
ulcer, and other intraabdominal catastrophes.
Acute pancreatitis can be a difficult diagnosis,
especially in a postoperative patient who
becomes jaundiced, and more common etiolo-
gies for jaundice are generally considered 
(Fig. 9.6).

Imaging

Serial imaging is useful not only to follow
disease progression, but also to detect compli-
cations. Once a diagnosis of acute pancreatitis is
established, among other questions, imaging
should address the following:

1. Is the etiology due to gallstone disease or
aberrant ducts?

2. Is the disease evolving into pancreatic
necrosis?

3. Is infection superimposed on pancreatic
necrosis?

4. Are other sequelae developing, such as a
pseudocyst?

The answers to these questions influence not
only further diagnostic testing but also the
choice of therapeutic modalities to be
employed.

Although pancreatic necrosis can be sus-
pected clinically, it is better identified by imag-
ing and, at times, at surgery. Superimposed
infection of necrotic tissue can also be sus-
pected clinically, but the diagnosis is confirmed
by imaging-guided percutaneous aspiration and
bacteriologic sampling.

Imaging studies tend to be normal in mild
pancreatitis. Generally the first abnormal
finding is diffuse pancreatic enlargement. When
focal, the pancreatic head is most often
involved. The pancreatic outline becomes irreg-
ular. Further progression leads to necrosis, hem-
orrhage, and peripancreatic fluid.

Gas within the pancreas is not common in
pancreatitis. Rarely, gas is seen in both pancre-
atic parenchyma and ducts. In general, intra-
pancreatic gas suggests an underlying abscess.
Nevertheless, pancreatic and peripancreatic gas
is found in other conditions, such as after recent
laparoscopic cholecystectomy.

Pleural effusion is not an early sign of
pancreatitis; generally clinical or other CT
findings of severe pancreatitis occur first. The
presence of a pleural effusion on admission is
indicative of severe disease and has a negative
prognostic value. Likewise, pancreatic necrosis
is more common in patients with pulmonary
infiltrates, and these patients also have a higher
mortality rate.

Acute exacerbation in a setting of chronic
pancreatitis may have few imaging findings. At
times the presence of peripancreatic inflamma-
tion is the only finding in a patient with 
clinically severe acute exacerbation, although
superimposed changes of chronic pancreatitis
are often found.

Computed Tomography

Does administration of IV contrast media, such
as during CT, worsen the outcome in acute pan-

Figure 9.6. Jaundice due to pancreatitis after laparoscopic
cholecystectomy. Postoperative ERCP was unsuccessful. Percuta-
neous transhepatic cholangiography reveals marked duct
dilatation to the level of the superior pancreatic margin. Only a
thin channel is evident in the intrapancreatic portion of the
common bile duct (arrow). (Courtesy of David Waldman, M.D.,
University of Rochester.)
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creatitis? Using comparable clinical scores at
initial diagnosis, studies tend to show that clin-
ical pancreatitis lasts longer in patients who
receive contrast as part of a CT study than those
who do not, yet most of these studies are retro-
spective and thus have an inherent bias.

In general, CT provides better detection of
peripancreatic inflammation, hemorrhage, and
abscesses than US. Dynamic CT aids in defining
the extent of necrosis.

The earliest CT finding is diffuse pancreatic
enlargement; less often detected is focal
enlargement. Computed tomography findings
do not always correlate with clinical impression,
and even with acute edematous pancreatitis CT
can be normal. Also, imaging findings tend to
lag behind clinical resolution, especially with
phlegmonous pancreatitis when imaging
findings can persist for months.

Inflammation evolves into an inflammatory
mass, or phlegmon, which upon further damage
results in pancreatic necrosis (Fig. 9.7). A

phlegmon usually has a higher CT attenuation
than water and is heterogeneous in appearance
due to contained blood and debris. Most phleg-
mons exhibit poor contrast enhancement.
Nonenhancing pancreatic tissue on CT is
assumed to represent pancreatic necrosis (i.e.,
dead tissue). Nevertheless, not all nonenhancing
tissue represents necrosis. At times follow-up
CT reveals enhancement, indicative of viable
tissue, in a region that previously did not
enhance.

Surrounding tissue inflammation is common
and is identified as a hazy peripancreatic thick-
ening of fascial planes. Peripancreatic fat
increases in attenuation, and these tissues reveal
increased contrast enhancement. Extrapancre-
atic fluid collections develop with progression
in severity, with fluid dissecting along tissue
planes to the transverse colon, mesentery, or
even spleen and left kidney. Often this fluid 
is not well defined, has low attenuation, tends 
to be poorly marginated, and consists of

Figure 9.7. Examples of necrotizing pancreatitis. A: CT reveals
mild contrast enhancement in the pancreatic head and essentially
no enhancement in the body and tail. Fluid surrounds these struc-
tures. Pancreatitis resolved only after 8 months. B: CT reveals little
enhancement in the pancreatic head and body but mild enhance-
ment in the tail, reflecting extensive necrosis. The portal vein is
thrombosed. A nephrogram is evident in the kidneys but no con-
trast excretion was identified. Vicarious contrast excretion has
occurred in the gallbladder. (Courtesy of Patrick Fultz, M.D.,
University of Rochester.) C: The pancreas in another patient is
replaced by a large soft tissue tumor containing gas (arrows).
Ascites is also present. (Courtesy of Algidas Basevicius, M.D.,
Kaunas Medical University, Kaunas, Lithuania.)

A B

C
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extravasated pancreatic secretions, fat necrosis,
edema, and hemorrhage. Colonic wall thicken-
ing, often first detected by CT, implies an
advanced severity and increased risk for a com-
plicated clinical course (30).

In patients with obliterated perivascular fat
planes, a ratio of superior mesenteric artery
diameter to superior mesenteric vein diameter
is useful in differentiating pancreatitis from
pancreatic carcinoma (31); a ratio greater than
1.0 suggests a malignancy.

At times pancreatitis extends to the anterior
abdominal wall (Cullen’s sign) or flank (Grey
Turner’s sign). Computed tomography findings
show that anterior periumbilical extension is
not directly related to extensive extraperitoneal
inflammation, nor is it related to pseudocyst
formation.

Ultrasonography

The role of conventional US in acute pancreati-
tis is limited. In most patients US can differen-
tiate mild or edematous acute pancreatitis from
severe or necrotizing pancreatitis. One estab-
lished role of US is to detect whether gallstones
are present.

In uncomplicated acute pancreatitis endo-
scopic US often (but not always) shows an
enlarged pancreas; the pancreas has either
normal echogenicity or is diffusely hypoechoic.
Necrotizing pancreatitis presents as a focal
hypoechoic tumor with or without interspersed
echogenic regions. Endoscopic US can usually
differentiate between edematous and necrotiz-
ing pancreatitis and will detect peripancreatic
fluid, although in some patients it is difficult to
detect progression to necrosis using only US 
criteria.

If needed, US provides guidance for percuta-
neous interventional procedures.

Magnetic Resonance Imaging

Whether conventional MRI offers any advantage
over CT in a setting of acute pancreatitis is
debatable. Viable pancreatic tissue can usually
be distinguishing from necrosis with either
modality. Gas and calcifications are better seen
with CT.

In uncomplicated pancreatitis MRI shows a
normal or diffusely enlarged pancreas. With
more severe involvement the pancreas becomes

hypointense on fat-suppressed T1-weighted
images and is hypointense to normal liver.
Decreased enhancement is evident on immedi-
ate postgadolinium images. Similar to CT,
nonenhancing pancreatic tissue is assumed to
represent pancreatic necrosis.

Magnetic resonance cholangiopancreatogra-
phy is useful for the initial assessment of acute
pancreatitis and offers a viable alternative to
diagnostic ERCP in these sick patients; thera-
peutic ERCP can then be performed in those
with a correctable abnormality detected by
MRCP.

An MRCP is especially valuable in children
with acute pancreatitis. Necrosis, pseudocysts,
common bile duct dilation, and anomalous pan-
creaticobiliary ducts can be detected.

Scintigraphy

Leukocyte infiltration of the pancreas is
detected by technetium-99m (Tc-99m)–
hexamethylpropyleneamine oxime (hexametaz-
ime) (HMPAO) leukocyte scintigraphy. In 
early acute pancreatitis, positive leukocyte
scintigraphy suggests a severe course, but the
test is also occasionally positive in mild acute
pancreatitis. Later in the course of acute pan-
creatitis, positive Tc-99m-HMPAO leukocyte
scintigraphy suggests a superimposed infection,
but here also a positive test is not synonymous 
with infection and is also found with milder
inflammation.

Therapy

In Japan, infusion of protease inhibitors is one
therapeutic modality used in acute pancreatitis
(32); it is not often employed in Europe or North
America.

Gallstone Pancreatitis

The evidence suggests that morbidity and mor-
tality are decreased in patients with gallstone
pancreatitis if ERCP with stone extraction is
performed early in the course. An ERCP not
only confirms the diagnosis, but also sphinc-
terotomy and, if possible, extraction of any
incriminating stones can be performed. This is
a controversial topic; acute pancreatitis can be
exacerbated by ERCP. Injection of contrast into
the pancreatic duct in experimental animals
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makes acute pancreatitis worse; whether 
such data can be extrapolated to humans is
unknown.

Currently a laparoscopic surgical approach is
preferred but timing is controversial. Patients
with mild gallstone pancreatitis can safely
undergo an operation within the first week or
so, but early surgery in severe biliary pancreati-
tis is associated with increased mortality and
morbidity. On the other hand, a prolonged time
interval between onset of biliary pancreatitis
and subsequent surgery risks a recurrence of
pancreatitis.

A prophylactic sphincterotomy can be 
performed as an alternative to cholecystec-
tomy in patients with gallstone pancreatitis 
who are at increased surgical risk, such as 
with severe cardiopulmonary, hepatic, and renal
disease. Sphincterotomy decreases the risk of
a new episode of acute pancreatitis, although 
a cholecystectomy is eventually performed 
in most patients with gallstone-induced 
pancreatitis.

Necrotizing Pancreatitis

Necrotizing pancreatitis can be defined as
necrosis of pancreatic glandular tissue, sur-
rounding fat, interstitial tissue, and associated
with regions of hemorrhage. Pancreatitis due to
almost any etiology can evolve into pancreatic
necrosis, although in many centers pancreatitis
due to a biliary etiology predominates.

Infection of necrotic pancreatic tissue is gen-
erally considered an indication for surgical
debridement. Infection is most often bacterial,
especially coliform in origin, but an occasional
fungal infection is encountered. Mortality in
severe infected pancreatic necrosis is often due
to multiorgan failure.

A fluid collection can be defined as not drain-
able if imaging identifies solid necrotic debris
>1 cm in diameter. In general, MRI appears to
predict drainability better than CT or US.

Endoscopic drainage therapy is feasible in
patients with extensive pancreatic necrosis.
Resolution can be achieved nonoperatively in
some patients by endoscopic drainage via stents
and the placement of an intrapancreatic naso-
biliary lavage catheter.

Another option is CT- or US-guided percuta-
neous catheter drainage and transcatheter
debridement of infected pancreatic necrosis as

the primary means of therapy. Debris is
removed during multiple sessions using a com-
bination of large-bore suction catheters, stone
baskets, and large amounts of lavage fluid.
Results of such drainage are mixed.

Surgeons continue to debate the merits of
early versus delayed surgery in severe necro-
tizing pancreatitis. Some studies suggest no dif-
ference in mortality rates between early and
delayed surgery (33), but other find delayed
necrosectomy superior.

Major hemorrhage is a complication after
surgical management of pancreatic necrosis;
most often such bleeding is controlled surgi-
cally, although in selected patients angiographic
therapy is useful.

Prognosis

Several studies have found no differences in
clinical course and outcome when patients with
acute pancreatitis are subdivided by etiology
into the categories (1) alcohol, (2) gallstones,
and (3) other, except that pancreatic pseudo-
cysts develop significantly more often in alco-
holics than in patients with other etiologies.
Another exception to the above is with ERCP-
induced acute pancreatitis (see Endoscopic Ret-
rograde Cholangiopancreatography Induced,
above). Tissue necrosis and pancreatic failure
determine the mortality and morbidity of acute
pancreatitis. The overall mortality rate in
patients with acute necrotizing pancreatitis
increases in those with infection (33).

A number of indexes have been developed 
to predict the severity and outcome of acute
pancreatitis. Clinically, the severity of acute
pancreatitis is evaluated using the Ranson prog-
nostic factors, Glasgow, or Hong Kong criteria or
the APACHE II score, while imaging relies on
contrast-enhanced CT criteria or the Hill
classification.

A consecutive series of patients with acute
pancreatitis was used to predict the severity
acute pancreatitis; the Hong Kong criteria
achieved a sensitivity of 52% and specificity of
80%, the Ranson criteria values were 79% and
56%, and the Glasgow score was 83% and 60%,
but the best prediction was provided by the
APACHE II score (24 hours postadmission),
with a sensitivity of 79% and specificity of 82%
(34). While a correlation exists between clinical
and imaging classifications at the two extremes
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of disease, in general the clinical APACHE II
score and contrast-enhanced CT criteria do not
yield similar results in many of these patients;
the APACHE II score appears superior to CT cri-
teria as an indicator of disease severity.

The overall mortality in patients with severe
acute pancreatitis is almost 50%.

Focal Pancreatitis
At times acute pancreatitis involves only a
portion of the pancreas, with such focal pan-
creatitis then evolving into chronic changes
limited to a segment of the pancreas. A separate
description here of focal pancreatitis is not
meant to imply that it is a separate disease
entity; rather, its importance lies in its mimicry
of pancreatic cancer.

An annular pancreas, with pancreatitis
limited to the annular portion, has already been
discussed. Some descending duodenal stenoses
are secondary to focal pancreatitis in the
annular segment.

A history of acute or chronic pancreatitis is
often lacking in those with focal pancreatitis.
Most often focal pancreatitis involves the pan-
creatic head. Computed tomography shows
focal pancreatitis to be hypodense and US
reveals hypoechoic tumors. It tends to be hyper-
vascular at angiography.

Groove Pancreatitis

One form of segmental chronic pancreatitis is
called “groove pancreatitis.” The groove is
located between the pancreatic head, the duo-
denum, and the common bile duct. Why focal
pancreatitis should develop preferentially in
this location is puzzling, although this region of
the pancreas is drained by the duct of Santorini,
and obstruction of this duct or aberrant ducts
may play a role. Relation of this entity to focal
annular pancreatitis is conjecture.

A typical appearance is a tumor simulating a
pancreatic head carcinoma; differentiation
between the two entities is difficult at best, and
some of these patients undergo resection. Some
develop a duodenal stricture.

Magnetic resonance imaging in five patients
revealed a sheet-like tumor between the pan-
creatic head and duodenum (35); these tumors
were hypointense relative to the pancreas on T1-

and iso- to slightly hyperintense on T2-weighted
images and had delayed contrast enhancement.
Histology revealed fibrosis.

Inflammatory Pseudotumor

A number of pancreatic inflammatory pseudo-
tumors have been described. Whether these
should be considered a type of focal pancreati-
tis or as a separate entity is not clear.

Computed tomography detects an inflamma-
tory pseudotumor of the pancreas simply as a
large tumor; histology shows a mixed infiltrate
of spindle cells, lymphocytes, histiocytes, and
plasma cells.

Chronic Pancreatitis
Even repeat bouts of acute pancreatitis do not
necessarily lead to chronic pancreatitis. In fact,
clinical evidence suggests that chronic pancre-
atitis is a de novo condition and that acute and
chronic pancreatitis should be considered 
separate diseases.

The most common cause of chronic pancre-
atitis in North America and Europe is alcohol
related.

Classification

No universally acceptable classification of
chronic pancreatitis exists. The diagnostic crite-
ria of chronic pancreatitis using ERCP criteria
were proposed by the Japan Pancreas Society in
1995 and are used by some. The Marseilles
classification defines chronic pancreatitis as
continued inflammation of the pancreas associ-
ated with irreversible damage. The pancreas
may be involved focally or diffusely, and there is
loss of both exocrine and endocrine function.
Abdominal pain is a constant feature in the vast 
majority of patients.

Etiology

Many of the etiologies causing acute pancreati-
tis are also responsible for chronic pancreatitis.
Nevertheless, some conditions lead primarily to
chronic inflammation (Table 9.2). Aside from
cystic fibrosis and hereditary pancreatitis (see
Congenital Abnormalities), chronic pancreatitis
is rare in children and adolescents. Some fami-
lies with familial hyperlipidemia, cystic fibrosis,
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and hyperparathyroidism have a higher than
normal prevalence of chronic pancreatitis. a1-
Antitrypsin deficiency is typically associated
with pulmonary disease; in rare instances it may
be associated with chronic pancreatitis.

Chronic pancreatitis has been associated with
ulcerative colitis; the several reported patients
suggest a possible nonfortuitous relationship
between these two entities. The prevalence of
chronic pancreatitis is low in primary scleros-
ing cholangitis, and the occasional synchronous
finding is probably by chance. Some cirrhotic
patients have ERCP findings consistent with
chronic pancreatitis. These changes are found
even in nonalcoholic cirrhotic patients.

Clinical

Idiopathic Fibrosing (Autoimmune)

A syndrome of idiopathic fibrosing pancreatitis,
also called chronic relapsing pancreatitis of
childhood, is a rare form of chronic pancreati-
tis, often developing in children and young
adults. Etiology is unknown, although an

autoimmune basis is postulated. Its relationship
to autoimmune hepatitis, a well-established
entity, is not clear.

Pain is a common feature. These patients have
developed obstructive jaundice, but pancreatic
insufficiency is not a prominent feature in this
entity.

A curious form of chronic pancreatitis is cen-
tered on the pancreatic ducts, called autoim-
mune pancreatitis, sclerotic pancreatitis and
lymphoplasmacytic pancreatitis. Whether these
represent the same entity is conjecture. Imaging
reveals either a focal pancreatic tumor or the
entire pancreas is enlarged and is hypoechoic
with US. Pancreatography in patients with
autoimmune pancreatitis reveals an irregular
and narrowed main pancreatic duct; some
patients develop pancreatic duct obstruction.
Neither pancreatic duct dilation nor
calcifications develop (36). A focal pancreatic
tumor, often with pancreatic duct obstruction,
is not an uncommon presentation, and surgery
for suspected pancreatic cancer is performed.
Retroperitoneal fibrosis develops in an occa-
sional patient (37). Resection, often for sus-
pected pancreatic cancer, reveals pancreatic
fibrosis and, at times, an eosinophilic infiltrate.
Fibrosis, of course, is not limited to this condi-
tion and is common in chronic calcifying pan-
creatitis. Disease often recurs in the remnant
pancreas. Their pancreatitis tends to respond to
steroid therapy.

An autoimmune mechanism appears to be
involved in Sjögren’s syndrome, and the first
sign of Sjögren’s syndrome can be evidence of
chronic pancreatitis. A not untypical scenario is
the patient with a narrowed distal common bile
duct believed to be neoplastic in origin, but
resection reveals inflammation and fibrosis.

Chronic Obstructive

Duct obstruction with little or no evidence 
of stones is classified an a separate etiology 
for chronic pancreatitis. Yet this term is also 
a descriptive one representing a stage in evolu-
tion of chronic pancreatitis due to a number of
etiologies, including secondary to inflammation
of sphincter of Oddi, acute pancreatitis, or 
even a malignant tumor. Some patients diag-
nosed with chronic obstructive pancreatitis do
develop ductal stones and, similarly, of those
with chronic calcifying pancreatitis not all 

Table 9.2. Conditions associated with chronic pancreatitis

Mostly in young patients
Hereditary (familial) pancreatitis
a1-Antitrypsin deficiency
Familial hyperlipidemia
Cystic fibrosis
Familial hyperparathyroidism
Congenital syphilis
Idiopathic fibrosing pancreatitis of childhood

Chronic calcific pancreatitis

Tropical calcific pancreatitis

Pancreatitis in severe protein malnutrition

Infection
Viral
Tuberculous pancreatitis
Amebic pancreatitis
Schistosomiasis

Autoimmune pancreatitis
Idiopathic
Associated with Sjögren’s syndrome

Associated with sarcoidosis

Sequelae of pancreatic trauma

Associated with ulcerative colitis
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have calcifications throughout their disease
course.

Chronic Calcifying

Chronic calcifying pancreatitis is most often
associated with chronic alcohol consumption;
gallstone pancreatitis rarely progresses to calci-
fying pancreatitis. An exception to this is a
young patient with gallstone pancreatitis and
pseudocysts who eventually develops pancre-
atic calcification; superimposed hereditary pan-
creatitis may play a role in some of these
patients.

The presence of pancreas divisum does not
change the course of chronic calcifying pancre-
atitis; in these patients pancreatitis may involve
only the ventral segment, only the dorsal
segment, or occur throughout the pancreas; in
about half of these patients detected abnormal-
ities are segmental.

Tropical Calcific

Tropical calcific pancreatitis generally starts in
childhood. The etiology is not known, although
these patients tend to have underlying nutri-
tional deficiencies.

Tuberculous

Isolated tuberculous pancreatitis or a pan-
creatic abscess are rare. This entity is more 
often seen in association with lung tuberculosis.

Peripancreatic and mesenteric lymph nodes
are often also enlarged, bowel wall is thickened,
and ascites is present. Some patients have
hepatosplenic involvement and splenic vein
thrombosis. Tuberculous pancreatitis presents
as a pancreatic tumor, at times containing cystic
components, and tends to mimic a primary pan-
creatic neoplasm, including an appearance 
of vascular invasion. Some patients undergo
laparotomy for suspected cancer. Attempted
resection risks formation of a pancreatic fistula
and miliary peritoneal dissemination.

Focal tuberculomas are hypodense on CT. US
shows inhomogeneous hypoechoic tumors
within the pancreas.A cystic component may be
evident. Endoscopic US is often compatible with
a cystic pancreatic neoplasm.

Even ERCP reveals a stricture, and pancreatic
duct displacement can mimic a neoplasm.

Other Etiologies

Eosinophilic pancreatitis is a rare entity of
unknown etiology. It mimics a pancreatic 
neoplasm. An 18-year-old man presented 
with obstructive jaundice, epigastric pain, and
weight loss, endoscopic US detected a small
round, hypoechoic tumor in the head of the
pancreas, an endocrine tumor was suspected,
and a duodenopancreatectomy performed (38).
An ERP in another man with weight loss and
obstructive jaundice identified a narrow,
smooth main pancreatic duct and a tight
common bile duct stenosis (38). Both patients
were eventually diagnosed with eosinophilic
pancreatitis.

Hydatid disease of the liver as a cause of pan-
creatitis has been mentioned above (see Acute
Pancreatitis). Direct pancreatic involvement is
rare. These cystic lesions tend to be misdiag-
nosed as pseudocysts and ascribed to pancre-
atitis or trauma. About half of the cysts occur in
the head of the pancreas, a somewhat uncom-
mon location for pseudocysts. Calcifications
may develop.

Pancreatic inflammation and fibrosis develop
in congenital syphilis.

In the Middle East, schistosomiasis (due to
Schistosoma mansoni and Schistosoma haema-
tobium) leads not only to hepatobiliary but also
to pancreatic calcifications.

A hydatid cyst in the head of the pancreas can
result in obstructive jaundice.

Malignant Potential

Although pancreatic cancer is often associated
with surrounding pancreatitis, the risk of carci-
noma developing in a setting of chronic pan-
creatitis is not known. Histology in patients
with advanced chronic pancreatitis revealed
duct epithelial hyperplasia in 31%, focal squa-
mous metaplasia in 21%, cellular dysplasia in
8%, and dysplastic acinar nodules in 21% (39);
overall, extensive pancreatic fibrosis was asso-
ciated with epithelial anomalies in 66% of
patients.

Pathology

Acinar atrophy, acinar dilation, and intralobular
fibrosis are typical histologic findings, although
a diagnosis of chronic pancreatitis is not always
straightforward, even for pathologists.
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Autopsies in patients with chronic alcohol
abuse reveal two distinct pathologic patterns of
fibrosis: either perilobular or intralobular, sug-
gesting different etiologic factors (40). The per-
ilobular type is irregular, occasionally patchy,
and when advanced extended into intralobular
regions to the point of completely replacing
pancreatic tissue by fibrosis. Intralobular
fibrosis, on the other hand, is uniform in distri-
bution. Such ancillary findings as protein plugs,
pancreatic duct hyperplasia and stones, exten-
sive intra- and peripancreatic fibrosis, splenic
vein and bile duct involvement, and pseudocyst
formation are more common with perilobular
fibrosis.Associated liver cirrhosis is greater with
intralobular fibrosis.

Imaging

The imaging differential of chronic pancreatitis
includes changes found in the elderly; one
should keep in mind that some degree of
pancreatic atrophy and scaring and dilation 
of pancreatic ducts occur in elderly patients
with no previous history of pancreatitis. Also,
residual duct scarring after a bout of severe
acute pancreatitis is not a sign of chronic 
pancreatitis.

In a setting of chronic pancreatitis the gland
atrophies, pancreatic ducts dilate, and stasis of
pancreatic secretions occurs, even without
obstruction. The etiology for such stasis and
duct dilation is incompletely understood, but
includes chronic duct wall inflammation, dila-
tion of capillaries, and loss of duct epithelium;
duct obstruction results in reflux of luminal
content into extracellular space. A tortuous and
beaded duct appearance is common.

Endoscopic US is considerably more sensitive
than abdominal US in diagnosing chronic pan-
creatitis. Sensitivity for ERCP is only about 75%,
but specificity approaches 100%. Whether CT or
MRI is more sensitive in detecting early changes
of chronic pancreatitis is arguable; CT detects
subtle calcifications better, but MRI is better at
identifying fibrosis.

Computed Tomography

A CT finding of focal pancreatic enlargement
often raises the possibility of a pancreatic
malignancy. Pancreatic duct dilation is non-

specific and is found in pancreatitis or malig-
nancy, or is a normal finding in the aged.

Ultrasonography

Sonographic pancreatic texture in chronic pan-
creatitis ranges from hypoechoic to hypere-
choic, with the latter representing calcifications.

A controversy in endoscopic circles is
whether in chronic pancreatitis endoscopic US
is preferred over ERCP. Abnormal findings may
be detected earlier with endoscopic US than
with ERCP. In a setting of chronic pancreatitis,
endoscopic US and ERCP show good correlation
in measuring the size of the duct of Wirsung.
Duct dimensions on ERCP tend to be larger than
those obtained with other imaging modalities
because of x-ray magnification and distention
with contrast. Endoscopic US reveals dilatation
of the main pancreatic duct, heterogeneous
echogenicity of the pancreatic parenchyma, and
small cysts. Endoscopic US detects pseudocysts
and occasionally may suggest a superimposed
pancreatic carcinoma.

Magnetic Resonance Imaging

Atrophy, a heterogeneous appearance, and a
dilated pancreatic duct are common MR
findings in chronic pancreatitis. Fibrosis tends
to decrease the signal intensity on T1-weighted
fat-suppression images. Decreased heteroge-
nous arterial phase contrast enhancement is
common; nevertheless, gadolinium enhanced
MRI in patients with chronic pancreatitis and
pancreatic carcinoma can show similar abnor-
mal pancreatic enhancement in both entities.
The two cannot be distinguished based on
degree and time of enhancement (41).

Magnetic resonance cholangiopancreato-
graphy tends to overestimate pancreatic duct
stenosis and underestimate the dilation of sec-
ondary branches and filling defects in the pan-
creatic duct (42), but it is superior to ERCP in
depicting that part of the pancreas distal to an
obstruction.

Pancreatography

Pancreatography findings in patients with
chronic pancreatitis and an inflammatory
tumor range from a smooth or irregular steno-
sis, to obstruction or a patent duct; the length of
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stenosis varies. The pancreatic duct distal to the
tumor is dilated in about three fourths of
patients. Irregular dilation of secondary pan-
creatic ducts develops throughout the pancreas
in some patients with diffuse mild chronic pan-
creatitis. When localized, similar changes are
also found with neoplasms or simply reflect
changes seen with age.

The secretin-pancreozymin test and ERCP
concur in most patients with chronic pancreati-
tis. A majority of patients with an abnormal
ERCP but normal secretin-pancreozymin test
have a prior history of acute pancreatitis, but no
clinical or laboratory evidence of chronic pan-
creatitis. Thus both tests complement each
other when chronic pancreatitis is suspected
because ERCP tends to overdiagnose this condi-
tion. Secretin-stimulated MRP in patients with
chronic pancreatitis visualizes more pancreatic
duct segments and secondary ducts and more
stenoses and intraluminal defects than prese-
cretin (43). At times acinar filling develops post-
secretin in chronic pancreatitis. This test also
aids in assessing pancreatic exocrine function.
Thus reduced duodenal filling postsecretin in
patients with chronic pancreatitis achieved a
72% sensitivity and 87% specificity in detecting
decreased function (44).

Calcifications

The only reliable and almost pathognomonic
imaging finding of chronic pancreatitis is pan-
creatic calcifications, readily identified by both
CT and conventional radiography (Fig. 9.8). A
majority of these calcifications are intraductal
in location, in either the main duct or side
branches. These calcifications are multiple and
vary in size. They may be limited to a portion of
the pancreas or be scattered throughout. With
time, these calcifications remain static or
increase in extent, although in an occasional
patient they may decrease. The extent of
calcification has a poor correlation with the
degree of pancreatic exocrine dysfunction.

Occasionally similar calcifications develop 
in severe protein malnutrition. Pancreatic
parenchymal calcifications may also develop
after direct trauma to the pancreas and possibly
after ischemia. Biliary and pancreatic calcifi-
cations have been reported in schistosomiasis.

It has been observed that patients with
chronic pancreatitis have a higher prevalence of

aortic calcification than a control population
(45).

Therapy

Most therapy in chronic pancreatitis revolves
around attempts to control pain. Confounding
treatment is that pain disappears spontaneously
in some of these patients.

Endoscopic

One source of pain in these patients is increased
pancreatic duct pressure. Endoscopic sphinc-
terotomy or main pancreatic duct stenting
reduces this pressure, and these patients have
rapid pain resolution; in many of these patients
such therapy is only temporary, however,
and they will need to undergo more definitive
procedures. A stent can be inserted in most
patients even with pancreatic duct disrup-
tion. With a stricture or stone distal to the dis-
ruption and pseudocyst formation, a cystoen-
terostomy (either gastric or duodenal) is also
necessary.

Endoscopic catheter and balloon techniques
have evolved to the point that a number of
main pancreatic duct concretions can be
removed; currently this is not possible with
calculi located in secondary branches. There-
fore, if stone therapy is contemplated, it is useful

Figure 9.8. Chronic pancreatitis.Computed tomography reveals
extensive calcifications that have replaced most of the pancre-
atic parenchyma. (Courtesy of Patrick Fultz, M.D., University of
Rochester.)
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to know a specific concretion location. This
information can be provided by CT and subse-
quent 3D reconstruction.

Two patients with chronic pancreatitis and
multiple calcifications in the main and acces-
sory pancreatic ducts underwent intraductal
infusion of citrates through a nasopancreatic
catheter (46); the stones fragmented and 
dissolved.

Extracorporeal Shock-Wave Lithotripsy

Extracorporeal shock-wave lithotripsy (ESWL)
is viable initial therapy in patients with chronic
pancreatitis and stones in the main pancreatic
duct unretrievable by ERCP. Published results
are encouraging. Stones are disintegrated and
complete stone clearance obtained in 75% to
80% of patients. A combined endoscopic-ESWL
approach is often used. Clinical pancreatitis is
rare after ESWL therapy. Not all patients are
cured of their pain, and some eventually
required a Whipple or Puestow procedure for
relief of symptoms or persistent obstruction.

Surgical

Partial common bile duct obstruction is
common in chronic pancreatitis. Without relief
of obstruction, these surgical high-risk patients
progress to cholangitis and cirrhosis. Biliary
imaging provides a road map for surgical plan-
ning. Common surgical procedures to relieve
intrapancreatic biliary obstruction are choledo-
choduodenostomy or choledochojejunostomy.

A Puestow procedure consists of a lateral
side-to-side pancreaticojejunostomy, useful to
decompress a dilated pancreatic duct (Fig. 9.9).
If no pancreatic tissue is resected, little change
in existing endocrine or exocrine function
should be evident. Computed tomography
identifies most of these pancreaticojejunal anas-
tomoses located anterior to the pancreatic body
or tail; fluid, gas, or oral contrast is evident next
to the anastomosis in some. Such fluid or gas
either close to the anastomosis or in an adjacent
Roux-en-Y loop should not be confused with an
abscess. Complications of a Puestow procedure
include fluid collections, abscess, pseudocyst,
hematoma, and small-bowel or Roux-en-Y
obstruction.

Partial pancreatic resection is considered for
a failed pancreaticojejunostomy, localized

disease, or if the pancreatic duct is not dilated.
With resection of pancreatic head and duode-
num (Whipple procedure), a Roux-en-Y is per-
formed and the common bile duct and residual
pancreatic duct anastomosed to the jejunum. A
complication after this operation is breakdown
at the pancreaticojejunostomy. As a result, pan-
creatic duct anastomosis into the stomach has
become common; an anastomotic breakdown
here is less likely. A duodenum-preserving 
pancreatic head resection together with a pan-
creaticogastric or pancreaticojejunal anasto-
mosis is a viable alternative in some centers
(Fig. 9.10).

A distal pancreatectomy is performed if
disease is limited to the body or tail of the pan-
creas. Patients undergoing a distal pancreatec-
tomy have a better outcome than those with a
pancreaticoduodenectomy or pancreaticoje-
junostomy).

Complications of Pancreatitis
Pancreatic necrosis and infection were dis-
cussed in a previous section. The complications
covered here include pancreatic and gastro-
intestinal fistulas, pseudocysts, and changes
involving other structures.

Figure 9.9. Appearance of a lateral side-to-side pancreaticoje-
junostomy (Puestow procedure).
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Fistulas

Pancreatic duct disruption leads to an
undrained collection and pseudocyst for-
mation; in a similar setting a pancreatic fis-
tula forms after necrosectomy and external
drainage. In general, the mortality rate is higher
with a gastrointestinal fistula as compared to a
pancreatic fistula or pseudocyst. A persistent
pancreatocutaneous fistula develops in about
half of patients after percutaneous drainage of
pancreatic fluid collections (47); whether a
fistula develops or not appears related primarily
to the severity of pancreatitis rather than to its
cause. A pancreaticopleural fistula is rare.

An occasional pancreatic duct fistula is 
visualized by ERCP. Some of these fistulas are
also identified by CT and US. Biliary scintigra-
phy appears worthwhile with a suspected biliary
fistula developing in a setting of chronic 
pancreatitis.

Anecdotal reports describe fibrin glue being
used to successfully occlude these fistulas.

Figure 9.10. Schematic of a pancreaticoduodenectomy (Whipple procedure). A: A pancreaticojejunostomy is proximal to the chole-
dochojejunostomy and a gastrojejunostomy is more distal. B: A similar procedure to that in part A, except that a pylorus-sparing duo-
denojejunostomy is substituted for the gastrojejunostomy. The biliary anastomosis can be studied via a T-tube and the gastric
anastomosis with oral contrast, but the pancreaticojejunostomy is not readily accessible. Indirect evidence of a breakdown of this
anastomosis is provided by CT detection of an abscess in this region. In place of a pancreaticojejunostomy some surgeons perform
a pancreaticogastrostomy.

A
B

Pseudocyst

Clinical

Pancreatic pseudocysts develop in both acute
and chronic pancreatitis. It takes 4 to 6 weeks for
a pseudocyst to “mature” and form into a well-
defined structure with an identifiable wall.
These cysts can be classified as intrapancreatic
or extrapancreatic in location; the location is
best defined with CT. A mature cyst may or may
not communicate with the pancreatic ductal
system; such communication is best established
with ERCP. Noncommunicating cysts are prob-
ably secondary to necrotic liquefaction of pan-
creatic tissue or prior limited communication
with pancreatic ducts. In chronic pancreatitis
the cysts generally communicate with ducts and
tend to be associated with main pancreatic duct
obstruction.

Although the most common site for pseudo-
cysts is around the tail of the pancreas, they have
been reported in almost any location in the
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abdomen and occasionally even in the chest.
Pseudocysts have developed in intrahepatic and
intrasplenic locations. They have involved both
the right and left liver lobes. A pseudocyst orig-
inating from the tail of the pancreas has
extended into the left renal space and has mim-
icked a renal cyst on CT.

Pseudocysts vary considerably in size. Most
small pseudocysts resolve spontaneously. The
wall of some chronic pseudocysts calcifies.
Pseudocyst content amylase and lipase levels do
not correlate with exocrine pancreatic function,
and cyst enzyme levels vary considerably
between consecutive punctures of the same
cyst; with noncommunicating cysts the pseudo-
cyst content differs from pancreatic juice.

Diagnosis

Computed tomography of an uncomplicated
pseudocyst shows fluid of near-water density.
Either hemorrhage or infection increases at-
tenuation. Pseudocysts have smooth margins
(Fig. 9.11).

An uncomplicated pseudocyst is anechoic,
but hemorrhage, debris, or infection produces a
heterogeneous complex echo pattern. Blood
clots appear as a solid component.

An MRCP readily detects these cystic struc-
tures. Communication with pancreatic ducts is
not as readily apparent as with ERCP.

It is worthwhile to emphasize that not all pan-
creatic cysts are pseudocysts. Cystic pancreatic
neoplasms and true cysts are also in the differ-
ential diagnosis. About three quarters or more

of all pancreatic cysts are pseudocysts second-
ary to pancreatitis, with the others being pri-
marily neoplastic. Complicating the issue is 
that some pancreatic neoplasms are associated
with pancreatitis. It is essential to differentiate
among a pseudocyst, a neoplastic cyst, and
other nonneoplastic cysts. A number of reports
describe what initially appears to be a pseudo-
cyst, which is treated by a cystenterostomy, with
subsequent dire consequences. Even a gastric
duplication has been misdiagnosed as a pancre-
atic pseudocyst. A cystic neoplasm should be
considered especially in patients without a
history or risk factors for pancreatitis.

A reverse misdiagnosis can also occur. Thus
imaging in a 37-year-old asymptomatic man
being investigated for hypertension detected
two small cysts and a larger unilocular cyst con-
taining a mural nodule in the pancreas; ERCP
showed communication of the pancreatic duct
with a cyst but no ductal changes, suggesting
chronic pancreatitis was evident and a tentative
diagnosis of a malignant mucinous cystic neo-
plasms was made (48). Intraoperative frozen
section of the cyst wall revealed a pseudocyst,
with mural nodules representing sludge within
the pseudocyst.

A cystic pancreatic neoplasm and a pseudo-
cyst have a similar US appearance. Serial US,
especially if obtained early in the formation of
a pseudocyst, aids in differentiating between
these two. When small, an aneurysm is also 
in the US differential diagnosis; Doppler US
should differentiate these.

The relative MR signal intensity on T1-
weighted images of pseudocysts, other benign
cysts, and cystic neoplasms overlaps. Other rare
cystic nonneoplastic pancreatic lesions include
retention cysts and simple cysts.

Pseudocyst Complications

A pseudocyst can rupture into any adjacent
structure. Spontaneous rupture into surround-
ing structures results in surrounding inflam-
mation and possible sinus tracts between the
pseudocyst and duodenum. Perforation can
occurred into the colon. A pseudocyst can erode
into the portal vein, with embolization of
pseudocyst content into the intrahepatic portal
vein branches. Rupture into the peritoneal
cavity results in acute peritonitis. Differentia-
tion from infected pancreatic ascites is difficult.

Figure 9.11. Pseudocyst in pancreatic head,an unusual location
(arrow). (Courtesy of Patrick Fulz, M.D., University of Rochester.)
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Prevalence of pseudoaneurysms in pancreati-
tis patients is difficult to gauge but probably is
around 10%. Many of the smaller ones remain
silent unless rupture occurs or they are discov-
ered with an imaging study. Spontaneous arte-
rial hemorrhage associated with a pseudocyst is
not uncommon. The involved vessel becomes
dilated (pseudoaneurysm formation) and rup-
tures. Bleeding is into the pseudocyst, intraperi-
toneal, into the gastrointestinal tract, through
the papilla of Vater (hemosuccus pancreaticus),
or into any structure surrounding the cyst.
Bleeding is generally from one of the peripan-
creatic arteries (49), although any nearby artery,
including the splenic artery and even the middle
colic artery, can be involved. Bleeding ranges
from slow to massive to the point of exsan-
guination.

Contrast-enhanced CT should detect high
attenuation blood within a pseudoaneurysm.
During an acute bleed CT may detect
extravasating contrast.

Ultrasonography identifies an aneurysm as 
a cyst, often with an adjacent crescent rim.
Doppler US should detect blood flow and allows
differentiation of a pseudoaneurysm from a
pseudocyst or other fluid collection.

Angiography allows transcatheter emboliza-
tion of the feeding vessel. Although emboliza-
tion arrests most acute bleeding, it may recur
and require reembolization. Steel coil emboliza-
tion is more successful than Gelfoam emboliza-
tion. Unsuccessful bleeding artery embolization
usually necessitates a pancreatectomy (49).

Infection turns a pseudocyst into an abscess.
Differentiation of a noninfected from an
infected pseudocyst is an art and relies on 
clinical and imaging findings. Positive Tc-99m-
HMPAO leukocyte scintigraphy suggests a 
pancreatic abscess; on the other hand, a 
normal scintigram points toward a noninfected
pseudocyst.

A pseudocyst may obstruct any adjacent
hollow viscus. Thus with bile duct compression
patients develop obstructive jaundice. A rare
large pseudocyst results in gastric or small
bowel obstruction.

Pseudocyst Therapy

Pseudocysts are treated by a number of percu-
taneous (repeat cyst aspiration, external
catheter drainage, transgastric catheter

drainage), endoscopic (transgastric catheter,
transampillary stenting, insertion of nasocystic
drainage catheter), and surgical procedures.
Internal drainage to the stomach or bowel has
varying degrees of success. The type and degree
of aggressive intervention varies depending on
the expertise of the physicians involved and the
traditions of the institution. Overall, a trend has
been away from open surgical drainage to non-
surgical intervention. Simple aspiration has a
high recurrence rate and is not often performed.
Percutaneous catheter drainage has a recur-
rence rate similar to surgical internal drainage,
but is associated with fewer complications.
A percutaneous transgastric approach, with
resultant internal drainage into the stomach, is
used in a number of institutions with good
results and a low recurrence rate. A percuta-
neous catheter allows serial study of cyst size
and any pancreatic duct communication. A
double-mushroom stent has been described to
provide internal drainage into the stomach
(percutaneous cystogastrostomy), thus avoiding
an external catheter. Recurrence of a pseudocyst
should suggest a persistent or recurrent pancre-
atic duct obstruction by a stone.

Endoscopic drainage of pancreatic pseudo-
cysts is performed in some centers. Endoscopic
US prior to the procedure detects any inter-
posed larger vessels (including varices) and aids
in establishing the best site for drainage. A pan-
creaticoportal fistula is a complication after an
endoscopic cystogastrostomy (50).

In general, a high-resolution imaging study
aimed at detecting any associated pseu-
doaneurysm is performed prior to pseu-
docyst drainage. If a pseudoaneurysm is
detected, angiography allows confirmation and
embolization.

Intrasplenic pseudocysts have been drained
percutaneously. A percutaneous paraspinal,
extrapleural CT-guided approach was used to
drain a mediastinal pseudocyst (51).

Abscess

Some pancreatic phlegmons evolve into an
abscess. A pseudocyst can become infected. The
infecting agent usually is bacterial, with only an
occasional one being fungal. Klebsiella sp.,
Escherichia coli, and Staphylococcus aureus pre-
dominate, and most infections contain only one
organism.
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The presence of gas suggests an abscess, but
not all abscesses contain gas. Gas is also found
secondary to an infection of necrotic pancreatic
tissue with gas-forming organisms, so-called
gas gangrene. An enteric communication also
leads to intrapancreatic gas collections.

Computed tomography and MR show a pan-
creatic abscess as a thick-walled cavity contain-
ing low-attenuation fluid (Fig. 9.12). Adjacent
pancreatic parenchyma usually enhances with
contrast. Infected necrotic tissue, on the other
hand, consists of nonenhancing or poorly
enhancing liquefied pancreatic tissue.

Ultrasonography shows a pancreatic abscess
as a thick-walled hypoechoic cavity. US cannot
distinguish whether a focus of necrotic tissue is
infected or not. Similarly, US cannot determine
whether a pseudocyst is infected or not.

Percutaneous needle aspiration using imag-
ing guidance should detect pancreatic infection.
Established abscesses are amenable to per-
cutaneous catheter drainage; necrosis, on the
other hand, whether infected or not, generally
requires surgical debridement.

Gastrointestinal Tract

Severe ileus is common but generally clears as
pancreatitis improves.

Duodenal obstruction is a known complica-
tion of pancreatitis, with the diagnosis generally

suspected clinically. An oral barium study is
diagnostic. Obstruction in a setting of acute
pancreatitis often clears spontaneously, but
fibrosis developing in chronic pancreatitis
usually requires surgical correction. No one
surgical procedure is applicable in all patients,
with the myriad procedures performed reflect-
ing concomitant common bile duct and pancre-
atic duct obstruction in some of these patients.

Transverse colon involvement in necrotizing
pancreatitis is rare but is associated with colon
necrosis, perforation, and peritonitis. The
sequelae also include colon stenosis.

Biliary

Occasionally severe acute necrotizing pancre-
atitis results not only in biliary obstruction but
also in a bile duct leak or even necrosis of
the adjacent common bile duct. Percutaneous
biliary drainage provides temporary relief, with
definitive surgical correction performed, as nec-
essary, after pancreatitis subsides.

Fasting and postprandial gallbladder
volumes are increased above normal, and gall-
bladder contraction is reduced in patients with
chronic pancreatitis, possibly due to decreased
cholecystokinin secretion.

Spleen

Splenic complications of pancreatitis are not
common but include splenic infarct, subcapsu-
lar hematoma, and abscess. The absence of CT
contrast enhancement of splenic parenchyma
suggests a splenic infarction. A pseudocyst in
the tail of the pancreas and splenic vein throm-
bosis led to splenic rupture (52).

Vascular

Disseminated intravascular coagulopathy is
common in acute pancreatitis. Peripancreatic
hematomas develop in some patients, including
duodenal intramural hematomas.

Splenic vein, portal vein, or superior mesen-
teric vein thromboses complicate acute and
chronic pancreatitis. Often such thrombosis is
asymptomatic, and extensive collateral vessels
are a first manifestation. Some of these patients
develop gastric varices; esophageal varices are
not common. Because collateral vessels bypass
thrombosed veins and the intrahepatic vascu-

Figure 9.12. Abscess involving pancreatic tail. Contrast-
enhanced magnetic resonance imaging (MRI) identifies a
peripheral enhancing rim (arrows) containing nonenhancing
components. (Source: From Burgener FA, Meyers SP, Tan RK,
Zaunbauer W. Differential Diagnosis in Magnetic Resonance
Imaging. Stuttgart: Thieme, 2002, with permission.)
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larity is intact, these patients tend not to develop
variceal bleeding to the extent seen in patients
with hepatic cirrhosis. Acute mesenteric vein
thrombosis can lead to small bowel infarction.
Some of these thrombi are reversible and
follow-up CT identifies resolution after pancre-
atitis clears.

A thrombus can be detected with most
imaging. Computed tomography shows a hypo-
dense splenic vein and a normal portal vein.
Gray-scale US reveals an echogenic intraluminal
thrombus.

Other Complications

An occasional patient develops pleural effusion
and even pericardial effusion during acute 
pancreatitis. Even cardiorespiratory arrest 
has developed secondary to chylous cardiac
tamponade.

At times pancreatitis involves the peripancre-
atic tissues to the point of obliterating the
perivascular fat planes, and imaging suggests an
infiltrating carcinoma.

The development of acute renal failure in
acute pancreatitis is associated with a high 
mortality.

Pancreatic ascites is a result of pancreatic
duct disruption; it is more common in chronic
than acute pancreatitis; at times massive
chylous ascites develops months after onset of
pancreatitis.

Intraosseous fat necrosis is a rare complica-
tion of pancreatitis (53). Most unusual was a
patient with acute pancreatitis developing
splenic vein thrombosis, splenic infarction, and
spinal cord infarction resulting in paraplegia
(54).

Dengue Hemorrhagic Fever
Epigastric pain is common in dengue hemor-
rhagic fever. The diagnosis is established by
serologic examination and viral isolation.

Ultrasonography in children with dengue
detected an enlarged pancreas in 29%, with the
prevalence increasing in those with severe
disease (55); relative to the liver, the pancreas
was isoechoic in 69%, with the rest being either
hyper- or hypoechoic. Elevated serum amylase
and lipase levels were common in those with
severe disease and an enlarged pancreas.

Leptospirosis
Leptospirosis rarely presents with pancreatitis.
In a rare patient infection with Leptospira
icterohaemorrhagiae mimics pancreatitis.

Clonorchis Infestation
Computed tomography identifies small pancre-
atic cysts in patients with pancreatitis associ-
ated with Clonorchis sinensis infestation (56).

Lipomatosis
Increased pancreatic fat (called lipomatous
pseudohypertrophy by some authors) develops
in obesity, chronic pancreatitis, diabetes melli-
tus, cystic fibrosis and other hereditary dys-
functions, long-term steroid therapy, and some
viral infections. Occasionally fatty replacement
is associated with a pancreatic mesenchymal
neoplasm. In a rare patient lipomatosis is idio-
pathic. The pancreas becomes enlarged second-
ary to diffuse fatty infiltration. The exocrine
glandular tissue is atrophic, but the islets of
Langerhans tend to be preserved.

Lipomatosis is readily detected with imaging
(Fig. 9.13).

Similar to the liver, focal fatty masses also
develop in the pancreas. These lesions generally

Figure 9.13. Fat infiltration of pancreas associated with obesity,
detected on contrast-enhanced CT. Similar changes are found in
cystic fibrosis patients.(Courtesy of Douglas Katz,M.D.,Winthrop
University, Mineolar, New York.)
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are well defined; CT shows these tumors to have
the same density as peripancreatic fat. With US,
they range from hypoechoic to hyperechoic.

Iron Deposition
In patients with hemochromatosis, iron is
deposited not only in the liver but also in 
pancreatic parenchyma, and these patients
develop diabetes mellitus and exocrine abnor-
malities. With sufficient iron deposition, MRI
reveals a hypointense pancreas on T2-weighted
images.

Compared to the liver, the pancreas contains
limited reticuloendothelial tissue. In distinction
to the liver and spleen, after blood transfusions
MR reveals little pancreatic change, except that
after repeated transfusions and reticuloen-
dothelial saturation iron is deposited in pancre-
atic parenchymal cells, and these patients
develop both endocrine and exocrine 
abnormalities.

Among 20 patients with transfusion-
dependent b-thalassemia major, pancreas-to-fat
signal intensity ratio was decreased in 85% and
increased in 15% on SE T1- and fast spin echo
(FSE) T2-weighted images (compared with 
controls) (57); a significant correlation existed
between increased pancreas-to-fat signal inten-
sity ratios and decreased serum trypsin levels
and a decreased pancreas-to-fat signal intensity
ratio and increased serum ferritin levels.

Amyloidosis
Primary amyloidosis of the pancreas is rare.
More common is pancreatic involvement in a
setting of systemic amyloidosis.

Sarcoidosis
Even with systemic sarcoidosis, pancreatic
involvement is rare. In fact, most patients with
pancreatic sarcoidosis have no antecedent
history of sarcoidosis. The clinical presentation
can mimic pancreatitis or a pancreatic malig-
nancy, and can include jaundice. Idiopathic
chronic pancreatitis can manifest at the same
time as generalized sarcoidosis.

The diagnosis can be suspected if biopsies
reveal noncaseating epithelioid granulomas,
keeping in mind that granulomas are found as

a reaction to fungi, tuberculosis, some cancers,
and foreign substances. Sarcoid infiltration
leads to extrinsic narrowing of the distal
common bile duct or pancreatic duct.

Tumors
Differential Diagnosis of Focal
Tumors
Benign focal pancreatic tumors can be divided
into nonneoplastic and neoplastic (Table 9.3).
Considerable overlap exists in the imaging dif-
ferential diagnosis of these tumors, especially
for the cystic varieties, and preoperative differ-
entiation between a pancreatic malignancy 
and a benign condition continues to pose 
a dilemma. Most pancreatic surgeons have
encountered the patient with a pancreatic
tumor who undergoes a laparotomy or even
resection for a suspected malignancy only to
discover that the condition is benign.

Most pancreatic fibrosis involves the entire
pancreas; when focal, neither CT nor US nor MR
readily differentiates focal chronic pancreatitis
from a malignancy (58).

Nonneoplastic
Lymphoepithelial Cyst

Pancreatic lymphoepithelial cysts are rare.
These cysts are lined by squamous epithelium

Table 9.3. Benign focal tumors of the pancreas

Nonneoplastic Neoplastic

Mostly solid:
Hemangioma Papilloma
Teratoma Adenoma
Extramedullary Solid neuroendocrine tumors

hematopoiesis
Accessory spleen Giant cell tumor

Paraganglioma
Solid mesenchymal neoplasms

Mostly cystic:
Pseudocyst Microcystic adenoma
Abscess Mucinous cystic adenoma
Cystic teratoma Cystic neuroendocrine tumor
Epithelial cyst Papillary cystic adenoma
Lymphangioma Cystic mesenchymal neoplasms
Aneurysm Hemangiopericytoma
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and are surrounded by lymphoid tissue. They
occur throughout the pancreas and some are
even exophytic in location. Their etiology is not
known.

The imaging findings of these nonneoplastic
cystic tumors are similar to those seen with a
mucinous cystic pancreatic neoplasm. Imaging
of a pancreatic lymphoepithelial cyst reveals a
heterogeneous water-density tumor, often con-
taining septa. Endoscopic US is useful to
confirm the presence of septa, a somewhat non-
specific finding. In two lymphoepithelial cysts a
lipid component was detected by CT and MRI
(59). Some have multiple cystic regions and rim
calcifications. With most of these cysts a diag-
nosis is established only after resection.

Lymphangioma

Pancreatic lymphangiomas are rare. These
usually multilocular cystic nonepithelial tumors
are lined by endothelial cells and are filled with
serous fluid or chyle. Ten of these tumors, in
patients ranging in age from 2 to 61 years at
initial presentation, were collected by the
Endocrine Pathology Registry of the Armed
Forces Institute of Pathology (60); six were in
the tail of the pancreas.

Computed tomography of two lymphan-
giomas revealed complex cysts containing septa
and thin and regular walls, some calcified 
(61).

Other Tumors 

A rare intrapancreatic accessory spleen has
been described. These are hypervascular on CT
and isointense to the spleen on MRI. At times
scintigraphy is useful to confirm activity.

An inflammatory pseudotumor is more
common in the liver than in the pancreas.
Imaging of these solid tumors reveals findings
similar to a malignancy (62); a histopathologic
study is necessary for diagnosis.

Benign Neoplasms
Other benign pancreatic neoplasms are dis-
cussed in a later sections (see Cystic Neoplasms,
and Neuroendocrine (Islet Cell) Tumors).

Papilloma/Papillomatosis

Not all solid pancreatic tumors are malignant. A
papilloma can be quite large. The diagnosis is
established by fine-needle aspiration cytology.
Diffuse papillomatosis may involve both the
pancreatic ducts and bile ducts.

Adenoma

An intraductal adenoma is rare. These are pre-
malignant tumors and some already contain a
carcinoma in situ. Even small adenomas in the
main pancreatic duct can be associated with
acute pancreatitis.

Benign Stromal Tumors

Stromal (mesenchymal) tumors are very rare in
the pancreas. Benign varieties include fibroma,
fibromyoma, lipoma, lymphangioma, heman-
gioma, schwannoma, and leiomyoma. They
range from solid to cystic in appearance.

Fat-containing pancreatic tumors consist of
focal fatty deposits, lipoma, liposarcoma, and 
a mixed mesenchymal tumor such as a
fibrolipoma or cystic teratoma. Although fatty
infiltration of the pancreas is common, a lipoma
is rare. A lipoma is identified by CT as a well-
defined, focal, homogeneous tumor ranging in
density from -80 to -120 HU and no contrast
enhancement. An MRI reveals similar findings.
Ultrasonography shows a solid hypoechoic
tumor. Favoring a lipoma is a homogeneous
tumor containing a well-defined margin. Lipo-
matosis is more diffuse in extent. Focal lipo-
matosis lacks a surrounding capsule but
otherwise is similar to a lipoma.

Malignant Neoplasms
Adenocarcinoma

Clinical

General

Adenocarcinoma of the pancreas is the fourth
leading cause of cancer death in the United
States and the incidence continues to increase in
the Western world. It is more common in males.
Typically, the cancer is discovered when it has
already spread extensively.
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About two thirds of pancreatic carcinomas
originate in the head of the pancreas. Jaundice
is typically the initial presentation, and an
enlarged, nontender gallbladder is often palpa-
ble (Courvoisier gallbladder). Occasionally,
however, even a large pancreatic head tumor
will not obstruct bile ducts. Duodenal obstruc-
tion initially is uncommon with a pancreatic
head carcinoma, the exception being with a
cancer developing in an annular pancreas,
where duodenal obstruction is due directly to
the cancer or, if the cancer develops in the adja-
cent pancreatic head, the obstruction is due to
the surrounding pancreatitis. Pancreatic body
and tail carcinomas present with pain and
weight loss and generally extensive local inva-
sion and metastases are already present when
the tumor is first discovered.

Dull, almost constant visceral pain due to
neural invasion is characteristic for these
tumors. Malabsorption, steatorrhea, and weight
loss ensue. Diabetes mellitus is quite common,
but its etiology is puzzling. Pancreatic cancer
patients show increased peripheral tissue resist-
ance to insulin. Diabetes is an early manifesta-
tion, and long-standing diabetics are also at
increased risk for pancreatic cancer.

Surrounding focal pancreatitis is common,
possibly a result of duct obstruction and rup-
ture. An occasional patient presents with pan-
creatitis, even with acute recurrent pancreatitis.

An association exists between deep venous
thrombosis, pulmonary emboli, and pancreatic
cancer. Date from the Danish Cancer Registry
yields a cancer incidence ratio of 1.3 in these
patients, but the risk is elevated only during the
first 6 months and then declines to slightly
above 1.0 at 1 year after thrombosis (63); of note
is that distant metastases were already present
in 40% of patients with a cancer detected within
1 year of thromboembolism.

Various paraneoplastic syndromes are more
common with an acinar cell origin carcinoma.
An occasional pancreatic carcinoma is preceded
by seborrheic keratosis (Leser-Trelat sign); skin
lesions tend to diminish after resection, but
progress with tumor recurrence.

Etiology

Several risk factors are identified for pancreatic
carcinoma. The relative risk of developing pan-

creatic cancer is about six times greater in
patients who have had previous pancreatitis,
with this risk beginning to increase 5 or more
years after a diagnosis of pancreatitis is estab-
lished. This risk appears to be independent of
sex, country, and type of pancreatitis.

The initial data pointed to an association with
cigarette smoking and coffee, but a Health Pro-
fessionals Follow-Up Study and the Nurses’
Health Study, consisting of nearly two million
person-years of follow-up and 288 pancreatic
cancers, concluded that neither coffee nor
alcohol increases the risk for pancreatic cancer
(64). Likewise, if an association with a previous
cholecystectomy exists, it is a modest one at
best. An increased prevalence of gallstones,
however, is found in those with pancreatic
cancer.

In rare families an autosomal-dominant
predilection for pancreatic cancer appears to
exist.

With an increase in life expectancy in patients
with Hodgkin’s disease after chemotherapy and
radiation, the development of a second malig-
nancy is a well-recognized entity. Among these
are reports of pancreatic cancer.

An increased risk of pancreatic cancer
appears to exist in patients with cystic fibrosis.

Patients with von Recklinghausen’s disease
are more prone to developing neuroendocrine
pancreatic neoplasms than the average popula-
tion, but not those of ductal origin.

Screening

Screening for pancreatic cancer is not widely
practiced, and most tumors are not detected at
an early tumor stage. Nevertheless, an abdomi-
nal US screening program in Japan achieved
impressive results for detecting pancreatic
cancer, reaching a sensitivity and specificity of
98% and 96%, respectively (65).

Ideally, screening should detect a potentially
curable cancer. A definition of high-risk groups
is still evolving. Detection of K-ras mutations 
in endoscopically obtained pancreatic juice is
applicable only to a high-risk group. Current
technology suggests CT or US as a screening
tool and, if either modality suggests a pancre-
atic carcinoma, then endoscopic US or MRCP
should be done.
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Serum Markers

A number of tumor markers are available. Their
current major diagnostic limitation is a lack of
tumor specificity and, to a lesser extent, low sen-
sitivity in detecting a pancreatic carcinoma.

Serum levels of CA 19-9 appear useful in dis-
criminating pancreatic cancer from benign
disease, predicting resectability, survival rate
after surgery, and as a marker for recurrence.
The sensitivity of CA 19-9 levels in discriminat-
ing between benign and malignant disease was
85% (66); patients with a resectable tumor had
CA 19-9 levels significantly lower than those
with an unresectable tumor. After tumor resec-
tion, survival for those with CA 19-9 levels
returning to normal was significantly longer
than for those with CA 19-9 levels not normal-
izing. A majority of postoperative patients
developing a recurrence have increased CA 19-
9 levels. Nevertheless, false-positive CA 19-9
levels occur in pancreatitis, and the specificity
of this test is low.

Pathology

Pancreatic adenocarcinomas are very aggressive
tumors, and at the initial diagnosis either intra-
pancreatic metastases or multicentric tumor
origin is common. A capsule is not evident.
Often a desmoplastic reaction surrounds a
tumor, making it appear larger. Either the main
pancreatic duct or one of its secondary branches
becomes obstructed early in the course, leading
to duct dilation. A prominent histologic finding
is early and extensive perineural invasion,
believed to account for the persistent and severe
pain associated with these tumors. Vascular
invasion and spread to adjacent lymph nodes is
also an early finding.

Most pancreatic adenocarcinomas arise from
pancreatic duct epithelium. A spectrum of
changes ranging from ductal hyperplasia to car-
cinoma in situ are identified. Cancer variants
include giant cell carcinoma, acinar cell adeno-
carcinoma, adenosquamous carcinoma,
mucinous-type carcinoma, and probably some
of the cystadenocarcinomas.A need for histopa-
thologic diagnosis exists because about 10% of
suspected pancreatic carcinomas are either not
of ductal origin or not even malignant. Thus
either a needle biopsy (or even cytology) or 
surgical biopsy is necessary.

Instead of ductal origin, an occasional neo-
plasm originates from pancreatic acinar cells;
these include acinar cell adenocarcinomas and
cystadenocarcinomas. An acinar cell adenocar-
cinoma is more common in elderly men and has
an even worse prognosis than ductal ones. At
initial presentation these tumors tend to be
large and partly necrotic. For unknown reasons
an occasional one is associated with subcuta-
neous fat necrosis. A rare carcinoma has both
acinar and endocrine components.

Pancreatic adenocarcinoma in children is
either ductal or acinar in origin. Early metasta-
sis is common.

These carcinomas involve activation of the
Ki-ras oncogene, inactivation or mutation of the
p53 tumor-suppressor gene, and dysregula-
tion of growth factors. Additional tumor-
suppression genes have been identified. Muta-
tions in the p53 tumor-suppressor gene are
present in up to 60% of solid pancreatic carci-
nomas. Pancreatic adenocarcinomas DNA also
yield Ki-ras mutations in most patients (67). Ki-
ras and p53 mutations are also identified in pan-
creatic juice from these patients, and such study
may have a future role in early pancreatic cancer
detection.

Early Cancer

No consensus exists for defining an early pan-
creatic cancer. Ideally, these should be cancers
limited to duct epithelium. Follow-up of
patients with tumor limited to the duct epithe-
lium reveals a high 5-year survival rate (68), but
these tumors are rarely detected.

A review of small pancreatic cancers <2 cm or
stage I cancers (pooled from 15 publications)
found 42% to be stage I and 58% to have no
lymph node metastasis, and in almost all
reports the 5-year postoperative survival rate
was <50% (69); among pancreatic cancers 1 cm
or less (pooled from three publications), 85% to
100% were stage I and the 5-year postoperative
survival rate was 78% to 100%. Patients with 12
carcinoma-in-situ and intraductal carcinomas
(pooled from four publications) were all stage I
and were alive with no evidence of tumor recur-
rence for varying lengths of time. Based on these
results, the authors propose that either pancre-
atic cancers <1 cm or in-situ and intraductal
cancers with minimal invasion be defined as
early pancreatic cancers.
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The problem of defining early cancer is illus-
trated by a 63-year-old man who had a CT for
follow-up of rectal cancer, which revealed a pan-
creatic cyst in the head of the pancreas; ERP
showed a narrowed main pancreatic duct in the
body, and MRCP identified dilated ducts drain-
ing this region (70). Cancer cells were obtained
by brushing cytology, and a total pancreatec-
tomy was performed. Two sites of invasive car-
cinoma were identified in the neck and body,
and there were multiple foci of severe dysplasia
in the body of the pancreas, with some foci con-
taining carcinoma in situ. The cystic tumor was
an intraductal papillary adenoma.

Detection

Some pancreatic cancers are associated with
pancreatic stones. In most of these patients 
pancreatic calcifications precede the cancer and
are findings of superimposed chronic pancre-
atitis, while in a minority stones form in dilated
pancreatic ducts and cysts upstream from a
cancer.

Comparison Studies

In most hands a CT diagnosis of pancreatic car-
cinoma is more reliable than its transabdomi-
nal sonographic counterpart. Earlier studies
showed endoscopic US superior to nonhelical
CT, but comparing CT with endoscopic US in
detecting pancreatic carcinomas, both tech-
niques identified a pancreatic tumor equally
well, although in the diagnosis of malignancy
CT appears superior. No consensus exists
between the relative accuracies of CT and ERP.
Most publications agree that for pancreatic
cancer detection, intraductal US, a technically
difficult and not readily available study, is cur-
rently superior to other imaging, especially for
cancers smaller than 2 cm in diameter.

In consecutive patients suspected of having a
focal pancreatic lesion (mostly adenocarcino-
mas), triphasic CT detected 88%, precontrast
MRI 91%, and post-mangafodipir MRI 93%
(71); use of mangafodipir did not significantly
improve detection. Another study of thin-
section CT and MRI (precontrast and post-oral
and IV contrast) revealed no statistically sig-
nificant differences in detecting pancreatic 
neoplasms (72).

General Imaging Findings

A majority of pancreatic cancers present as
focal tumors and thus only a portion of the pan-
creas is enlarged. It is the less common infiltra-
tive variety that is difficult to identify. At times
the only imaging finding is a subtle alteration 
in pancreatic gland outline. Especially when a
tumor originates from the uncinate process, this
finding is difficult to differentiate from normal,
keeping in mind that a pancreatic gland contour
abnormality may be a normal variant, especially
in the elderly. Distortion due to associated
atrophy or pancreatitis is common.

Pancreatic head cancers tend to obstruct both
the pancreatic and common bile ducts (Fig.
9.14). If obstructed, the pancreatic duct dilates;
duct dilation upstream of the tumor is occa-
sionally the only finding detected by imaging, a
finding also seen in chronic pancreatitis (Fig.
9.15). An abrupt duct obstruction should raise
suspicion for an underlying neoplasm; this
finding is more common with a neoplasm than
with chronic pancreatitis, where the entire pan-
creatic duct tends to be dilated. Even detection
of a focal tumor is not pathognomonic; focal
pancreatitis may have similar imaging findings.

Most pancreatic cancers develop in a setting
of a grossly normal pancreas, but with growth,
surrounding pancreatitis is common and tends

Figure 9.14. An adenocarcinoma, probably of pancreatic origin,
obstructs the common bile duct (arrowhead). The cystic duct is
also infiltrated (arrow).
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to obscure a tumor. The overall appearance is
often also complicated by superimposed gland
atrophy. At times a carcinoma in the body or 
tail is sufficiently large at initial presentation
that it appears as an obvious necrotic tumor
(Fig. 9.16).

Computed Tomography

Computed tomography became a primary
modality for pancreatic carcinoma detection
early in its development. Throughout this era it
was plagued by both false-negative and false-
positive studies, although with equipment and
software improvements both have decreased
considerably. Thin-section CT, bowel distention
by oral tap water, and individually determined
time-to-peak contrast are some of the technical
refinements applied. Current multislice CT use
in pancreatic cancer detection consists prima-
rily of arterial and portal venous images,
keeping in mind that various MR techniques are
making strong inroads.

Precontrast, a majority of pancreatic adeno-
carcinomas are detected by CT as hypo- to 
isodense tumors, with only about half being 
recognized as a discrete tumor. At times only
pancreatic duct dilation is evident.

The literature is undecided about whether
arterial-, parenchymal-, and venous-phase

scans are necessary for tumor detection. Some
investigators suggest that venous-phase scans
suffice. Although some studies found no differ-
ence in tumor attenuation between arterial-
phase and venous-phase CT others suggest
mean tumor-to-pancreas contrast differences to
be significantly greater at 40 to 70 seconds (pan-
creatic phase) (57–67 HU) than at 70 to 100
seconds (portal vein phase) (35–39 HU) (73).
Both greater pancreatic tissue enhancement 
and lower tumor enhancement were evident
during the earlier time frames. Surrounding
vascular structures are also better opacified
during earlier phase. Tumor CT density does
vary, however, with delayed enhancement seen
in some small lesions (Fig. 9.17). Isodense
regions on both early- and late-phase postcon-
trast CT contain either increased tumor cellu-
larity or a mix of acinar tissue and tumor cells;
hypodense regions on early-phase images and
iso- or hyperdense on late-phase images consist
mostly of dense fibrosis. Hypodense regions on
both early- and late-phase images and unen-
hanced regions represent mostly mucin or
necrosis.

Postcontrast multidetector row CT shows that
maximal tumor-to-parenchyma attenuation dif-
ferences are equivalent during the parenchymal
phase and portal venous phase, but in both
phases are greater than during the arterial phase
(74); subjectively, tumor conspicuity is similar
during parenchymal and portal venous phases.
It is this marked enhancement of normal pan-
creatic parenchyma during the parenchymal

Figure 9.15. The pancreatic duct is obstructed (arrow) by a car-
cinoma in the pancreatic body.

Figure 9.16. Carcinoma body of pancreas. Computed tomo-
graphy reveals a large necrotic tumor (arrow).
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phase that provides increased detection of these
hypovascular neoplasms (compared with con-
ventional CT).

Thin-section CT outlines peripancreatic
venous anatomy and detects major variations.
Helical CT visualizes normal inferior pancreati-
coduodenal veins in up to half of studies (75);
these vessels dilate when a tumor invades the
superior mesenteric vein or portal vein. Inferior
pancreaticoduodenal vein invasion leads to
dilation of other peripancreatic veins, such as
superior pancreaticoduodenal veins and gastro-
colic vein, and generally signifies tumor inva-
sion of the third duodenal segment.

Computed tomography arteriography in 36
patients with pancreaticoduodenal tumors con-
cluded that tumor conspicuity was not superior
to that obtained with conventional IV contrast
injection, except in patients with cystic tumors
(76).

Ultrasonography

Based on data from the Swedish Death and
Cancer Registries, a clinical diagnosis of tumor
in the pancreatic region confirmed within 1 year
after a US study in 140 of patients achieved an
US sensitivity of tumor detection of 89% and
specificity of 99%, and the authors concluded
that US is a viable primary diagnostic study 
in patients with suspected pancreatic tumors
(77).

Gray-scale US shows most pancreatic carci-
nomas to be hypoechoic or heterogeneous to

adjacent normal parenchyma. In the aged, part
of the pancreas is often hypoechoic, especially
the uncinate process, making differentiation
between normal and carcinoma difficult. The
use of bowel hypotonia combined with gastro-
duodenal distention with water aids both 
tumor detection and in assessing resectability.
Calcifications, if present, are limited to the
periphery of the hypoechoic masses and 
most often are sequelae of prior chronic 
pancreatitis.

Color Doppler aids in establishing unre-
sectability by detecting vascular occlusion and
circumferential vessel encasement.

Endoscopic and intraductal US detect con-
siderably more tumors than conventional US.

Magnetic Resonance Imaging

On T1-weighted fat-suppressed MRI, carcino-
mas appear as hypointense tumors having an
intensity similar to the spleen. If a pancreatic
head carcinoma is associated with atrophy of
the body and tail, the latter also are hypointense
on T1-weighted images. Signal intensity varies
on T2-weighted images and these images are of
limited use.

Optimal MR sequences to detect a subtle
tumor are still evolving. Dynamic MR and fat-
suppression are more useful than conventional
SE imaging. Due to their relative hypovascular-
ity, most pancreatic carcinomas are hypointense
to normal pancreatic tissue on immediate post-
contrast images and variable in appearance on

Figure 9.17. Pancreatic head carcinoma. A: Contrast-enhanced CT reveals a dilated pancreatic duct (arrow). B: An image slightly 
inferior also identifies a poorly enhancing tumor in the pancreatic head (arrow). (Courtesy of Patrick Fultz, M.D., University of
Rochester.)

A B
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more delayed images. Normal pancreas achieves
maximum MR enhancement during the arterial
phase, and images at this time generally are best
at maximizing the intensity differences between
normal pancreas and a carcinoma. This tech-
nique is most useful for small cancers that do
not produce a contour abnormality. A hyper-
intense ring often surrounds the cancer post-
contrast, probably representing compressed
adjacent pancreatic parenchyma and surround-
ing inflammation.

The MRCP results are similar to ERCP in
detecting pancreatic cancer, but an advantage of
MRCP is that it can be combined with other MRI
to provide additional information. Thus in 52
patients with suspected pancreatic cancer, the
accuracy of MRCP alone was 80% and of ERCP
85%, but combined MRI and MRCP achieved an
accuracy of 88% (78).

An MRCP detected an obstruction or irregu-
lar stenosis in 96% of 129 patients with a 
pancreatic carcinoma, while a majority of
inflammatory pancreatic tumors had a nonob-
structed duct (79). Nevertheless, MR differenti-
ation between a pancreatic carcinoma and
chronic pancreatitis is not possible in a minor-
ity of patients.

Scintigraphy

No ideal radiopharmaceutical agent is available
for pancreatic imaging. Some techniques,
however, are promising. Thallium-201-chloride
single photon emission computed tomography
(SPECT) shows positive uptake in pancreatic
cancers. Uptake of this agent is also evident in
some patients with chronic pancreatitis.

Focal FDG-PET uptake is seen in pancreatic
carcinomas, with several studies achieving sen-
sitivities and specificities in the 80% range.
Typically, FDG-PET is considered positive if
pancreatic activity exceeds background and
negative if activity is less than or equal to back-
ground activity. Unfortunately, focal FDG-PET
uptake is also found with benign tumors and
pancreatic inflammation. Also, the accuracy of
FDG-PET scintigraphy is dependent on serum
glucose levels.

Iodine 123 vasoactive intestinal peptide (VIP)
binds to pancreatic tumor cells and has an
affinity for pancreatic cancer. In one study
primary pancreatic tumors were visualized by
this test in 90% of patients if disease was con-

fined to the pancreas and in 32% of patients if
regional or liver metastases were present (80).

Percutaneous Transhepatic
Cholangiography

Percutaneous transhepatic cholangiography
(PTC) usually can suggest a carcinoma in the
head of the pancreas. In most institutions,
however, ERCP is the procedure performed. In a
setting of a failed ERCP, percutaneous cholan-
giography is a viable alternative.

Endoscopic Retrograde
Cholangiopancreatography

Endoscopic retrograde cholangiopancreatogra-
phy not only provides imaging of both the pan-
creatic and biliary ducts, but also in a setting of
suspected malignancy ERCP can obtain brush
cytology and thus detect carcinoma in situ and
marked atypia. The role of screening high-risk
patients with cytology is yet to be established.

Biopsy

If CT or US suggests a pancreatic tumor, these
modalities are useful in guiding fine-needle
aspiration. Accuracy of a percutaneous pancre-
atic biopsy has ranged up to 90%, although it is
lower in most studies. A positive biopsy or
cytology is generally diagnostic of a pancreatic
carcinoma. A negative biopsy, however, does not
exclude a cancer. In a setting of imaging suspi-
cion for a cancer, some studies report about half
of patients with an atypical cell or negative
biopsy are eventually confirmed as malignant.
This points to some of the problems encoun-
tered with biopsies.

Groove carcinoma. A carcinoma originat-
ing in the groove between the duodenum and
pancreatic head is called a groove carcinoma by
some authors. Whether all of these are indeed
pancreatic in origin or whether some originate
from the papilla of Vater or even distal common
bile duct is conjecture.

Imaging reveals sheet-like tumor within this
groove (81). These tumors tend to be
hypointense on T1-weighted images and hyper-
intense on T2-weighted MR images. Most are
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hypovascular on early arterial phase and show
delayed enhancement during a late phase. Nar-
rowing of the intrapancreatic common bile duct
is a common feature. Peripancreatic and adja-
cent duodenal wall invasion is also common at
initial presentation, making resection difficult.
The imaging findings resemble those of duode-
nal carcinoma, metastasis to pancreaticoduode-
nal lymph nodes or even groove pancreatitis.

Staging/Resectability

Although a Union Internationale Contre le
Cancer tumor, node, metastasis (TNM) staging
system exists for pancreatic cancer (Table 9.4),
the staging of resected cancers is probably of

little clinical relevance; some might consider
such an approach too pessimistic given the
gradual improvement, albeit slow, in postopera-
tive survival. The current emphasis is primarily
on detecting unresectability. In general, imaging
is considerably more accurate in detecting unre-
sectability than in establishing that a pancreatic
carcinoma is indeed resectable. In analyzing the
data one should keep in mind that resectability
is defined differently by various surgeons and
the definition has become more liberal with
time. Also, with pancreatic cancers resectability
is not the same as cure.

Even in a setting of widespread lymph nodes
metastases, the lymph nodes often are normal
in size. Similarly, enlarged nodes in some
patients simply represent associated inflamma-
tion. The issue is actually more complex; thus 
an immunohistochemical antiepithelial mono-
clonal antibody test revealed tumor cells in 43%
of lymph nodes that histopathologically did not
contain tumor (82); of note is that 75% of
patients staged pN0 had these cells. Using mul-
tivariate Cox’s regression analysis, the authors
found that the presence of these cells in other-
wise histologically tumor-free lymph nodes rep-
resents an independent prognostic factor for
both reduced relapse-free survival and overall
survival, and suggest that staging include
immunohistochemical testing (82); patients
with minimal residual tumor could then be
selected for additional therapy.

Another complicating factor is that pancre-
atic adenocarcinoma cells frequently bypass
initial draining lymph nodes and become estab-
lished in secondary sites, and small tumors are
not uncommonly associated with remote metas-
tases. Cancers of the body and tail are prone 
to peritoneal and hematogenous spread more
often than cancers of the head of the pancreas.
Ascites in a patient with known pancreatic
cancer generally implies peritoneal spread even
in the face of normal imaging.

Arterial occlusion is generally a relatively late
finding.

Comparison Studies

In patients with known or suspected pancreatic
carcinoma, introduction of helical CT led to a
greater sensitivity in establishing resectability
with this modality than with MRI, although
further advances in MR since then suggest that

Table 9.4. Tumor, node, metastasis (TNM) staging of exocrine
pancreatic tumors

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor limited to the pancreas 2 cm or less in 

greatest dimension
T2 Tumor limited to the pancreas more than 2 cm 

in greatest dimension
T3 Tumor extends beyond pancreas, but without 

involving celiac axis or superior mesenteric
artery

T4 Tumor involves celiac axis or superior 
mesenteric artery

Lymph nodes:
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
Nla Regional lymph node metastasis to a single 

lymph node
N1b Regional lymph node metastasis to multiple 

lymph nodes

Distant metastasis:
Mx Presence of distant metastasis cannot be 

assessed
M0 No distant metastasis
M1 Distant metastasis

Tumor stages: (check)
Stage IA Tl N0 M0
Stage IB T2 N0 M0
Stage IIA T3 N0 M0
Stage IIB T1–3 N1 M0
Stage III T4 any N M0
Stage IV any T any N M1

Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.
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MR is superior. A study in 1999 found that MRI
was significantly better than CT in assessing
resectability (83). Compared with CT, man-
gafodipir enhanced MR appears superior in
evaluating resectability and provides better
detection of small metastases (84). Useful MR
sequences include FSE, fat-suppression, T1-
weighted breath-hold gradient-echo FLASH and
pre- and postcontrast. Nevertheless, current
multislice CT achieves a diagnosis of unre-
sectability with a sensitivity of about 95% and
specificity of 85% (85), impressive results.

In detecting vascular involvement, CT
appears superior to endoscopic US. Postcontrast
thin-section CT appears superior to breath-hold
postcontrast MRI in detecting peripancreatic
vein, portal vein, or peripancreatic arterial inva-
sion (86). Color Doppler US detection of portal
vein invasion appears to be similar to that seen
with CT and angiography.

Computed Tomography

Traditionally, angiography was performed to
assess vascular encasement, although currently
CT is preferred. More recently, CT arterial por-
tography has been suggested as being superior
even to angiography in detecting encasement
but is not widely employed.

Preoperative optimized thin slice CT achieves
a sensitivity of about 90% in predicting unre-
sectability and a similar or better sensitivity and
specificity in assessing resectability. The current
major limitation of CT consists of undetected
small metastases to the liver and peritoneum
(87). CT arterial portography has been sug-
gested as being superior even to angiography 
in detecting encasement but is not widely
employed.

Postcontrast early-phase and late-phase CTs
study different entities. Arterial-phase CT
detects arterial encasement, while portal phase
is useful in determining portal vein and supe-
rior mesenteric vein involvement. Retroperi-
toneal invasion is better evaluated on early-
phase CT. Reconstructed 3D arterial phase data
are helpful if arterial encasement is suspected.
At times arterial invasion is seen simply as
vessel wall thickening. Most major vascular
involvement involves the portal vein and supe-
rior mesenteric vein, although narrowing can 
be due to either simply extrinsic impression or
direct tumor invasion. Using thin-section con-

trast-enhanced CT, if a fat plane or pancreatic
parenchymal tissue can be identified between 
a tumor and adjacent vessels, the tumor is
resectable without venous resection being nec-
essary; complicating matters, some veins adja-
cent to the pancreas are not surrounded by fat
and their encasement is difficult to detect. In
general, upstream dilation of small peripan-
creatic veins implies unresectability. Tumor
encasement of adjacent vessels implies vascular
invasion and generally connotes an inability to
resect with negative surgical margins. The
degree of circumferential peripancreatic vein
encasement by a tumor, as shown by thin-
section pancreatic-phase CT, aids in predicting
which patients have unresectable tumors (88).
Another sign suggesting unresectability is a
tethered, teardrop-shaped superior mesenteric
vein (teardrop sign) (89); together with other
findings, the presence of a teardrop-shaped
superior mesenteric vein increases sensitivity in
detecting unresectability. Splanchnic venous
invasion results in a delay in contrast washout
from the small bowel; these patients have
increased small bowel wall enhancement and a
decrease in portal vein enhancement compared
to those without invasion.

Multiplanar and 3D volume-rendered CT
techniques show promise in detecting vascular
involvement, although considerable intra- and
interobserver variability in tumor grading
exists, and these techniques are best used
together with axial images (90).

Infiltration of adjacent organs or adenopathy
implies unresectability, keeping in mind that
even an optimal CT technique is inherently
limited in detecting lymphatic involvement
unless a node is enlarged or contains a contour
abnormality. Computed tomography detects
only about half of nodal involvement, while
detecting liver metastases in 75% of patients
(91).

Ultrasonography

Endoscopic US aids in staging these tumors.
Endoscopic US suggests portal vein invasion if
an irregular venous wall outline, loss of wall
interface and proximity of tumor are detected.
Limitations of this technique include an inabil-
ity to assess direct tumor invasion into the
mesocolon and an inability to evaluate the effect
of peritumoral pancreatitis. Likewise, similar to
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other imaging modalities, although endoscopic
US detects lymph node enlargement, metas-
tases cannot be differentiated from benign 
lymphadenopathy.

Is color Doppler US useful for detecting vas-
cular involvement? Changes in portal vein blood
flow velocity are seen with tumor compression
or invasion. Resectability is suggested by lack of
tumor contact with major vessels as detected by
Doppler US. Likewise, vessel encasement
signifies unresectability. Problems are encoun-
tered in those patients with contact but no
encasement between tumor and vessel, and the
Doppler US results are mixed in suggesting
resectable.

The value of laparoscopic US in staging pan-
creatic cancers is still uncertain. At times
laparoscopic US detects liver metastases not
seen by other imaging modalities.

Intraportal endovascular US is feasible intra-
operatively via the superior mesenteric vein 
or preoperatively via a percutaneous transhep-
atic approach. Sensitivities and specificities
>90% can be achieved in detecting portal vein
invasion, and in select individuals such an
approach is potentially useful. Portal vein 
invasion is implied by obliteration of the portal
vein echogenic outline. Such an endovascular
approach has also been suggested for detecting
adjacent extrapancreatic nerve plexus invasion
(92).

Magnetic Resonance Imaging

Magnetic resonance studies available to evalu-
ate and stage pancreatic cancer include breath-
hold T1- and T2-weighted sequences, MRCP,
and breath-hold MRI using gadolinium and
mangafodipir contrast, at times in a 3D presen-
tation. Such an approach provides multiple
specific MR examinations, all obtained as part
of one study. Similar to other applications, MRI
preoperative staging depends on the magnet
field strength and scanning parameters used.
Evolving study parameters make predictions for
optimal tumor staging techniques unpre-
dictable. Different techniques appear advanta-
geous for gauging vascular invasion and
detecting adenopathy. One MR indication
appears to be in patients with inconclusive CT,
especially those with a CT finding of an inde-
terminate pancreatic head enlargement.

Both pre- and postcontrast MRI is useful in
staging. Precontrast T1-weighted images are
useful in evaluating peripancreatic tumor
extension, but tissue planes between tumor and
peripancreatic fat are not as well seen postcon-
trast; on the other hand, tumor margins and
surrounding vasculature are better identified on
postcontrast images (Fig. 9.18). Due to fibrosis,
MRI tends to overestimate vascular invasion.

A combination of conventional MR, 3D
MRCP, and venous and arterial MRA both detect
a cancer and can suggest unresectability due to
vascular invasion and identify any bile duct or
pancreatic duct obstruction.

Angiography

Currently arteriography is little used for staging
pancreatic cancer. Angiography tends to over-
estimate tumor invasion.

Theoretically, percutaneous transhepatic por-
tography and intravascular US hold promise in
evaluating portal and superior mesenteric vein
involvement by tumor, but preliminary results
reveal high false positive and negative rates 
(93); also, these procedures are not without
significant complications.

Therapy

Therapy for pancreatic ductal adenocarci-
noma can be divided into attempted cure and
palliation.

Resection

Some of the reported survival rates after resec-
tion of pancreatic carcinoma are rather opti-
mistic and need to be placed in a proper
perspective. Little consistency in reporting sur-
vivors is evident in the literature, reported
patient selection bias exists and some studies do
not exclude cystic and neuroendocrine tumors
with their more favorable survival. In particu-
lar, 5-year survival rates of about 30% after
resection should be viewed critically. The
overall survival rate is probably <1% and, in
spite of some reports, resection does not have
any discernible impact on patient survival.

The pros and cons of preoperative biliary
drainage in a setting of obstructive jaundice are
discussed in Chapter 8.
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Pancreaticoduodenectomy (Whipple proce-
dure) is performed for cure in selected patients
with a carcinoma in the head of the pancreas.
Even the presence of lymph nodes metastases 
is no longer considered a contraindication to
resection by some surgeons. The postoperative
survival in patients with extrapancreatic neural
plexus involvement is significantly lower than in
those without such involvement.

The immediate surgical mortality and mor-
bidity rates have been decreasing, and some 
surgeons are performing more radical opera-
tions. In addition to a Whipple procedure,
some surgeons are dissecting lymph nodes 
and excising retroperitoneal nerves. If neces-
sary, portal vein resection and even resection 

of adjacent arteries are performed. Such aggres-
sive surgical approaches appear to prolong 
survival.

The Whipple procedure consists of resection
of the head of the pancreas, adjacent duodenum
and gastric antrum, and three anastomoses—
choledochojejunostomy (or hepaticojejunos-
tomy), pancreaticojejunostomy (or pancreatico-
gastrostomy), and a gastrojejunostomy. Any one
of these may leak, although the pancreaticoje-
junostomy site is more prone to disruption than
other anastomoses and thus some surgeons
prefer a pancreaticogastrostomy. Others dis-
agree and believe that the risk of fistula forma-
tion is comparable with the two anastomoses
(144). Also, some surgeons prefer to leave the

Figure 9.18. Pancreatic adenocarcinoma and liver metastasis.The
tumors are (A) hypointense on T1– (arrows) and (B) hyperintense
on T2–weighted MR images. C: Marked peripheral enhancement
is evident after IV contrast. Lack of central enhancement suggests
necrosis. (Source: From Burgener FA, Meyers SP, Tan RK, Zaunbauer
W. Differential Diagnosis in Magnetic Resonance Imaging.
Stuttgart: Thieme, 2002, with permission.)
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antrum intact and perform a duodenojejunos-
tomy, a variant known as a pylorus-preserving
Whipple procedure.

Complications encountered after a Whipple
procedure include adjacent abscess formation,
breakdown at one of the anastomoses with
fistula formation, gastric outlet obstruction, and
pancreatitis. A pancreatic fistula typically man-
ifests as prolonged pancreatic fluid drainage
from one of the drain sites, and in this setting it
is worthwhile performing fistulography using
one of the surgical drains close to the pancre-
atic anastomosis. The pancreaticojejunostomy
cannot be readily imaged directly. Most pan-
creatic fistulas tend to close spontaneously.
Less common, and less serious, is leakage at a
choledochoenteric site. Of note is that bile
leakage usually also occurs in those patients
who have pancreatic leakage. Delayed gastric
emptying is a common finding after a pylorus-
preserving pancreaticoduodenectomy. Imaging
should detect most complications. Delayed
gastric emptying tends to resolve within several
months. In a number of patients diabetes
appears or deteriorates after surgery.

A postoperative T-tube cholangiogram eval-
uates the bilioenteric anastomosis while a con-
trast upper gastrointestinal examination detects
enteric perforation and gastric outlet obstruc-
tion. Computed tomography is generally the
procedure of choice for a suspected postopera-
tive abscess; also, postoperative distortion and
fibrosis make later CT interpretation difficult
and a baseline study is thus very helpful.

Computed tomography commonly detects
small fluid collections in the surgical field. Most
of these resolve spontaneously and do not
require aspiration unless an infected site is 
suspected.

Chemotherapy/Radiotherapy

In a setting of unresectable pancreatic cancer,
chemotherapy is rarely employed, although 
an occasional prolonged survival has been
reported. Some of these tumors shrink after
chemotherapy or radiotherapy, although tumor
size is difficult to measure with imaging.

Preliminary results with immunochemother-
apy combined with resection show a higher
response rate than to surgery alone.

Pancreatic adenocarcinomas are relatively
radioresistant, and a dose of >50 Gy is necessary,

resulting in high morbidity with external beam
radiotherapy. High-dose intraoperative radio-
therapy provides palliative pain relief, but a 
high prevalence of distant metastases in most
patients precludes a cure even in patients with
a curative resection.

Median survival for patients with unre-
sectable pancreatic adenocarcinoma treated
with neutron irradiation was 6 months, while
median survival for patients with neutron irra-
diation plus chemotherapy was 9 months (94);
actuarial survival rates at 3 years were 0 and 
7%, respectively, and the authors concluded that
neutron irradiation obliterates pancreatic
cancer at the primary site but does not change
long-term survival.

Palliation

Either early or late biliary obstruction is a
common feature of most pancreatic head carci-
nomas. Therefore, if the cancer is deemed unre-
sectable, surgical palliation consisting of a
bilioenteric anastomosis and a gastric bypass
(gastrojejunostomy) is performed by some sur-
geons, although high morbidity and often a lack
of life prolongation make such an approach
questionable. With no surgery planned, either
percutaneous or endoscopic stenting is an 
alternative (Fig. 9.19). Stenting can control
jaundice, but it should be kept in mind that, in

Figure 9.19. Biliary stent in a patient with pancreatic 
carcinoma. (Courtesy of David Waldman, M.D., University of
Rochester.)
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general, jaundice per se is not an indication for
therapy; uncontrolled pruritus is. Generally
endoscopic biliary drainage is performed if the
intrapancreatic portion of the bile duct is
obstructed. A percutaneous approach is avail-
able with endoscopic failure or a more proximal
obstruction.

An unresectable pancreatic head carcinoma
tends to invade and eventually obstruct the
duodenum. Relative merits of palliation versus
resection are still debated. Some of these duo-
denal obstructions can be palliated with self-
expandable duodenal endoprostheses; the
commonly associated bile duct obstruction
must also be addressed. Patients undergoing
operative palliation for unresected ductal ade-
nocarcinoma achieve a one-year survival of
about 20%; to put this in perspective, the oper-
ative mortality rate after either resection or pal-
liative bypass can be >10% and the relative
merits of palliation versus resection are still
debated.

Pancreatic carcinomas tend to invade the
adjacent portal vein and lead to portal hyper-
tension, with its associated complications.
Stents placed across stenotic or occluded 
veins during percutaneous transhepatic por-
tography led to a decrease in mean portal
venous pressure (95); stent patency was consid-
erably greater in patients without splanchnic
venous invasion than in those with splanchnic
involvement.

Moderate to severe pain is a common 
feature of a pancreatic carcinoma. If medical
management of pain is insufficient, percuta-
neous celiac axis plexus blockade should be
considered.

Metastasis

Hepatic metastases are common in patients
with pancreatic ductal carcinoma; normally
pancreatic veins drain into the portal vein, and
this would explain why the liver is the most
common site for metastasis. In a minority of
patients pulmonary metastases and other
hematogenous metastases are found without
hepatic metastases. The reasons for such 
occasional odd metastatic distribution are 
speculative, but possibly include hepatofugal
portosystemic shunting. Practically, pancreatic
metastases occur throughout the body. An occa-
sional cutaneous metastasis is encountered,

most often at the umbilicus, and a metastatic
skin lesion has been a first manifestation of pan-
creatic cancer.

In patients with pancreatic cancer who had
no distant metastases at surgery, follow-up CT
and autopsy revealed that 60% developed local
recurrence, 52% liver metastases, and 32% both
(96).

Other Carcinomas

Encountered occasionally are poorly differenti-
ated carcinomas that defy classification. Their
imaging findings vary. Some even mimic a pan-
creatic neuroendocrine tumor.

Adenosquamous Carcinoma

Adenosquamous and squamous carcinomas 
are rare in the pancreas. Clinically they 
behave similarly to a ductal adenocarcinoma.
An adenosquamous or squamous carcinoma
typically presents as a large, cystic tumor. Mul-
tiple calcifications have developed. Computed
tomography reveals contrast enhancement,
and, overall, imaging suggests a mucinous 
cystadenocarcinoma. Thus a typical appearance
is a hypodense, fluid-filled tumor surrounded
by calcifications.

Small Cell Carcinoma

Although the rare pancreatic small cell carci-
noma has a poor prognosis, its importance lies
in its favorable response to chemotherapy. Some
small cell carcinomas are cystic and contain a
hypervascular rim; late-phase contrast CT
reveals tumor staining. US reveals the cystic
regions, consisting of necrotic tumor and hem-
orrhage, to be mostly hypoechoic. Imaging
findings suggest a hypervascular pancreatic
tumor.

Pleomorphic Carcinoma (Sarcomatoid
Carcinoma)

A pancreatic giant cell carcinoma, also known
as sarcomatoid carcinoma or pleomorphic car-
cinoma, is a rare, highly aggressive variant
having characteristic histologic features. In dis-
tinction to a more common carcinoma, the
giant cell variety often results in massive lym-
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phadenopathy and extensive liver involvement.
Its relationship to more common adenocarcino-
mas is not known. These tumors have a poor
prognosis.

These tumors have a sarcoma-like growth
pattern and contain mono- and multinucleated
tumor giant cells. Necrosis and hemorrhage 
are common. Immunohistochemical study of
a mixed pancreatic giant cell tumor revealed
osteoclastic and pleomorphic type giant cells
together with ductal adenocarcinoma (97); the
authors believe this tumor is a carcinosarcoma-
like neoplasm containing both epithelial and
mesenchymal components.

Imaging usually shows a large, well-
marginated, and hypervascular tumor.

Hepatoid Carcinoma

A hepatoid carcinoma, consisting of histologic
evidence of hepatocytic differentiation, bile
production, and elevated a-fetoprotein levels, is
rare in the pancreas. One was part of an islet cell
glucagonoma, while another one was part of a
pancreatic duct carcinoma (98).

Pancreaticoblastoma

A pancreaticoblastoma is a tumor of childhood,
only rarely detected in adults. In children, most
pancreatic neoplasms are of acinar origin,
rather than ductal as in adults. In distinction to
children, prognosis is poor in affected adults,
but even in children some of these tumors are
aggressive, invade adjacent vessels, infiltrate
surrounding structures, and metastasize (99).

A pancreaticoblastoma has a distinct histo-
logic appearance. Both solid and cystic compo-
nents are common. Hemorrhage, necrosis, and
calcification develop in some. These tumors are
rather complex and at times both neuroen-
docrine and mesenchymal cells are present.
Some consist of tubular gland-like structures,
squamoid components and small round cells,
with the latter suggesting neuroendocrine cells
having an origin from primitive multipotential
stem cells with exocrine and neuroendocrine
differentiation.

Most pancreaticoblastomas are located in the
head of the pancreas and are large at the initial
presentation. Some are associated with elevated
serum a-fetoprotein level. They usually metas-
tasize to liver.

Computed tomography in 10 patients (age
range, 2 to 20 years) with pancreaticoblastomas
identified heterogeneous (nine of 10) enhancing
(10 of 10) tumors with well-defined margins
(nine of 10) (100); two contained calcifications.
An MRI of three of these tumors revealed hypo-
to isointense signal on T1- and hyperintense
signal on T2-weighted images. Postcontrast,
some of these tumors are multiloculated and
contain septations. Ultrasonography reveals a
mixed hyperechoic solid tumor.

Lymphoma/Leukemia

Both lymphoma and leukemia involve the pan-
creas, and either a localized tumor or a diffusely
enlarged pancreas is evident to the point of
obstructive jaundice. Rarely, lymphoma is 
confined to the pancreas and a pancreatic
malignancy and pancreatitis are then in the dif-
ferential diagnosis. In particular, pancreatic
lymphoma mimics atypical chronic pancreati-
tis, such as autoimmune pancreatitis. While a
positive percutaneous biopsy in these patients
establishes the diagnosis, a negative biopsy is
nondiagnostic; also, a biopsy is usually not per-
formed in patients with clinically suspected
pancreatitis.

Computed tomography in pancreatic non-
Hodgkin’s lymphoma reveals a homogeneous
hypodense pattern with mild contrast enhance-
ment (61); necrosis or calcifications are not
evident in either the diffuse or nodular forms.
Adjacent lymph nodes may or may not be
involved. A characteristic of primary pancreatic
lymphoma is that, even when extensive, it tends
not to obstruct the pancreatic duct, and thus
ductal dilation is not present (101); this is in dis-
tinction to the more common adenocarcino-
mas, which commonly obstruct the pancreatic
duct.

Adult T-cell leukemic infiltration led to a dif-
fusely swollen pancreatic body and tail,
identified by CT and US (102); a biopsy
confirmed leukemic infiltration, and a Southern
blot analysis revealed human T-cell lym-
photropic virus type I (HTLV-I) proviral DNA
both in pancreas and peripheral blood.

Plasmacytoma

Major pancreatic involvement with multiple
myeloma is uncommon. Multiple myeloma pre-
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senting as a pancreatic tumor and causing 
jaundice is rare, with pancreatic involvement
often being a preterminal event. Computed
tomography identifies a homogeneous solid
tumor; the appearance mimics lymphoma. In
some patients even a biopsy can confuse multi-
ple myeloma with lymphoma.

Sarcoma

Primary sarcomas are rarely encountered in the
pancreas. They tend to be rather aggressive. A
differential problem is to exclude pancreatic
invasion by mesenchymal tumors originating in
other extraperitoneal structures.

A rare primary pancreatic malignant fibrous
histiocytoma (103) and malignant mesothe-
lioma (104) have been reported. Computed
tomography and US simply detect a large tumor.
About 70% of malignant fibrous histiocytomas
have alterations in the p53 tumor-suppressor
gene, a finding generally associated with a poor
prognosis.

A pancreatic undifferentiated (anaplastic)
carcinoma was associated with a sarcomatous
spindle cell component and a cyst composed of
epithelial tumor cells (105); metastases were
present in the liver and lymph nodes.

Metastases to Pancreas

A number of distant sources, including hepato-
cellular, lung, breast carcinoma, melanoma,
and osteosarcoma metastasize to the pancreas.
Probably most common is a renal cell carci-
noma, at times being a solitary focus. The time
interval between nephrectomy and detection of
a pancreatic metastasis can be years.

Even if detected by imaging, most pancreatic
metastases cause few symptoms and are over-
shadowed by symptoms referable to the
primary tumor or other metastatic sites. Endo-
scopic US identifies most metastases as hypo- to
isoechoic to pancreatic parenchyma, homoge-
neous, round, and well circumscribed—an
appearance different from that seen with 
most primary pancreatic carcinomas; only an
occasional metastasis has a heterogeneous
appearance and indistinct margins mimicking 
a primary pancreatic carcinoma or focal pan-
creatitis.

In general, the CT and MR appearance of a
pancreatic metastasis parallels that seen with

the primary tumor. Renal metastases range
from solitary to multiple tumors or diffuse pan-
creatic enlargement. Thin-section three-phase
postcontrast CT of nine patients with metasta-
tic renal cell carcinoma revealed conspicuous
early enhancement (106). They are hypointense
compared to the normal pancreas on T1- and
hyperintense on T2-weighted images. Smaller
metastases show immediate postcontrast
images enhancement and larger ones have rim
enhancement.

A metastasis rather than a primary tumor
should be suspected in a patient with a known
malignancy and a new solitary pancreatic
tumor. Nevertheless, most of these patients
require a biopsy for confirmation.

Cystic Neoplasms
Clinical

The most common cystic pancreatic lesions are
pseudocysts, followed by cystic neoplasms and
true pancreatic cysts. Rarer causes of pancreatic
cysts include a cystic teratoma, lymphoepithe-
lial cyst, and a cystic lymphangioma. The
importance of cystic pancreatic neoplasms lies
in their considerably better prognosis compared
to that of adenocarcinomas. Nevertheless, more
than one cystic tumor has been either drained
or anastomosed to the stomach in a mistaken
belief that it represents a pseudocyst, often with
dire consequences.

The current classification of cystic pancreatic
neoplasms is somewhat arbitrary. Overall,
only a minority of cystic neoplasms are 
malignant. Undoubtedly an occasional cystic
endocrine carcinoma is misclassified among
these tumors. Pathologists generally differenti-
ate these neoplasms along immunohistochemi-
cal lines. Some have questioned whether these
tumors are indeed a separate definable entity
and believe that most should be classified
among more conventional glandular and acinar
origin neoplasms. Most of these neoplasms are
divided into two basic types: microcystic ade-
nomas (previously called serous cystadenomas)
and mucinous cystic (or macrocystic) neo-
plasms. The distinction is important, because
the former are benign while the latter include
both mucinous cystadenomas and cystadeno-
carcinomas.
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A familial association between autosomal-
dominant polycystic kidney disease and cys-
tadenocarcinoma of the pancreas and liver was
reported in one family (107).

Most patients with cystic pancreatic neo-
plasms have abdominal pain. Weight loss, jaun-
dice, and an abdominal tumor, at times large, are
the presenting clinical findings, although some
tumors are discovered in an asymptomatic
patient. Complications encountered include
obstruction of adjacent gastrointestinal struc-
tures, perforation, and hemorrhage.

Cyst fluid analysis aids in differentiating
pseudocysts from neoplasms (Table 9.5).
Amylase level was >16,000 international units
(IU) per milliliter in 13 out of 14 pseudocysts
and <83 IU/mL in seven of eight cystic neo-
plasms (108). In general, a pancreatic cyst asso-
ciated with an elevated serum CA 19-9 level or
elevated CA 72-4 cyst fluid level should be 
considered a neoplasm. Positive cytology is
diagnostic.

Imaging

A majority of cystic neoplasms are either par-
tially or almost completely cystic, yet even in the
latter most but not all have a solid component,
a finding not present in a pseudocyst. A minor-
ity communicate with the pancreatic ducts. An
occasional one develops a pancreaticoenteric
fistula.

Computed tomography is often the diagnos-
tic modality of choice in preoperative evalua-
tion of these cystic tumors, yet the published
results provide limited guidance. Imaging
appears rather limited in distinguishing among
a microcystic adenoma, a mucinous cystade-
noma, and a mucinous cystadenocarcinoma
(Fig. 9.20). On the other hand, the presence of
cysts <2 cm points toward a serous tumor, and
peripheral tumoral calcifications are associated
with mucinous tumors (109).

These tumors are readily misdiagnosed as
pseudocysts by both CT and conventional US,
and less so by endoscopic US. Endoscopic US of
52 pancreatic solitary cystic tumors, consisting
of benign and malignant cystic neoplasms and
nonneoplastic cysts, found that all neoplasms
have a thick wall, tumor protrudes into the
cysts, any septa present are thick, or the cysts are
small (110); nonneoplastic cysts, on the other
hand, contain thin septa or the cysts are simple.

Magnetic resonance signal intensity is of
limited use in distinguishing among various
cystic neoplasms, which are hypointense on T1-
and hyperintense on T2-weighted images. They
show little or no postcontrast enhancement.

Table 9.5. Pancreatic cyst fluid analysis

Carcinoembryonic antigen (CEA) levels
High in mucinous cystadenomas and

cystadenocarcinomas
Low in pseudocysts and serous cystadenomas

CA 19–9 tumor marker values
High in ductal carcinomas and mucinous cystic

neoplasms
Low in pseudocysts
Variable in serous cystadenomas

CA 72–4 tumor marker values
High in mucinous cystic neoplasms
Low in pseudocysts

CA 125 tumor marker values
High in mucinous adenocarcinomas
Low in pseudocysts
Variable in serous and mucinous cystadenomas

Fluid amylase and lipase levels
Generally high in pseudocysts
Low in cystic tumors

Cyst fluid relative viscosity
High in mucinous tumors
Low in pseudocysts and serous cystadenomas

Cytology
About 50% sensitivity in detecting malignant cysts

Figure 9.20. Cystic pancreatic acinar carcinoma, with most of
the tumor located adjacent to pancreas (arrows).



546

ADVANCED IMAGING OF THE ABDOMEN

Microcystic (Serous) Neoplasm

Clinical

Microcystic neoplasms invariably are benign,
with only a few malignant ones reported. In 
distinction with their mucinous counterpart,
microcystic adenomas are not considered pre-
malignant, with rare exceptions. Most of these
tumors, also called serous cystadenomas, are
well encapsulated and nodular and contain
numerous small cysts and septa. The cysts 
are filled with serous fluid and contain little
mucin.

Some authors believe the term microcystic
serous adenoma is too limiting and that a
macrocystic variant of the same neoplasm
exists; the term serous cystadenoma is thus used
for both morphologic variants. Nevertheless, the
term macrocystic serous tumor is useful; these
tumors are often misdiagnosed as either muci-
nous cystic neoplasms or pseudocysts. In fact,
some tumors are misclassified even with intra-
operative frozen section. Serum tumor markers
with macrocystic serous tumors tend to be
normal, although CA 125 and CA 19-9 are ele-
vated in the cyst fluid in some of these tumors
(111). The macrocystic variant of serous
adenoma consists of a small uni- or bilocular
cyst containing a thin wall without any mural
nodules (112); these are indistinguishable from
mucinous cystic tumors.

A rare variant is a histologically solid serous
cystadenoma with cytologic, histochemical, and
immunohistochemical features indistinguish-
able from a typical serous cystadenoma.
Whether such a pancreatic tumor is a separate
pathologic entity is debatable.

Symptomatic patients tend to have a large
tumor, with symptoms presumably due to com-
pression of adjacent structures. Smaller tumors
often are detected incidentally. An occasional
microcystic adenoma having a sponge-like 
consistency will almost entirely replace the 
pancreas.

Imaging

A majority of microcystic (serous) neoplasms
contain many small cysts, a minority consist of
larger cysts (macrolacunar) and a minority are
mixed; imaging can suggest the diagnosis in a
majority of the small and mixed cystic variety,
but the larger cystic tumors are indistinguish-

able from other pancreatic cysts by either CT
(Fig. 9.21) or MR (Fig. 9.22).

Some of these tumors containing small cysts
have a “honeycomb” appearance on imaging. At
times the cysts are sufficiently small to suggest
a solid tumor (Fig. 9.23). A central scar with
radiating septa is evident in some, and occa-
sionally sunburst-like calcifications are detected
in the central scar. In some, thin septations
enhance on immediate postcontrast images.
Any solid component also enhances.

Even when large, these benign tumors tend
not to obstruct the pancreatic duct. Also, only 
a small minority of serous cystadenomas com-
municate with the pancreatic duct. An occa-
sional microcystic adenoma is sufficiently large
to compress and occlude the splenic vein, result-
ing in hepatopetal collaterals via gastric fundal
varices.

Mucinous Cystic Neoplasms

Clinical

A distinction is often made between mucinous
cystic neoplasms and intraductal mucinous
tumors—a tenuous and somewhat arbitrary
differentiation based more on clinical and 
radiologic findings and tumor location than on
pathologic grounds (113). From a simplistic
viewpoint, mucinous cystic neoplasms do not
communicate with the pancreatic ducts while
intraductal mucinous tumors do communicate.
Yet even this definition is not satisfactory. Most
mucinous cystic neoplasms consist of a cystic
septa-containing tumor and no pancreatic duct
dilation unless obstructed by the tumor, while
intraductal papillary mucinous tumors are
small and lobulated—assuming they are visual-
ized at all—and a major finding with them is a
dilated main or branch pancreatic duct contain-
ing exuberant mucus.

Mucinous cystic neoplasms of the pancreas
range from benign (cystadenoma) to malignant
(cystadenocarcinoma), with an occasional
tumor labeled borderline malignant. A cystade-
noma is considered to be premalignant. These
tumors range from unilocular to multilocular
and their size varies considerably; their cavities
are filled with mucin. Pancreatic body and tail
are preferred sites. The malignant variety quite
often obstructs the pancreatic duct. Tumor 
aspiration usually simply reveals mucin. A pre-
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ponderance of these neoplasms occurs in
middle-aged women.

A not uncommon occurrence is a cystadeno-
carcinoma initially misdiagnosed as a pseudo-
cyst and the cyst then marsupialized to the

stomach (Fig. 9.24); the tumors true nature is
realized only later when liver metastases are
detected.

A review of patients with this tumor revealed
an overall 5-year survival rate for resectable

Figure 9.21. Three patients with pancreatic microcystic adeno-
mas. A: Postcontrast CT identifies a mostly water density cystic
tumor contained multiple septa and a thick rim in the pancreatic
tail (arrow). B: This cystic neoplasm also contains septa and a thick
rim (arrow). Other images revealed an obstructed splenic vein and
numerous gastric fundal collateral veins. C: Microcystic adenoma
in the pancreatic head and body (arrow).(Courtesy of Patrick Fultz,
M.D., University of Rochester.) C

BA

Figure 9.22. Microcystic adenoma. A: Coronal T1-weighted MR image reveals a pancreatic cyst (arrows). B: It does not enhance after
contrast (arrow). (Source: From Burgener FA, Meyers SP, Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic Resonance Imaging.
Stuttgart: Thieme, 2002, with permission.)
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ones of 83%, and for those with infiltration
limited to the pancreatic parenchyma, 74%; but
this survival rate is only 28% if infiltration
extends to other organs (114).

Imaging

Imaging reveals one or more cysts; typically
these cysts are fewer but larger than seen with

serous tumors (Fig. 9.25). Ultrasonography
reveals a unilocular or, more often, a multilocu-
lar anechoic tumor, with tumor excrescences
and debris modifying this appearance. Endo-
scopic US better evaluates their complex struc-
ture. Thus the number of cysts and cyst size are
useful criteria in differentiating between the
microcystic (serous) and macrocystic (muci-
nous) tumors. Using criteria that a mucinous-
cystic neoplasm should contain fewer than six
cysts having a diameter of >2 cm, out of 17
mucinous cystadenomas and cystadenocarcino-
mas US correctly diagnosed 88% (115).

Soft tissue nodules project into some of these
cysts. Septations tend to be thicker than those
seen with microcystic neoplasms. An occasional
tumor develops calcifications that are seen 
with both benign and malignant tumors. Local
invasion is evident with some carcinomas.
Occasionally these tumors are first detected
through liver metastases. Thus a large calcified
tumor in the body and tail occasionally mani-
fests its malignant nature with multiple liver
tumors.

An MRI identifies multilocular or unilocular
cysts having a relatively thick wall (Fig. 9.26).
The cysts tend toward hyperintensity on T1-
weighted sequences, presumably due to their
high mucin content, and are, as expected for
nonflowing fluid, hyperintense on T2-weighted
images. Those tumors containing more mucin
have a higher MR T1-weighted signal intensity
than those containing more watery fluid;
tumors containing gelatinous mucin tend to be

Figure 9.23. Microcystic adenoma. Transverse US (A) and CT (B) identify a tumor in the pancreatic head (arrowhead) (a, superior
mesenteric artery; v, vein). (Source: From Yeh HC, Stancato-Pasik A, Shapiro RS. Microcystic features at US: a nonspecific sign for 
microcystic adenomas of the pancreas. RadioGraphics 2001;21:1455–1461, with permission from the Radiological Society of North
America.)
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Figure 9.24. Pancreatic cystadenoma (arrows) communicating
with stomach. This patient was believed to have a pseudocyst,
which was anastomosed to the stomach.
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Figure 9.25. Mucinous cystadenoma. A: Transverse US identifies
multiple pancreatic cysts (arrow), including one in the tail (arrow-
head) (A, aorta; V, vena cava). B: CT reveals superior mesenteric
artery (a) and vein (v) encased by tumor. C: A scan inferior to that
in part B identifies a pancreatic tail cyst (arrowhead) (a, aorta; v,
vena cava). (Source: From Yeh HC, Stancato-Pasik A, Shapiro RS.
Microcystic features at US: a nonspecific sign for microcystic ade-
nomas of the pancreas. RadioGraphics 2001;21:1455–1461, with
permission from the Radiological Society of North America.)C
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Figure 9.26. Mucinous cystic adenocarcinoma. A: A contrast-enhanced MRI reveals a tumor containing solid and cystic components
(arrows).B: Magnetic resonance angiography (MRA) identifies a narrowed superior mesenteric vein (arrow),patent portal vein (arrow-
heads) and nonvisualization of an occluded splenic vein. (Source: From Burgener FA, Meyers SP, Tan RK, Zaunbauer W. Differential 
Diagnosis in Magnetic Resonance Imaging. Stuttgart: Thieme, 2002, with permission.)

A B
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malignant, while those containing more watery
fluid tend to be benign. The cysts do not
enhance postcontrast.

Benign and malignant tumor varieties have a
similar imaging appearance, although thick
septa and nodularity point toward malignancy.
Invasion of adjoining structures or metastasis
signifies malignancy.

An FDG-PET detected only 59% of 22 muci-
nous carcinomas, with an inverse correlation
with the amount of tumor mucin (116).

Intraductal Mucin-Producing Tumors

Clinical

One uncommon type of a mucinous tumor orig-
inates from the pancreatic ducts. These tumors
have been called mucinous ductal ectasia, duct
ectatic mucinous cystic tumor, intraductal
hypersecreting neoplasm, mucin-hypersecreting,
ductal papillary adenoma or adenocarcinoma,
intraductal adenomatosis, intraductal papillary
mucinous tumor, diffuse papillomatosis, and the
currently generally preferred term of intraduc-
tal mucin-producing tumor. As already noted,
most authors differentiate them from muci-
nous-cystic neoplasms discussed in the previ-
ous section. Whether these intraductal papillary
mucinous tumors are a variant of pancreatic
mucin-producing cystic neoplasms or a sepa-
rate entity is conjecture (Fig. 9.27). Likewise, a

relationship of these tumors to papillary cystic
(embryonal) neoplasms (discussed in a later
section) is not clear.

A slight male predominance was evident
among 22 patients at the Endocrine Tumor Reg-
istry of the Armed Forces Institute of Pathology,
with a mean age at presentation of 64 years
(117), findings in distinction to mucinous-cystic
neoplasms, which occur mostly in middle-aged
women. Pain is a common presentation, often
suggesting pancreatitis. Complicating the issue,
associated pancreatitis is common. Up to one
third of these patients develop diabetes.

Anecdotal reports describe a second 
pancreatic primary tumor or even a hilar
cholangiocarcinoma.

An intraductal papillary mucinous tumor is a
rare cause of pseudomyxoma peritonei (118).

In the Armed Forces Institute of Pathology
study, only two of 22 patients died of this disease
(117); aside from three operative deaths and
three deaths from other causes, the remaining
patients were alive without evidence of disease
an average of 58 months after presentation.
Patients with an exclusively intraductal tumor
do well after resection, but those with an inva-
sive adenocarcinoma have a poor prognosis.
Patients with mucus-filled dilated ducts but
without a detectable tumor have had endoscopic
sphincterotomy to relieve pain and then were
followed by imaging, but in view of the uncer-
tainty for malignancy, even with a biopsy in
hand, many of these tumors are resected with a
wide margin, at times consisting of a pancreati-
coduodenectomy. If they are not corrected,
eventual pancreatic atrophy of the obstructed
segments ensues.

Pathologic Findings

Not all of these tumors are neoplastic in origin.
Histologically, these tumors range from hyper-
plasia, dysplasia, and adenoma, to mucin-
hypersecreting carcinoma and various interme-
diate combinations. A villous structure is
common. Papillae lined by columnar epithelium
contain varying degrees of epithelial dysplasia,
often with an adjacent adenocarcinoma. A
benign tumor probably is at risk of malignant
transformation. Histologically, these tumors
share a number of characteristics with colorec-
tal villous adenomas.

Figure 9.27. Illustration of an intraductal mucin-producing
tumor obstructing the main pancreatic duct (arrow) and a 
secondary branch (arrowhead). In both instances obstruction
results in dilated ducts. The ducts of Santorini and Wirsung are
shown to be communicating.
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Some of these tumors are positive for p53
protein and K-ras mutations. p53 overexpres-
sion increases with tumor grade, which is in 
distinction to solid pancreatic cancers, which
exhibit no change for tumor grade. Alterations
of these two genes occur in hyperplasia, dyspla-
sia, and carcinomas, and presumably represent
early changes in tumor evolution.

The benign variety tend to communicate with
secondary branches, while malignant ones more
often involve the main pancreatic duct, but a
distinction between benign and malignant
tumors is difficult at best. Most of these tumors
are small, grow slowly, and produce exuberant
mucus. Serum tumor markers do not aid in dif-
ferentiating benign from malignant tumors.

Imaging

The hallmark of these tumors is a dilated pan-
creatic duct and increased amounts of intralu-
minal mucin; the tumor either fills the duct
lumen or, less often, lines the lumen. A location
in the head of the pancreas is most common
(117). With tumors originating in the main 
pancreatic duct, this duct is considerably more
dilated with malignant tumors (119); segmental
dilation is common with benign tumors. Even
with a tumor located in a secondary duct, the
main pancreatic duct often dilates due to excess
mucus and resultant obstruction, although 
dilation generally is less than with main duct
tumors. With some, endoscopy reveals viscid
mucin draining from a patulous ampulla in a
bulging papilla of Vater (Fig. 9.28). During ERCP
an intraductal tumor is often too small to be
visualized directly or is obscured by adjacent
thick mucus, although fixed filling defects
should suggest a malignant tumor.

Computed tomography signs of malignancy
are the presence of a solid tumor, a main pan-
creatic duct diameter >10 mm, a diffuse or 
multifocal tumor, and calcified intraluminal
contents (120); of note is that in some of these
patients, the CT-histopathologic correlation of
duct involvement, lesion location, and presence
of malignancy is poor. Computed tomography
reveals frond-like projections in an occasional
tumor. Larger tumors are detected with both
thin-section CT (121) and MRCP (122). At times
intraductal content contains calcifications.

Intraductal US, using a frequency of 20 or 
30 mHz, aids in outlining tumor extent and

parenchymal invasion. In branch duct tumors
intraductal US appears superior to endoscopic
US in identifying mural nodules.

Magnetic resonance cholangiopancreatogra-
phy is evolving as the imaging procedure of
choice to evaluate these tumors, at times pro-
viding more information than does ERCP (Fig.
9.29). An MRCP detects dilated main and sec-
ondary ducts better than ERCP (123); intra-
luminal nodules, on the other hand, are often
better defined by ERCP. Pancreatography reveals
duct dilation, often with numerous noncalcified
intraluminal filling defects or obstruction and
excess mucus. The ducts tend to be blocked to
retrograde flow of contrast.

Imaging differential diagnosis includes
chronic pancreatitis, other cystic neoplasms, or
even pancreatic duct obstruction and secondary
dilation due to a stone or adenocarcinoma. Like-
wise, although CT, US, and pancreatography can
suggest a diagnosis of an intraductal tumor,
imaging cannot reliably differentiate malignant
from benign tumors.A large tumor and involve-
ment of pancreatic parenchyma suggest a ma-
lignancy. Also, excrescent nodules are more
common with a malignancy.

Oncocytic Tumors

A pancreatic intraductal oncocytic papillary
neoplasm consists of mucin-filled cysts con-

Figure 9.28. Pancreatitis, pseudocyst (arrows) and probable
mucinous cystic pancreatic head tumor (arrowheads) in an 83-
year-old woman.Calcifications are present within the tumor.The
pancreatic duct is dilated and the tumor prolapses into the duo-
denum. ERCP also identified a prolapsing papilla. No biopsy or
resection were performed. (Courtesy of Patrick Fultz, M.D.,
University of Rochester.)
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taining nodular papillary outpouchings. Some
of these tumors communicate with dilated pan-
creatic ducts. The cysts probably represent
dilated ducts. The papillary component consists
of a fibrovascular core lined by stratified onco-
cytic cells. Although these tumors are intraduc-
tal, some become invasive.

Whether these tumors represent a separate
entity, are part of the spectrum of intraductal
mucinous tumors, or are papillary cystic neo-
plasms is conjecture.

Papillary Cystic Neoplasms 
(Embryonic Tumor)

The classification and terminology of papillary
cystic neoplasms of the pancreas is still evolv-
ing. These tumors are also called solid and 
papillary epithelial neoplasms, solid and cystic
tumors of the pancreas, and Frantz’s tumors in
some European literature. In the older literature
a number of these tumors were labeled as non-
functioning islet cell tumors, and the differences
between these two entities are not clear. Some
postulate that these papillary cystic neoplasms
originate from pleuropotential embryonic stem
cells, and thus the term pancreatic embryonic
tumor is preferred by some.

Most papillary cystic tumors of the pancreas
occur in young women, with an occasional one
encountered in a teenager. Most of these tumors
are large, well circumscribed, and locally inva-

sive. They are considered either benign or low-
grade malignant. Aggressive ones tend to be
larger and have a thicker capsule. Of interest is
that a number of these patients developing
metastases, including peritoneal carcinomato-
sis, had prior trauma (124).

In 53 women and three men (mean age at
diagnosis, 25 years) with proven papillary cystic
neoplasms of the pancreas, the mean tumor
diameter was 9.0 cm; they were located in the
tail (n = 30), head (n = 18), and body (n = 8); and
all tumors contained either hemorrhage or
cystic degeneration, ranging from solid friable
tumor to gelatinous or cystic regions (125). All
tumors were encapsulated, and a minority con-
tained calcifications or fluid-debris levels.

Pathologists have difficulty in discriminating
between papillary cystic tumors and non-
functioning endocrine tumors. Histology of a
papillary cystic tumor reveals small, eosin-
ophilic tumor cells often arranged in rosettes;
these tumor cells tend to be immunohisto-
chemically positive for somatostatin, a-1 
antitrypsin, neuron-specific enolase and synap-
tophysin. Some contain immature neurosecre-
tory granules.

The most common imaging appearance is a
mixture of solid and cystic components in a
tumor surrounded by a thick capsule. An occa-
sional one appears solid. The cystic component
ranges from barely identifiable to the tumor
resembling a pseudocyst. Hemorrhage and
necrosis are common and blood and debris in

Figure 9.29. Intraductal papillary mucinous tumor of pancreas. MR (A) and ERCP (B) identify a dilated and obstructed pancreatic
duct and an intraluminal tumor component (arrow). (Courtesy of Temil Tirkes, M.D., University of Pennsylvania.)

A
B
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the cystic component increase CT density levels.
Computed tomography reveals the capsule as a
hypodense structure enhancing with contrast.
Calcifications develop within a fibrous capsule
or solid tumor component in some. Extracapsu-
lar spread is unusual.

Magnetic resonance imaging reveals the solid
component to be isointense or even hypointense
on T1- and hyperintense on T2-weighted
images. Hemorrhage is common and results in
a hyperintense T1-weighted image. The solid
component enhances postcontrast.

Angiography identifies either a hypovascular
or avascular tumor, thus differentiating these
tumors from nonfunctioning islet cell tumors,
which tend to be hypervascular.

Imaging can distinguish these tumors from
ductal pancreatic adenocarcinomas; the latter
typically are more invasive. Serous and muci-
nous cystadenomas and carcinomas usually do
not have a solid tumor component to the extent
seen with papillary cystic neoplasms.

A percutaneous biopsy is usually superfluous
because most of these tumors are resected. In
fact, it has been stated that “tumor biopsies . . .
should never be performed” because of possible
spread by trauma (124).

Other Tumors

A hemangiopericytoma is rare in any location.
Its malignant propensity varies considerably
and, in general, malignancy is established by
detecting metastases. Intraabdominal heman-
giopericytomas tend to be very aggressive.

Ultrasonography and CT typically reveal a
cystic tumor.

A cystic teratoma of the pancreas contained
multiple calcifications, mucin, and lipid 
components (61).

Neuroendocrine (Islet Cell) Tumors
Clinical

Pancreatic neuroendocrine tumors are often
also called islet of Langerhans tumors, although
a number originate at other sites. Most share
certain cytochemical characteristics and have
been labeled as APUDomas (amine precursor
uptake and decarboxylation), although cur-
rently most authors prefer the term neuro-
endocrine tumors. These tumors are not

confined to the pancreas but also include pitu-
itary gland adenomas, adrenal gland pheochro-
mocytomas and neuroblastomas, medullary
thyroid carcinomas, and carcinoid tumors in the
gastrointestinal tract and lung.

About half of these tumors produce a number
of hormones and occasionally even switch
secretion to a different hormone. Rare func-
tioning endocrine tumors include calcitoni-
noma (126), ACTHoma (adrenocorticotropic
hormone), and neurotensinoma. The activity of
one hormone generally predominates, and these
tumors are classified based on the predominant
hormone detected. Some are clinically silent
and are discovered incidentally, and some are
associated with hypercalcemia. In general, with
the exception of insulinomas, most are malig-
nant and are highly vascular.

The presence of calcitonin secretion does not
necessarily imply a calcitoninoma and is occa-
sionally found in a nonfunctioning endocrine
tumor. Calcitonin secretion often implies malig-
nancy, and many such tumors already have
metastasized; calcitonin secretion should be
suspected in patients with a neuroendocrine
tumor and diarrhea that cannot be otherwise
explained.

Although uncommon, the first evidence of an
islet cell tumor can be acute pancreatitis, either
associated with duct obstruction or due to other
reasons.

A carcinoid, pheochromocytoma, islet cell
tumor, Merkel cell carcinoma, and other neuro-
endocrine tumors often contain vasoactive
intestine polypeptide (VIP), somatostatin, and
other receptors. Therapy with somatostatin ana-
logues in these patients reduces hormonal
hypersecretion. This in turn helps control
flushing attacks, diarrhea, hypoglycemia, and
electrolyte abnormalities that patients with car-
cinoid tumors and other islet cell tumors are
prone to developing.

Detection of a neuroendocrine pancreatic
tumor in association with another tumor, espe-
cially a neural one, should suggest von Hippel-
Lindau disease.

Imaging

Depending on the type of neuroendocrine
tumor suspected, preoperative localization may
include CT, MRI, radionuclide scanning, angiog-
raphy, and venous blood sampling. During 
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surgical exploration, intraoperative US is useful
in detecting occult tumors and in defining
underlying anatomy. Whether enucleation is
performed or resection is required often
depends on the tumor’s proximity to the pan-
creatic duct; intraoperative US can provide this
information. A high-frequency transducer is
essential for detecting and evaluating these
small tumors.

Most of these tumors are hypervascular.
Larger tumors are more prone to calcify (Fig.
9.30). Insulinomas tend to be more homoge-
neous in appearance, while non–insulin-
producing tumors are more cystic or necrotic.
Only an occasional one obstructs the pancreatic
duct, results in vascular encasement, or leads to
portal vein thrombosis, findings common with
ductal carcinomas.

More islet cell tumors are detected with
biphase CT than conventional CT. Tumors
several millimeters in diameter can be detected.
Most are detected during the arterial phase,
although some are identified only during the
venous phase. Computed tomographic arte-
riography with contrast injected through a
celiac artery catheter is occasionally helpful
when searching for these small hypervascular
tumors.

Gray-scale US shows most islet cell tumors 
to be well-marginated and hypo- to isoechoic.

Some are detected only with intraoperative or
endoscopic US. An intraductal high-frequency
transducer is useful in detecting tumors adja-
cent to the duct.

Contrary to some earlier studies suggesting
that MR is superior to CT, a later study found
biphasic CT and MRI similar in detecting these
tumors (127). Another study of 28 patients with
clinically suspected functional islet cell tumors
achieved even better MRI results, reaching a
sensitivity of 85% and specificity of 100% in
tumor detection (128). Most of these tumors are
hypointense on T1- and hyperintense on fat-
suppressed T2-weighted images. They enhance
more than surrounding normal pancreatic
parenchyma early after contrast injection and
gradually become isointense (129). Except for
gastrinomas, enhancement is either uniformly
homogeneous or heterogeneous. Magnetic 
resonance features distinguishing these tumors
from pancreatic ductal adenocarcinomas are
their hyperintense signal on T2-weighted
images, early postcontrast enhancement, and,
for many of the malignant ones, hypervascular
liver metastases. A number exhibit a ring-like
enhancement immediately postcontrast. Never-
theless, the occasional poorly differentiated
ones and those inciting a desmoplastic reaction
tend to be isointense on T2-weighted images,
show little postcontrast enhancement, and
mimic ductal adenocarcinomas.

An occasional islet cell tumor results in a
main pancreatic duct stricture.

Portal venous sampling is performed using a
transhepatic approach. The technique is insen-
sitive when multiple tumors are present.

Except for insulinomas, most neuroen-
docrine tumors contain varying amounts of
somatostatin receptors, which bind somato-
statin analogues. Whole-body imaging using a
somatostatin analogue (indium-111–diethylen-
etriamine pentaacetic acid (DTPA)–octreotide,
Octreoscan), also known as somatostatin 
receptor scintigraphy, is useful in localizing
these tumors. Results in primary tumor detec-
tion are variable, but in a setting of positive lab-
oratory tests but negative imaging this test
appears worthwhile. It has a role in detecting
tumor recurrence and metastases. Also, tumors
found to be somatostatin receptor positive
respond to somatostatin analogue therapy.

An ectopic thyroid mimicked a pancreatic
tumor (130).

Figure 9.30. Metastatic islet cell carcinoma. Computed tomog-
raphy reveals a calcified tumor in the pancreatic tail (arrows) and
a liver metastasis (arrowhead). The patient has had a previous
left hepatectomy. (Courtesy of Patrick Fultz, M.D., University of
Rochester.)
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Numerous endocrine tumors have been 
biopsied without complication. Nevertheless,
a functioning endocrine tumor should be
approached with caution because of possible
excess hormone release.

Hyperinsulinoma Conditions

The most common but not the only etiology of
recurrent severe hypoglycemia in an adult is an
insulinoma. Less common is nesidioblastosis
and neoplasms producing insulin-like growth
factor. Thus an occasional patient with a heman-
giopericytoma presents with hypoglycemia; a
history of a hemangiopericytoma resected 
previously is not uncommon. Generally not
appreciated is that a large nonpancreatic leio-
myosarcoma may mimic clinical findings of an
insulinoma, including severe hypoglycemia.
Even a bowel adenocarcinoma with liver metas-
tases can have hypoglycemia induced by tumor
insulin-like growth factor production. Occa-
sionally encountered is hypoglycemia develop-
ing in a patient with renal failure or fulminant
hepatic failure.

Insulinoma

The most common islet cell endocrine tumor is
an insulinoma. A Japanese literature search of
over 1000 patients with insulinoma or hypo-
glycemic syndrome revealed that 81% of these
tumors were 20 mm or smaller (131).About 90%
are benign and most tend to be solitary, solid,
and homogeneous. Multiple insulinomas should
suggest MEN-I syndrome. Primary extrapan-
creatic insulinomas are rare. Cystic insulinomas
are uncommon. Histologically, an insulinoma
mimics normal islet cells. It is difficult to tell
with some whether indeed it is a neoplasm or
simply represents hyperplasia.

Autonomous insulin synthesis and secretion
are the hallmark of an insulinoma even in a
setting of low blood glucose levels, leading to
further hypoglycemia and resultant clinical
findings.

Most insulinomas are small and are difficult
to detect with imaging. Conventional CT, gray-
scale US, and MRI are of limited value. In one
study, combined dual-phase thin-section multi-
detector CT and endoscopic US achieved a diag-
nostic sensitivity of 100% in detecting these
tumors (132). Endoscopic US appears to be

somewhat more sensitive in detecting insulino-
mas in the pancreatic head and less sensitive in
the pancreatic tail. Nevertheless, some tumors
are found only by the surgeon or by intraoper-
ative US; some surgeons opine that detection of
an insulinoma does not require extensive pre-
operative localization.

A rare insulinoma is hyperdense to normal
pancreatic parenchyma on precontrast CT. An
early arterial phase and pancreatic phase
appears best in detecting these tumors (133).
Postcontrast CT ring-like enhancement pro-
gressing into homogeneous tumor enhance-
ment is seen in about half of these tumors.

The uncommon malignant insulinoma is a
highly vascular tumor in the pancreatic tail 
often detected from liver metastases; liver
venous sampling after arterial stimulation with
calcium confirms insulin secretion. In some,
serum levels of a-fetoprotein and trypsin are
markedly elevated.

Intraoperative US is very helpful in localiz-
ing these tumors and in defining adjacent 
structures.

Magnetic resonance imaging localizes some
pancreatic insulinomas. They are hypointense
on T1- and hyperintense on T2-weighted se-
quences and are homogeneously hyperintense
on postcontrast images.

While not usually performed, indium-
111–octreotide scintigraphy does, at times,
localize an insulinoma.

Insulin venous sampling is useful in detecting
insulinomas not detected by other imaging
modalities. Calcium gluconate is injected
directly into the gastroduodenal, splenic, and
superior mesenteric arteries, followed by
venous sampling. Injection into an artery 
supplying an insulinoma results in a marked
increase in the draining vein insulin level. An
insulin increase post–calcium infusion of at
least 100% above basal levels is considered
abnormal. Such an approach obviates the 
need for transhepatic portal venous sam-
pling and is simpler. This test is also useful for
suspected hepatic metastases; no increase in
insulin concentration in hepatic venous blood
after intraarterial calcium stimulation makes
insulinoma liver metastases unlikely. Never-
theless, this test should be interpreted with
caution, because an injection into an artery 
not supplying a tumor may also increase 
venous insulin levels, possibly by the influx of
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calcium into a tumor via intrapancreatic 
anastomoses.

Nesidioblastosis

Nesidioblastosis, also called noninsulinoma
pancreatogenous hypoglycemic syndrome and
other similar names, is a rare condition consist-
ing of islet hyperplasia and b-cell hyperfunc-
tion. This is a nonneoplastic condition but is
discussed here because it is in the differential 
of a suspected insulinoma. Also, occasionally
nesidioblastosis coexists with an insulinoma
(131).

Nesidioblastosis is a well-recognized entity 
in neonates but also occasionally develops in
adults. It may be part of MEN-I syndrome.
Familial nesidioblastosis occurs in neonates.

These patients present with hyperinsulinemic
hypoglycemia, but a prolonged fast tends to be
normal. An insulinoma is usually suspected, but
preoperative localization, operative exploration,
and intraoperative US do not detect a tumor.
At times a blind distal pancreatectomy is 
performed. The diagnosis is made by the
pathologist finding nesidioblasts and islet cell
hyperplasia in a resected specimen. Also, the
islets are structurally abnormal. A defect in
insulin gene regulation appears involved in
these patients.

Portal venous sampling in some of these
patients shows a gradient in insulin concentra-
tion, and a misdiagnosis of insulinoma is thus
made. These patients have a positive selective
arterial calcium stimulation test indicative of
pancreatic b-cell hyperfunction (there is an
increase in plasma insulin level when calcium 
is injected into the arteries supplying the 
pancreas) (134).

In neonates, a >95% pancreatectomy is per-
formed for persistent hyperinsulinemic hypo-
glycemia due to nesidioblastosis and failed
medical management. At times only that
portion of the gland lying between the common
bile duct and duodenum and a small rim of pan-
creas along the duodenal sweep are not
resected; still, in about one third of children
with such a resection, hyperinsulinemia and
hypoglycemia recur and a near-total pancreatic
resection is then necessary. Of interest is that
partial pancreatic regrowth develops in some of
these ueouates. On a long-term basis, over two

thirds of these children with a 95% pancreatec-
tomy develop diabetes.

Gastrinoma

Clinical

The Zollinger-Ellison syndrome is caused by a
gastrin-secreting tumor. Most gastrinomas are
malignant. About 25% of gastrinomas occur in
a setting of MEN-I syndrome and a patient 
presenting with a gastrinoma probably should
be investigated for this syndrome. Gastrinomas
tend to be multiple when part of MEN-I syn-
drome. The risk of gastrinoma malignancy,
growth rates, and high prevalence in the duode-
num seen in MEN-I patients cannot be extra-
polated to patients with isolated gastrinomas.
Even with liver metastases these tumors grow
slowly, and prolonged survival is feasible.

Some of these tumors are extrapancreatic in
location (duodenal gastrinomas are discussed
in Chapter 3). Occasionally a small gastrinoma
is discovered in a lymph node; most of these are
metastatic foci, although a rare one is believed
to represent a primary tumor and excision of
that lymph node should be curative. With such
a scenario a search for a primary gastrinomas
should, of course, be performed.

A review of patients with gastrinoma/
Zollinger-Ellison syndrome found that a correct
preoperative diagnosis is made in about half of
these patients, and about half of these tumors
are <20 mm in diameter (135); although about
40% had metastases, the 10-year survival rate
was 64%.

These patients develop recurrent, multiple
ulcers in atypical locations. They have basal
gastric acid hypersecretion and a markedly 
elevated fasting serum gastrin level, with values
considerably greater than seen after a truncal
vagotomy or proximal gastric vagotomy.

In the absence of metastases, unless surgery
is contraindicated, even with negative preoper-
ative imaging studies these patients probably
should undergo exploratory laparotomy, with
the aim of a curative resection. Previously, if
excision was not feasible, a total gastrectomy
was performed for symptom control; today total
gastrectomy is rarely performed and in most
patients gastric acid hypersecretion is managed
with H2 receptor antagonists. Thus with sus-
pected liver metastases a biopsy establishes the



557

PANCREAS

diagnosis and these patients are then treated
medically.

Many of these tumors contain somatostatin
receptors, and somatostatin analogues are
potential therapeutic agents. Using an auto-
radiography technique, both pancreatic carci-
nomas and gastrinomas expressed specific
somatostatin receptors (136); in gastrinomas,
octreotide inhibited iodine-125–somatostatin-
28 binding similar to somatostatin-28, but little
competitive binding of I-125–somatostatin-28
was evident in carcinomas, suggesting that
somatostatin receptors in gastrinomas differ
from those in carcinomas.

Imaging

A barium study detects gastritis, often severe,
and peptic ulcer disease, especially in postbul-
bar regions. Hyperacidity is also associated with
reflux esophagitis in many of these patients.

The imaging procedures useful in detecting a
gastrinoma include CT, endoscopic US, MRI,
indium-111–octreotide scintigraphy, and 
selective arterial secretin injection, with the
initial study of choice often being octreotide
scintigraphy. Still, only approximately half of
gastrinomas are detected with these studies
(Fig. 9.31).

In patients with Zollinger-Ellison syndrome,
duodenal, lymph node, and pancreatic gastri-
nomas were eventually found in 42%, 38%,
and 17% of patients, respectively (137). Of
these tumors, endoscopic US detected 50% 
of duodenal wall tumors while conventional
endoscopy detected 40%. Endoscopic US
detected 75% of pancreatic tumors while CT
detected 25%; endoscopic US detected 62% of
lymph node tumors while CT detected none.
The authors concluded that endoscopic US is
the imaging technique of choice for preopera-
tive imaging of gastrinomas. At times intraop-
erative US is necessary in locating small
gastrinomas.

Similar to other solid pancreatic tumors, gas-
trinomas are hypointense on T1- and hyper-
intense on T2-weighted fat-suppressed MRI.
In distinction to most other neuroendocrine
tumors, gastrinomas enhance postcontrast in a
ring pattern (129). Such ring-like enhancement
is also seen in liver metastases; this finding is
not specific for gastrinomas but is also occa-
sionally found with other neuroendocrine
tumors. An occasional cystic component is
detected in a gastrinoma.

Indium-111–pentetreotide scintigraphy is
probably superior to CT in localizing gastri-
nomas; scintigraphy can detect duodenal
tumors several millimeters in size. Nevertheless,
In-111–pentetreotide is not foolproof. In a
patient with a previous partial pancreatec-
tomy and splenectomy and now presenting 
with Zollinger-Ellison syndrome, In-111–
pentetreotide scintigraphy revealed nodular
increased uptake in an accessory spleen 
(138).

Glucagonoma

Pancreatic glucagonomas are uncommon. These
are slow-growing tumors, most are malignant,
and metastases are often present at initial 
detection.

Glucagonomas result in elevated serum
glucagon levels. These are complex tumors,
however, and patients often have increased
gastrin levels, VIP, serotonin, insulin, human
pancreatic polypeptide, calcitonin, and adreno-
corticotropic hormone; metastases are common
at initial presentation.

The glucagonoma syndrome consists of
weight loss, necrolytic migratory erythema, dia-

Figure 9.31. Gastrinoma in a 75-year-old man. Transverse 
precontrast CT identifies enlargement of the pancreatic head
(arrow). Initially believed to represent a pancreatic carcinoma,
biopsy suggested a gastrinoma. (Courtesy of Patrick Fultz, M.D.,
University of Rochester.)



558

ADVANCED IMAGING OF THE ABDOMEN

betes mellitus, stomatitis, and diarrhea. In a
number of patients a specific erythematous rash
suggests the diagnosis.

Contrast-enhanced CT should detect larger
tumors. Similar to other solid pancreatic
tumors, glucagonoma are hypointense on 
T1- and hyperintense on T2-weighted MRI.
Postcontrast, most reveal early diffuse, hetero-
geneous enhancement.

Glucagonomas metastasize readily. Still, in
spite of liver metastases, prolonged survival is
possible through judicious surgery, hepatic
artery tumor embolization, and somatostatin
analogue therapy.

Somatostatinoma

Most somatostatinomas occur in the pancreas
or duodenum and most are malignant. High
plasma somatostatin levels are found in some
patients. Metastases are common at initial 
presentation. These patients have elevation of
fasting plasma somatostatin levels. Any clinical
hormonal effect depends on other peptides
being secreted in addition to somatostatin,
although somatostatin does tend to inhibit the
release of other hormones.

No specific imaging findings exist for 
smaller tumors. Larger somatostatinomas are
hypointense on T1- and hyperintense on T2-
weighted MRI. Postcontrast, most exhibit early
diffuse, heterogeneous enhancement.

Abnormal In-111–pentetreotide uptake
occurs with some somatostatinomas.

Vasoactive Intestinal Peptide Tumors

Vasoactive intestine polypeptide–secreting
tumors (VIPomas, Verner-Morrison syndrome)
are associated with increased plasma vasoactive
intestinal polypeptide levels, although elevation
can be episodic. These tumors tend to be soli-
tary and have a predilection for the pancreatic
tail.

A review yielded 241 patients with VIPomas,
with 74% being intrapancreatic and 26% 
extrapancreatic in origin (139); among extra-
pancreatic ones, 23% were nonneurogenic in
origin. About two thirds of pancreatic VIPomas
were malignant versus one third of extrapan-
creatic tumors. Of necessity, the definition of a
VIPoma overlaps with some other tumors, and
the above review includes such extrapancreatic

neurogenic tumors as ganglioneuromas, gan-
glioneuroblastomas, and neuroblastomas. An
occasional VIPoma contains large amounts of
amyloid.

The classic clinical findings are secretory
diarrhea, hypokalemia, hypochlorhydria, and
metabolic acidosis. Metastasis is not uncommon
at first presentation.

VIPomas are hypointense on T1- and hyper-
intense on T2-weighted MRI. Postcontrast, most
have early diffuse, heterogeneous enhancement.
Some metastases show intense peripheral
enhancement on immediate postcontrast SGE
images.

One tumor, not detected by other imaging or
by radiolabeled octreotide, was localized in the
pancreatic tail by I-123–VIP (140).

Carcinoid’

Pancreatic carcinoids are rare; most are malig-
nant, and metastasis at time of diagnosis is
common. In the literature, the terms serotonin-
producing tumor of the pancreas and pancreatic
serotoninoma are also used to designate these
tumors.

The carcinoid syndrome is absent unless 
liver metastasis is present. A diagnosis of
pancreatic carcinoid is made if a pancreatic
tumor is associated with elevated serum 5-
hydroxytryptamine (serotonin) levels or 
elevated urine 5-hydroxyindole acetic acid (5-
HIAA) levels. Ideally, serotonin is isolated in
tumor tissue, and no other dominant hormone
is detected. Positive silver staining in tumor 
cells is suggestive of a carcinoid but is not as
specific as a serotonin assay. Some pancreatic
neuroendocrine tumors labeled as being non-
functioning (discussed below) probably repre-
sent carcinoids with low levels of serotonin
production.

Carcinoids are hypointense on T1- and
hyperintense on T2-weighted images. A hetero-
geneous enhancement is evident on immediate
postcontrast images.

Paraganglioma

Pancreatic paragangliomas are rare. Some
secrete somatostatin and other hormones. An
occasional one is discovered only after it has
metastasized.
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Schwannoma

Pancreatic schwannomas range from benign to
malignant, solid to cystic. Most are solitary,
except in a setting of von Recklinghausen’s
disease. A schwannoma originating close to the
celiac axis can be misdiagnosed as an intrapan-
creatic neoplasm.

Schwannomas tend to be sharply marginated.
Some mimic a pseudocyst. Computed tomogra-
phy reveals an inhomogeneous appearance and
some contain septa. They have a variable CT
appearance, ranging from iso- to hypodense
(61); they enhance with contrast. Some contain
a necrotic center. They are hypointense on 
T1- and hyperintense on T2-weighted MR
sequences.

Neurofibroma

Computed tomography of a plexiform neurofi-
broma revealed a near-water homogeneous
density, mild contrast enhancement, and an
infiltrating appearance (61).

Nonfunctioning Islet Cell Tumor

Islet cell tumors not associated with clinically
detectable hormone production are called 
nonfunctioning. Some do secrete a polypeptide,
but are still considered nonfunctioning if
the patient is asymptomatic. Differentiation
between functioning and nonfunctioning is not
straightforward. At times a primary islet cell
carcinoma is nonfunctioning and is resected,
but later metastases develop a de novo capacity
to secrete hormones.

The controversy in differentiating these
tumors from papillary cystic neoplasms has
already been mentioned. Focal lymphoma is
also in the differential of an occasional solid
nonfunctioning neuroendocrine tumor.

Most of these tumors are slow-growing.
Smaller tumors tend to be benign, but most
tumors >5 cm are malignant (141). Aside from
incidentally discovered ones, these tumors tend
to be large when first detected and metastases
are often evident. Incidentally, malignancy
cannot be established by histology, and evidence
of either metastases or local invasion is the 
criterion used.

A rare nonfunctioning malignant islet cell
tumor contains eggshell calcifications.

Postcontrast CT shows better tumor con-
spicuity during the arterial phase than portal
venous phase (142); the arterial phase also
detects more liver metastases than the portal
phase. On the other hand, venous encasement
by tumor is better identified during the portal
venous phase.

Computed tomography typically shows a
large, hypervascular tumor (141). Some tumors
contain cystic regions and punctate
calcifications, an appearance that distinguishes
them from ductal adenocarcinomas. The larger
ones tend toward necrosis. A heterogeneous CT
contrast enhancement pattern is common.

A correct preoperative diagnosis is not
common. Both a primary tumor and metastases
tend to respond to chemotherapy. Their better
prognosis makes it important to distinguish
these tumors from the more common pancre-
atic ductal adenocarcinomas.

Pancreas in Diabetes Mellitus
Postmortem pancreatic angiography in non–
insulin-dependent diabetics revealed that 58%
of diabetics and 20% of controls showed one or
more of the following (143): >50% celiac or
splenic artery stenosis, two or more irregular
intrapancreatic branches, or decreased vascu-
larity in the body and tail—segments responsi-
ble for most insulin secretion.

Insulin-dependent type 1 diabetes is caused
by autoimmune destruction of insulin-
producing b-cells. If diabetes is identified early
enough, some of these patients still have func-
tioning residual b-cells and benefit from adju-
vant immunotherapy to protect remaining
b-cell function.

Technetium-99m–human polyclonal im-
munoglobulin (HIG) scintigraphy in nearly half
of newly diagnosed type 1 diabetics shows a
significant accumulation of radiolabeled HIG in
the pancreas (144); thus HIG scintigraphy, per-
formed at the time of diabetes onset identifies a
subset of patients who appear to benefit from
adjuvant immunotherapy.

Some diabetics also have an abnormal
exocrine pancreas. Endoscopic retrograde 
pancreatography reveals pancreatic duct 
abnormalities consisting of dilation, stenosis,
tortuosity, obstruction, or calculi.
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In pediatric patients with insulin-dependent
diabetes mellitus, US reveals an inverse rela-
tionship between pancreatic size and the 
duration of diabetes (145); the pancreas was 
larger in children aged 3 to 7 years who had dia-
betes for 2 years or less than in older children
who had had diabetes for >5 years. In children,
diabetes thus appears to affect pancreatic
growth.

Vascular Lesions
Hemosuccus pancreaticus, also called wirsung-
orrhagia in some of the French literature,
signifies hemorrhage into the pancreatic duct. It
is rarely detected.

Bleeding from the ampulla is either from the
pancreatic or bile ducts. At times angiography is
useful in locating and embolizing a specific site
of bleeding. Most pancreatic bleeding is sec-
ondary to chronic pancreatitis.

Aneurysms or pseudoaneurysms of a pancre-
atic artery are rare in the absence of pancreati-
tis. Bleeding pseudoaneurysms in a setting of
pancreatitis have already been discussed. These
aneurysms are a cause of massive blood loss,
even exsanguination. Aside from bleeding, a
rare pseudoaneurysm results in bile duct
obstruction due to compression.

Arteriovenous malformations are rare in the
pancreas but are a cause of bleeding. Endo-
scopic Doppler US revealed a pulsatile wave-
form in one pancreatic malformation adjacent
to the duodenum (146); arteriography con-
firmed an extensive vascular network. Resection
of pancreatic head arteriovenous malforma-
tions is difficult; some of these patients require
a Whipple procedure to control bleeding. Radi-
ation therapy is an option for larger arteriove-
nous malformation (147).

Immunosuppression
Acquired immunodeficiency syndrome patients
have developed non-Hodgkin’s lymphomas
located primarily in the pancreas; imaging
reveals diffuse infiltration. A percutaneous CT-
guided needle biopsy should be diagnosis.

Unusual infections abound. In one patient,
AIDS initially manifested as a tuberculous pan-
creatic abscess (148).

Bile duct abnormalities are well described in
AIDS patients, but pancreatic duct changes are
less well known. Over half have pancreato-
graphic abnormalities consisting of dilation, an
irregular contour to the main and secondary
ducts, and main duct stenosis. Most patients
with pancreatic duct abnormalities also have
AIDS-related cholangitis.

Drug-induced pancreatitis develops in AIDS
patients. Dideoxyinosine is an antiretroviral
agent used to treat HIV infection; both pseudo-
cyst formation and relapse of pancreatitis are
associated with this drug.

Total amylase is of limited value in identify-
ing pancreatic disease in HIV-infected patients;
28% of ambulant HIV-positive males had ele-
vated total amylase values; however, almost half
of these were due to an increased salivary 
fraction (149).

Postoperative Changes
Transplantation
Indications

A pancreatic transplantation is indicated in a
patient with insulin-dependent diabetes melli-
tus who also requires a renal transplant, with
both organs being transplanted at the same
time. An isolated pancreatic transplant is 
performed in patients who already have a 
functioning renal transplant or in those with
diabetic complications who do not have gross
nephropathy. If transplantation is successful, the
patient no longer depends on external insulin
but has hyperinsulinemia and remains on
chronic immunosuppressive therapy.

Pretransplant cardiac function is generally
obtained; stress thallium scintigraphy is typical,
with more invasive cardiac imaging reserved for
specific situations.

Initially the transplanted pancreas and
attached duodenum were placed in the right
iliac fossa, and a side-to-side duodenovesical
anastomosis was performed. Arterial supply 
to the donor pancreas is from the recipient
common iliac artery, and venous drainage is to
the common or external iliac vein. A simultane-
ously transplanted kidney is placed in the left
iliac fossa. An alternate approach is primary
enteric drainage. The native pancreas is not
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resected. Such a transplant results in two non-
physiologic events: (1) Pancreatic endocrine
secretions are into the systemic circulation,
bypassing the liver, and they lead to hyperinsu-
linemia. (2) Exocrine secretions into the bladder
result in inflammation, infection with possible
pancreatitis, and a metabolic acidosis. To over-
come these problems a revised procedure was
subsequently adopted by some centers: The
donor duodenum is anastomosed to a jejunal
loop and pancreatic venous drainage is to the
recipient portal venous system.

Following total or subtotal pancreatectomy
for chronic pancreatitis, pancreatic islet auto-
transplantation by intraportal infusion of
pancreatic tissue leads to approximately half of
these patients becoming insulin independent.
Clinical pancreatic islet transplantation, how-
ever, is still in its infancy.

Results

Overall results among 500 simultaneous pan-
creas-kidney transplants at the University of
Wisconsin through October 1997, are as follows
(150): patient survival at 1, 5, and 10 years was
96%, 89%, and 76%; kidney function, 89%, 80%,
and 67%; and pancreas function, 87%, 78%, and
67%. Since June 1995, 1-year survival rates are
as follows: patient, 98%; kidney, 94%; and pan-
creas, 93%. Conversion from bladder drainage
to enteric drainage was required in 24% of
patients, with primary indications for enteric
conversion being leak in 14%, urethritis and
extravasation in 7%, and chronic hematuria in
3% of patients.

Pancreatic allograft excretion and perfu-
sion can be studied with secretin-augmented
MR pancreatography and dynamic contrast
enhanced MRI. Patients with a normally func-
tioning graft produced 236 ml (s. d. +/- 104) of
pancreatic juice and those with dysfunctional
grafts produced only 42 ml (+/- 25) (151).

Thallium-201 scintigraphy provides static
images of the transplanted pancreas. Tech-
netium-99m–sestamibi scintigraphy provides
both dynamic and static images, in some
patients being superior to thallium-201 studies.

Complications

Rejection ranges up to 9% at 1 year. Other com-
plications are only slightly less common, with

vascular thrombosis leading the list. Unlike
renal transplant failure, pancreas transplant
failure is more covert. Rejection, however, often
involves both kidney and pancreas. The degree
of parenchymal enhancement at dynamic 
contrast-enhanced MRI appears useful in
detecting acute transplant rejection. Dynamic
contrast-enhanced gradient-recalled echo
(GRE) MR studies showed a mean parenchymal
enhancement of 106% in patients with no
biopsy evidence of rejection, 66% in those with
mild, 62% in those with moderate, and 57% in
those with severe acute rejection (152);
infarcted transplants revealed parenchymal
enhancement of 3% and could thus be readily
identified. Overlap existed, however, between
some patients in the normal and rejection
groups, and a biopsy is still necessary in some.

Biopsy is performed either percutaneously or
cystoscopically through the duodenal anasto-
mosis. With the latter, an US-guided and 
cystoscopically directed approach appears
advantageous. CT- or US-guided core biopsies
of pancreas grafts are satisfactory in most
patients. The most common biopsy complica-
tion is self-limited bleeding from a biopsy site;
less often encountered are major bleeding and
asymptomatic hyperamylasemia.

Posttransplant CT is indicated in patients
with fever, elevated serum amylase levels, and
suspected fluid collections.

Ultrasonography of a transplanted pancreas
is more difficult than of a kidney. Especially if
enteric rather than bladder drainage is created,
superimposed bowel and an indistinct margin
make organ identification difficult. Fluid collec-
tions can be detected but their clinical
significance is difficult to assess in the postop-
erative period. Neither absolute resistive
indexes, obtained from US data, nor changes in
resistive indexes correlate with acute rejection.
Doppler US is useful, however, in detecting vas-
cular thromboses and strictures.

Urologic complications are not uncommon
with duodenum anastomosed to the urinary
bladder and exocrine pancreatic secretions 
thus draining into the bladder. Complications 
of kidney-pancreas transplantations include
urinary tract infections, hematuria, leaking
duodenovesical anastomosis, and ureteral and
urethral abnormalities. The most common post-
surgical complication is a leak at the duoden-
ovesical anastomosis, resulting in accumulation
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of peritoneal fluid. A radionuclide cystogram
confirms a communication between the bladder
and peritoneal cavity. The duodenovesical anas-
tomosis can also be evaluated by conventional
cystography or CT cystography. Computed
tomography cystography should be performed
both with the bladder distended and after
voiding; at times full distention will not detect a
leak that is evident after voiding.

Urethral stricture and urethral disruption are
complications of pancreatic transplantation in
male patients; extravasation occurs at either 
the bulbar urethra or the bulbomembranous
junction.

Magnetic resonance angiography is useful in
detecting vascular complications. The absence
of flow, vascular thrombosis, rejection, and
infarction are detected. An MRA should detect
almost all acute vascular compromise. Postcon-
trast 3D MR after kidney-pancreas transplanta-
tion readily detects larger transplanted arteries,
seen as hyperintense structures, but trans-
planted venous vessels are less often identified.
Gadolinium-enhanced 3D MRI in five patients
with venous thrombosis and occlusion revealed
serpentine voids within graft parenchyma or at
the venous anastomosis during venous-phase
imaging (153); the lack of graft enhancement or
heterogeneous enhancement corresponded to
gland necrosis, confirmed at pancreatectomy.

Allograft pancreatitis is relatively common.
Other complications include fistulas and infec-
tion. Some patients develop hypoglycemia, at
times years later.

Follow-up of patients with uremia and type 1
diabetes after a kidney-pancreas transplant and
similar patients after kidney-only transplanta-
tion revealed that the double transplant patients
were at lower risk for atherosclerosis than
kidney-only transplant patients (154). Never-
theless, underlying atherosclerosis unrelated to
transplantation is common in these patients.

Postpancreatic transplantation lymphoprolif-
erative disorders manifest by diffuse allograft
enlargement, an imaging appearance similar to
that seen with transplant rejection or acute 
pancreatitis (155).

Resection
Traditionally, a Whipple procedure was per-
formed when resecting the pancreatic head,
which involves a pancreaticoduodenectomy and

includes segments of extrahepatic bile ducts
and pancreatic duct. The high mortality associ-
ated with a Whipple procedure a generation ago
has dropped markedly and this procedure is
now also being performed for some patients
with chronic pancreatitis. Currently some sur-
geons are resecting only the pancreatic head
and preserving the adjacent duodenum, the
common bile duct, and the papilla of Vater. An
end-to-end anastomosis is performed to
connect the pancreatic duct to the intestinal
tract.

After a pylorus-preserving pancreaticoduo-
denectomy, most patients have abnormal
pyloric function (156); alkaline reflux is com-
mon and some patients develop gastritis.

Total pancreatectomy is rarely performed; in
a setting of pancreatic cancer; it has not led to
increased survival but does introduce major
endocrine management problems.

One complication of a pancreaticoduodenec-
tomy with portal and superior mesenteric vein
resection is localized liver infarction. Computed
tomography should detect most of these com-
plications. A distinctly unusual occurrence after
a Whipple procedure was rectal evacuation of a
portal vein graft (157); presumably the underly-
ing cause was graft infection.

Examination Complications
Laparoscopy
Laparoscopy has a limited role in pancreatic
disease. Port site seeding after laparoscopic
staging of a pancreatic carcinoma is a 
complication.

Endoscopic Retrograde
Cholangiopancreatography
The major complication of ERP and endoscopic
sphincterotomy is pancreatitis, at times life-
threatening and resulting in massive peripan-
creatic necrosis. The risk of such pancreatitis is
difficult to gauge. In a 1-year prospective study
of 430 consecutive ERCP examinations in a
single center, pancreatitis developed in 3% of
patients (158); hyperamylasemia occurred in
8%. Both pancreatitis and hyperamylasemia are
more common after difficult procedures. Over-
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injection of contrast is probably one of the
causes. The high osmolality and ionic nature 
of iodinated contrast agents may play a role,
although some studies suggest that the use of
nonionic contrast agents does not decrease the
risk of postprocedure pancreatitis. Some of the
risk factors associated with postprocedure 
pancreatitis include the presence of prior or
current pancreatitis, pancreatic duct stricture,
and sphincter of Oddi abnormalities. Curiously,
endoscopic sphincterotomy performed in a
setting of nondilated bile ducts is also associ-
ated with an increased risk of pancreatitis. A
direct correlation exists between postprocedure
pancreatitis and number of pancreatic duct
injections; also, those with difficult common
bile duct cannulations are more to develop 
pancreatitis.

Computed tomography performed after
ERCP papillotomy occasionally detects a pan-
creatic “tumor” (159).

Technetium-99m–HMPAO leucocyte scintig-
raphy has been disappointing in detecting mild
acute pancreatitis after ERCP.

Biopsy
Pancreatitis, with fatal outcome, has followed
percutaneous pancreatic biopsy. Needle tract
tumor seeding is a complication. Whether there
is an increased risk of seeding with the use of
larger needles is conjecture.

In addition to percutaneous pancreatic
biopsy, US-guided laparoscopic biopsy of the
pancreas can be performed. Port site seeding
after laparoscopic carcinoma biopsy has
occurred.
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Technique
Conventional Radiography 
and Urography
Indications for intravenous (IV) pyelography
(the term IV urography is used by some) have
decreased considerably, but this examination 
is still indicated if pyelocalyceal visualization 
is needed. Small transitional cell carcino-
mas, pyeloureteritis cystica, medullary sponge
kidney, and papillary necrosis continue to be
best identified with IV urography. A current
major indication for IV urography is in investi-
gating hematuria in adults, although here com-
puted tomographic urography combined with
cystoscopy are making inroads, and magnetic
resonance (MR) is not far behind.

Intravenous urography is insensitive in
detecting small renal parenchymal tumors.
Thus about one third of tumors <3 cm in diam-
eter are not detected. Even with larger tumors
urography is generally insensitive in differenti-
ating benign from malignant tumors. This test,
however, does provide information on renal
function and gross anatomy, and it aids in eval-
uating disorders of the collective systems. It
tends to be somewhat inferior in infants com-
pared to older children.

Retrograde ureteropyelography has a role if
insufficient contrast is excreted during an IV
urogram. For suspected obstruction, however,
currently noncontrast computed tomography
(CT) is considered to be superior.

Computed Tomography

The introduction of multislice helical CT has
had a major impact on uroradiology. Multislice
CT allows imaging during specific contrast
opacification phases. Depending on the study
indication, the CT protocol used can be
modified accordingly. Thus suspected acute
urinary obstruction by a stone is studied
without contrast, in the workup of hypertension
and suspected renal artery stenosis emphasis is
on arterial phase images, while some infections
are detected only during later phases; small
renal tumors are readily imaged in a breath-
hold; potential living renal donor evaluation

is simplified and therapy aided by three-
dimensional (3D) imaging. Using a two-bolus
technique both a nephrogenic and excretory
phases can be obtained with one scan, although
such a protocol tends not to visualize all of the
ureters completely.

Are screening serum creatinine levels neces-
sary prior to contrast CT studies? Only 3% of
over 2000 consecutive outpatients undergoing
contrast-enhanced CT had elevated serum cre-
atinine levels, and risk factors were identified in
a majority of these (1); screening for risk factors
appears adequate in this patient population.

Renal opacification can be divided into 
three phases: first is an early vascular or bolus
phase, then a nephrogram phase (consisting 
of a nephrogram), followed by a pyelogram 
or equilibrium (delayed) phase. A cortico-
medullary phase, providing maximum differen-
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tiation between renal cortex and medulla,
occurs during the early phase. Whether a corti-
comedullary phase or a later nephrogram phase
should be used for subtle tumor detection is
debatable, although some evidence suggests that
the nephrogram phase is superior. Both neo-
plasms and normal renal parenchyma enhance
significantly more during the nephrogram
phase than during the corticomedullary phase.
In general, more tumors <3 cm in diameter are
detected on the nephrogram phase than on the
corticomedullary phase. The onset of a nephro-
gram phase varies among patients and tech-
nique used; a faster injection rate results in an
earlier onset—roughly 100 seconds at 2 mL/sec
and 90 seconds at 3 mL/sec. The cortico-
medullary phase is more useful, however, for
detection of such conditions as an aneurysm,
arteriovenous malformation, or fistula, and in
evaluating tumor vascularity. Also, the earlier
phase is more advantageous if optimal liver 
and other abdominal structure visualization is
required. Renal tumors tend to be detected with
greater confidence on delayed images than on
early-phase images. One solution is to obtain
images during both phases (corticomedullary
and nephrogram), but whether the extra com-
plexity and cost justify such an approach for a
limited gain is not clear; a decision based on
individual indications appears reasonable.

Renal CT performed shortly after excretory
urography—called CT urography—is a varia-
tion of delayed-phase CT combining high
spacial resolution of conventional filming with
high contrast resolution of CT. Even pyelove-
nous backflow can be identified on CT urogra-
phy (2). Only about half of renal parenchymal
tumors identified on CT are detected on the pre-
vious excretory urogram, but such a combina-
tion study tends to increase the clinicians’
confidence in some findings. A variant of this
technique is to obtain delayed postcontrast
coronal images or a delayed CT scout image.
Validity of these various combined procedures
in evaluating hematuria is yet to be established
in larger studies.

Furosemide-enhanced CT urography, ob-
tained 10 minutes after contrast agent injection,
outlines pelvicaliceal structures and identifies
calculi inside opacified urine and differentiates
them from phleboliths (3).

Three-dimensional CT imaging techniques
are useful both in evaluating suspected tumors

and in planning a partial nephrectomy, such as
orientation of blood vessels to a tumor or other
structure. One should not rely only on 3D
images, however, because to an experienced eye
axial and coronal images provide more detailed
information, especially about small vessels that
tend to be overlooked on 3D images.

In a patient with microscopic hematuria 
and a normal excretory urogram, should CT 
or ultrasonography (US) be performed next?
Although this topic generated considerable 
controversy in the 1990s, currently many inves-
tigators believe that CT detects more tumors
overall, especially smaller ones. In fact, a more
pertinent current question is whether CT or MR
is indicated as a primary imaging modality in
such a clinical setting.

Ultrasonography
Renal cortex is isoechoic to liver, and the cen-
trally located renal sinus is hyperechoic to sur-
rounding renal parenchyma.

Similar to other structures, use of an intra-
vascular US contrast agent (such as Levovist;
Schering AG, Berlin, Germany) enhances vascu-
lar signals and makes vascularity more evident.
Diagnostic accuracy is improved, especially for
hyperechoic tumors and complex cysts.

Doppler US provides data for the intrarenal
arterial blood flow resistive index (RI) and pul-
satility index (PI). These indices increase with
age, acute obstructive uropathy, use of certain
drugs, and in some nephropathies.

Endoluminal US using a high-frequency
transducer housed in a catheter and advanced
endoscopically into a ureter is moving from
research into clinical practice. Potentially, the
information obtained helps guide biopsy and
laser therapy and defines vessels adjacent to a
ureter.

Magnetic Resonance Imaging
Currently for most suspected renal conditions
CT is performed rather than magnetic reso-
nance imaging (MRI), but MRI is used in a
setting of contrast allergy or renal failure, and
for studying some complex masses. It is also
useful in evaluating venous thrombosis in a
setting of renal carcinoma. It provides both
spatial resolution and information on renal
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function and potentially is more useful than
either CT or nuclear medicine. Magnetic reso-
nance applications range from multiphase 3D
magnetic resonance angiography (MRA) to
evaluate renal artery stenosis and renal perfu-
sion abnormalities, MR nephrography, and MR
urography of the renal collecting systems (espe-
cially useful in posttransplant complications).
Potentially, a single MR study evaluates reno-
vascular disease, assesses renal function, detects
renal tumors, and identifies urinary tract abnor-
malities, all without radiation exposure. More
often, however, the specific MR sequences best
suited for each application are selected.

Conventional

As with CT, several distinct phases—cortical,
medullary, and pyelocaliceal—are evident after
IV paramagnetic gadolinium contrast injection.
Some investigators add an intermediate cortico-
medullary junction phase. Magnetic reso-
nance signal intensity normally decreases in the
pyelocaliceal phase due to contrast agent con-
centration. When searching for small renal
tumors, use of a body phased-array coil in com-
bination with fast low-angle shot (FLASH) and
fat suppression pre- and postcontrast thin-
section MR allow imaging in single breath-
holds. Sagittal and coronal plane images
improve evaluation.

Both T1- and T2-weighted sequences are
useful with contrast-enhanced MRI to evaluate
renal blood flow and renal function. During 
the early phase, a renal cortex signal increase in
T1-weighted sequences is matched by a simi-
lar signal decrease in T2-weighted sequences;
during later phases, however, T2-weighted
sequence signal intensity in the medulla
decreases markedly. Thus renal cortical blood
flow can be evaluated with either sequence, but
T2-weighted sequences appear more useful in
evaluating renal medulla. Presumably increased
amounts of contrast in renal tubules account for
the medullary decreased signal intensity during
later phase T2-weighted sequences.

Serial dynamic MR gradient echo imaging
using a low contrast dose can be used to obtain
an intensity-time curve, similar to radionuclide
renography. This technique allows assessment
of split renal function and urinary excretory
status and is an alternative to radionuclide
renography. Preliminary studies suggest that

good correlation exists between MR renography
and radionuclide renography results (4).

A general disadvantage of MR in children,
especially younger ones, is the need for seda-
tion. A relative disadvantage in certain renal
applications is its poor sensitivity in detecting
calcifications.

Surprisingly, diagnostic accuracy in patients
with a clinical suspicion for renal tumor was
comparable when studies were performed using
either a low field [0.2 tesla (T)] or a high field
(1.5 T) magnet, although the signal-to-noise and
contrast-to-noise ratios were significantly worse
at low field strength (5).

Gadolinium diethylenetriamine pentaacetic
acid (Gd-DTPA) is an ionic agent. A nonionic
version is also available in some countries. No
significant differences exist in either signal
intensity or function between these two agents.

Magnetic Resonance Urography

Magnetic resonance urography both without
and with contrast agents is evolving into viable
alternative studies in select patients. No con-
sensus is yet apparent on which specific MR
sequences constitute MR urography. A more
basic question concerns the role of MR urogra-
phy: Does it have any advantages over conven-
tional or CT urography?

A heavily T2-weighted sequence consisting of
rapid acquisition of images obtained in less
than 30 seconds with a relaxation enhancement
technique results in solid organs and flowing
fluid being hypointense, and stationary fluid,
such as urine in collecting systems and ureters,
being hyperintense; the entire urinary tract is
visualized on one image without use of contrast
(this technique is also called MR pyelography).
The urinary tract is depicted even with non-
functioning kidneys. A reconstructed 3D image
provides an overall view. Magnetic resonance
spatial resolution is superior to that of US. A
current limitation of MR urography is that with
the present MR units small calculi are poorly
imaged.

A breath-hold 1.5 T MR half-Fourier acquisi-
tion single-shot turbo spin echo (HASTE)
sequence visualizes renal collecting systems 
and ureters similarly to excretory urography.
The HASTE sequences can be used to acquire
images in the axial, sagittal, or coronal planes.
These MR urography sequences outline non-
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functioning urinary tracts that cannot be visu-
alized with excretory urography and identifies
level of obstruction without the use of contrast
agents. This technique is advantageous in eval-
uating hydronephrosis during pregnancy, but
future indications will undoubtedly expand.

Gadolinium chelates are filtered by renal
glomeruli and excreted. One should keep in
mind that dilute gadolinium is hyperintense on
T1-weighted images, but when concentrated it
induces a signal loss and becomes hypointense.
Also, if one is performing CT shortly afterward,
renal excretion of gadolinium can mimic a cal-
culus on noncontrast CT (6).

Breath-hold 3D MR urography using fast 
gradient echo performed 5 to 10 minutes after
injecting only several mL of Gd-DTPA visualizes
the urinary tracts as hyperintense structures
(7); urinary tract detection was superior to that
obtained with a heavily T2-weighted sequence.

The ureters can thus be studied either with
nonenhanced T2-weighted TSE imaging or
gadolinium enhanced T1-weighted sequences.
A preliminary study comparing these two
sequences in infants and children found that
although the ureters were more often better
visualized with the gadolinium enhanced
sequences, the two sequences are complemen-
tary (8). MR urography is feasible in young
infants using only oral sedation. MR urography
appears useful in patients with an ileal neoblad-
der. Although the nonenhanced T2-weighted
sequences can detect a point of ureteric
obstruction, they do not readily establish an 
etiology—generally additional MR sequences
are required.

Several paramagnetic contrast agents initially
designed primarily for hepatobiliary appli-
cations, such as Gd-ethoxybenzyl (EOB)-
DTPA and Gd–benzyloxypropionic-tetraacetate
(BOPTA) initially function as extracellular
agents and are then eliminated via biliary and
renal pathways. Thus MR urography using 
Gd-BOPTA–enhanced breath-hold 3D FLASH
sequences was comparable to conventional
excretory urography (9); caliceal fornices were
better visualized with conventional urography,
but MR urography was superior in the distal
ureters and the bladder, and in evaluating
obstructive causes.

A further refinement is the use of a diuretic
agent. Even a nondilated urinary tract is 
visualized.

Several virtual endoscopy techniques are 
feasible. Using surface-rendering techniques,
unenhanced MR urography data can be pre-
sented in a virtual endoscopy format (10).
Virtual endoscopy of the upper urinary tract
can be reconstructed from T1-weighted 3D 
gradient-echo sequences obtained after urinary
tract enhancement by IV gadolinium. Such a
technique provides an endoluminal view of the
calices, ureters, and ureteral orifices.

Scintigraphy
With its low radiation burden, renal scintigra-
phy is commonly used for initial evaluation and
follow-up in children. Its main advantage over
other imaging modalities is that to some degree
function can be quantified.

Plasma clearance methods estimate overall
renal function. Scintigraphy provides an esti-
mate of each kidney function and detects 
gross structural defects. Currently scintigra-
phy is used to evaluate renal vascular hyper-
tension, renal function after transplantation,
suspected infection, and, occasionally, obstruc-
tive nephropathy.

Radiopharmaceutical agents useful in renal
scintigraphy include the following:

Technetium-99m (Tc-99m)-mercaptoacetyl-
glycilglycilglycine (MAG3) is an all-
purpose renal agent. It is cleared by tubular
secretion and is useful in flow and function
studies. Effective renal plasma flow can be
calculated with this radiotracer. It has a
role in diuresis renography in neonates and
infants. This compound is excreted vicari-
ously by the liver and is then detected in
the gallbladder. In imaging renal allografts,
Tc-99m-MAG3 results in better image
quality than Tc-99m-DTPA.

Tc-99m–L,L-ethylenedicysteine (L,L-EC) is a
newer renal tubular tracer used as an alter-
native to Tc-99m-MAG3. It has similar
excretion characteristics but higher plasma
clearance than MAG3. It is also used to
obtain the effective renal plasma flow rate.
In patients with chronic renal failure,
image quality is similar to that of Tc-99m-
MAG3.

Tc-99m-DTPA is filtered by glomeruli and the
glomerular filtration rate can be calculated.
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Scintigraphy outlines renal and collecting
system anatomy.

Tc-99m–2,3-dimercaptosuccinic acid
(DMSA) binds to proximal tubules and
results in prolonged renal retention. Its 
use in planar imaging allows evaluation 
of focal functional disorders and gross
parenchymal damage. In children, planar
Tc-99m-DMSA is useful in estimating 
renal function. Single photon emission
computed tomography (SPECT) Tc-99m-
DMSA scintigraphy is more effective than
planar in detecting renal cortical defects.

Tc-99m-glucoheptonate is also used as a renal
imaging agent. Neither glucoheptonate nor
DMSA is taken up by renal cysts or neo-
plasms, and these appear as defects.

Iodine-131–ortho-iodohippurate (OIH) is an
older agent that has been replaced to a
large degree by Tc-99m-MAG3.

Carbon-11 acetate positron emission tomog-
raphy (PET) imaging reveals prompt renal
uptake even in a setting of reduced renal
function.

Biopsy
Image-guided percutaneous renal biopsy is
useful in obtaining tissue from suspected small
lesions, and at times such a biopsy replaces 
surgical exploration. Most biopsies differentiate
between benign and malignant disease and
between primary renal cell carcinoma and
metastatic disease, or they confirm renal
involvement by lymphoma. If needed, several
biopsies are obtained at the same time. Com-
puted tomography or US–guided 18-gauge
needle biopsies provide adequate biopsy mate-
rial for analysis in most patients. Negative per-
cutaneous biopsy results in small (<3 cm) and
large (>6 cm) tumors, however, should be
viewed with caution (11). Renal biopsy with an
automated device using a 14-gauge needle in
renal allografts and native kidneys has a >95%
tissue recovery rate, but is associated with a
serious complication rate of about 3% (12),
including death, loss of renal allograft, major
hemorrhage (requiring blood transfusion) and
creation of an arteriovenous fistula.

In patients at high risk, a transfemoral vein
biopsy using flexible forceps is an alternative
approach.

Tissue cores adequate for histopathologic
diagnosis were obtained in 98% of both trans-
jugular renal biopsies and percutaneous renal
biopsies (13); transjugular renal biopsies are an
option in patients with contraindications or
failure of percutaneous biopsy and in those
requiring multiorgan biopsies.

Percutaneous
Nephrostomy/Stenting
Percutaneous nephrostomy is commonly per-
formed for emergency decompression of an
obstructed urinary system. It is an integral part
of several interventional procedures such as
percutaneous nephrolithotomy, ureteral stent-
ing, and dilation. It is feasible in children and
adolescents on an outpatient basis; one study
excluded outpatient nephrostomies in a setting
of infection, stone therapy, solitary kidney with
renal failure, and similar reasons (14). A punc-
ture success rate of almost 100% is common. At
times a nephrostomy is necessary with a nondi-
lated system, such as a ureteral leak or fistula;
fluoroscopy or US-guided injection of air or
carbon dioxide into nondependent calyces aids
catheter insertion (15).

Double-J stents are commonly used to treat
ureteral obstruction. These stents are inserted
retrograde by an urologist or antegrade by an
interventional radiologist. At times a guidewire
passes through an obstruction but the catheter
fails to do so; a combined retrograde and ante-
grade approach may then be successful.

Both self-expandable and balloon expandable
metallic stents are used for palliation of malig-
nant ureteral obstruction.

Complications of percutaneous nephrostomy
tube placement include hemorrhage requiring
transfusion, a complication minimized by main-
taining a platelet count above 100,000/mm3.
Inadvertent enteric puncture occurs occasion-
ally. Long-term obstructions include urothelial
hyperplastic reaction and tumor ingrowth or
invasion of one stent end.

In a setting of unresectable pelvic cancer or
radiation or both, a permanent percutaneous
nephrostomy is often an option for a variety 
of conditions, including unresectable pelvic fis-
tulas and incontinence. Many of these patients
already have distal urinary tract obstruction.
If not, ureteral occlusion is achieved using a 
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percutaneous approach and a permanent 
external diversion is then provided. Complica-
tions include nephrostomy catheter occlusion
and retrograde coil migration into the renal
pelvis.

Congenital Abnormalities
Screening for Congenital
Abnormalities
Ultrasonography screening for congenital geni-
tourinary abnormalities is a simple procedure
but it is rarely performed during a routine
health check-up. Major anomalies can be
expected in under 1% of infants, including 
unilateral renal agenesis, vesiculoureteral
reflux, hydronephrosis or megaureter, horse-
shoe kidney and ureterocele.

Fetal MRI can evaluate for oligohydramnios
or anhydramnios and congenital genitourinary
anomalies (16). It is currently underused.

Renal Agenesis
Renal malformation includes the absence of
renal tissue (aplasia) or the presence of undif-
ferentiated renal tissue (dysplasia). Bilateral
renal agenesis is incompatible with life; many of
these babies are stillborn and tend to have a
characteristic oligohydramnios-induced Potter
facies and numerous other anomalies (Potter
sequence). Incidentally, Potter sequence is also
seen with bilateral renal hypodysplasia, severe
obstructive uropathy, and polycystic kidney
disease, but an occasional such baby survives.
Although sporadic, agenesis is more common in
males, and a familial pattern is identified in
about one third of patients. In a broader context,
renal agenesis is lumped together with dysgen-
esis and it is called hereditary renal adysplasia
(multicystic dysplasia is discussed in a later
section).

Unilateral renal agenesis is relatively com-
mon (about one in 1000 births), with the single
kidney compensating through hypertrophy. In
some individuals renal agenesis is the end result
of an involuted multicystic dysplastic kidney.
Renal agenesis is associated with an ipsilateral
seminal vesicle cyst and ipsilateral ovarian dys-
plasia. Bladder duplication is also occasionally
found with renal agenesis.

The rare unipapillary kidney has a solitary
calyx and papilla. It is more common on the 
left side. Almost always other abnormalities are
present, including megaureter, ectopic ureter
with vesicoureteral reflux, and renal agenesis on
the contralateral side.

Imaging of renal agenesis reveals an empty
renal fossa; keep in mind that an ectopic kidney
also presents with an empty renal fossa. Preva-
lence of ipsilateral adrenal gland absence is
slightly greater with renal agenesis than in the
general population; when present, the ipsilateral
adrenal gland tends to be more elongated than
usual. On the left side the colon splenic flexure
tends to fill an empty renal fossa.

A congenitally solitary kidney is about 1.8
times heavier than a normal kidney. The diam-
eter of its glomeruli and convoluted tubules are
similar to that of a control, but a solitary kidney
contains twice as many glomeruli. The congen-
ital solitary kidney is thus hyperplastic and not
hypertrophic.

The imaging approach in a child with a sus-
pected single kidney is not clear; a point can be
made for initial US followed by MR urography.
Children with unilateral agenesis are prone to
vesicoureteral reflux on the contralateral side,
with reflux being detected in over one third. A
voiding cystourethrogram is thus recom-
mended even if neither infection nor hydro-
nephrosis is evident.

Hypoplasia
Simple hypoplasia implies a small but otherwise
normal kidney. It is a rare anomaly. The number
of calyces tends to be reduced. Focal hypoplasia
entails a reduction in the number of calyces and
associated renal parenchyma. Some patients
have a small kidney that also has segmental
parenchymal thinning and an associated dilated
collecting system in this region; the appearance
mimics that of chronic pyelonephritis.

In the rare oligonephronic hypoplasia, the
kidneys are small and contain only one or two
calyces.

Duplicated Collecting System
Duplication anomalies range from a bifid col-
lecting system to duplication of both kidney and
ureter. Most duplications are unilateral; if bilat-



577

KIDNEYS AND URETERS

eral, they tend to be asymmetrical.A duplication
is considered incomplete if the two ureters join
before inserting at one bladder orifice. In a com-
plete duplication both ureters insert separately.
Duplications are familial and are more common
in women. In most patients a functioning dupli-
cated system is a curiosity, and whether to 
consider an otherwise unremarkable duplicated
system as part of a normal spectrum is a matter
of opinion.

Partial duplications have a Y configuration.
Much rarer are inverted-Y partial ureteral
duplications, with the two duplicated lower
ureteral segments inserting either in an ortho-
topic or ectopic location. Perhaps rarest of all is
ureteral duplication with blind superior and
inferior ends (17).

Duplications are difficult to detect on pre-
contrast axial CT. Postcontrast visualization of
two ureters provides a clue to the presence of a
duplication. Postcontrast CT coronal views and
conventional radiographs offer another clue:
the uppermost lower pole calyx (which is gener-
ally the kidney’s middle calyx) is located more
lateral than expected, and as a result the kidney
axis is more vertical than expected. Consider-
able calyceal distortion occurs with grade 5
reflux, and counting the number of calyces is an
unreliable way to detect a duplication.

Neither US nor scintigraphy has sufficient
resolution to reliably detect most duplications.
Magnetic resonance coronal views are useful 
in a setting of poor renal function; thus T2-
weighted images reveal fluid-filled upper and
lower pole structures.

With a complete duplication the lower renal
pole is generally larger and its draining ureter
inserts in a normal position at the bladder
trigone. The upper pole ureter inserts abnor-
mally in a more caudal position in the bladder,
urethra, or adjacent structures. A ureterocele is
a common associated anomaly. The upper pole
ureter obstructs more often than the lower 
pole ureter; most obstructions are in the distal
portion of the ureter, although at times an
obstruction occurs at the ureteropelvic junction
and involves either ureteral segment. Similar to
a normal system, a transitional cell carcinoma
can develop in a completely duplicated collect-
ing system, leading to a complex imaging
appearance.

Therapy for obstruction or reflux of a single
ureter in a duplicated system is common sheath

reimplantation, with some surgeons performing
an ipsilateral ureteroureterostomy.

Ectopia
Kidneys

Ectopia means an abnormal location for a struc-
ture. Ectopic kidneys range in location any-
where from just inferior to the diaphragm to 
the pelvis. A rare renal ectopia is intrathoracic;
these are more common on the left and in males.
The lack of imaging detection of a kidney in its
usual location should not be assumed to repre-
sent agenesis; the entire abdomen needs to be
scanned for an ectopic kidney, which at times is
small and poorly functioning.

Malrotation of a normally positioned kidney
is generally a curiosity of little significance.

An ectopic kidney undergoes incomplete
rotation around its axis (it is thus malrotated),
and the renal pelvis tends to face more anterior
than usual. The renal collecting system does not
drain as readily as in a normally situated kidney,
relative stasis ensues, and thus an increased
prevalence of stone formation is found in these
kidneys. Ureteropelvic junction obstruction is
also relatively common. These kidneys tend 
to be dysplastic and some are associated with
other malformations.

In renal ectopia the ureter length is appropri-
ate for kidney position; in renal ptosis the ureter
appears more tortuous and is more appropriate
to a normally positioned kidney.

A normal US renal sinus echo complex is
absent in two thirds of ectopic kidneys, while in
the other one third it is eccentric in location.

Crossed Ectopia

In crossed renal ectopia both kidneys are on one
side of the abdomen. They are usually partly
fused and the ectopic kidney malrotated. The
ureter from the ectopic lower kidney crosses 
the midline and usually inserts in its normal
position. Such crossed fused renal ectopia is 
an uncommon congenital anomaly generally 
of little or no clinical significance. In some,
however, renal ectopia is associated with other
congenital abnormalities, including ectopic
ureteral insertion.

Ultrasonography of crossed fused renal
ectopia identifies an empty renal fossa and a
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distorted, enlarged kidney with a duplicated
renal sinus. At times the ectopic kidney is
difficult to identify with US due to malrotation.

Technetium-99m-DMSA shows an empty
renal fossa and outlines the functional status of
an ectopic kidney.

Horseshoe Kidney

A horseshoe kidney is a type of ectopia con-
sisting of partial fusion of the two kidneys
occurring in about 0.25% of the population.
The lower poles of both kidneys extend more
medially than usual and either have fused 
renal parenchyma or are connected by fibrosis.
Fusion is anterior to the aorta, and the kidneys
tend to be more inferior in location than usual.
Each kidney has its own collecting system.
Often multiple and complex renal arteries 
are present. Rarely, associated inferior vena 
cava anomalies or a retrocaval ureter are also
present.

Neoplasms do develop in a horseshoe kidney,
probably at the same incidence as in normal
kidneys although transitional cell carcinomas
occur somewhat more often than expected. The
diagnosis of a transitional cell carcinoma is gen-
erally made at an advanced stage in these
patients. Patients with a horseshoe kidney also
appear more prone to developing a primary car-
cinoid tumor.

Urolithiasis developing in patients with a
horseshoe kidney is treated with either percu-
taneous nephrolithotomy or extracorporeal
shock-wave lithotripsy (ESWL), similarly to
those in patients with normal kidneys.

A bone scan in a patient with a horseshoe
kidney can mimic bone metastases.An apparent
horseshoe kidney (pseudo–horseshoe kidneys)
is seen in patients with spina bifida; gibbus
deformity causes lower renal pole medial
migration. In these patients, however, the preva-
lence of true horseshoe kidneys is also some-
what increased.

Ureters

Ureteral Bud Remnants

A ureteral bud remnant associated with renal
agenesis or dysplasia is usually identified with a
retrograde study, provided reflux exists. In the
absence of reflux or with an ectopic insertion,

detection is difficult at best. At times an ectopic
insertion is suggested indirectly by severely
deformed adjacent structures.

Ectopia

A right retrocaval ureter passes posterior to 
the vena cava and courses inferiorly in a more
medial position than usual. Most patients with
a retrocaval ureter are asymptomatic, and 
this condition is discovered incidentally during
either urography or CT. A rare anomaly is a left
retrocaval ureter associated with a left inferior
vena cava.

Ectopic insertion of a single ureter is into any
adjacent structure proximal to the external ure-
thral sphincter. It occurs more often in males
and occasionally is associated with prostatitis 
or epididymitis. Some are associated with other
anomalies, such as a crossed single ectopic
ureterocele. The kidney drained by such an
ectopic ureter tends to be dysplastic.

An ectopic duplicated ureter is more common
in females and is more often on the left. The
ectopic ureter usually drains the upper pole of
a duplex kidney and tends to insert into the
urethra distal to the urethral sphincter, thus
accounting for urinary incontinence. Occasion-
ally found are intraprostatic and vaginal ectopic
insertions.

Even if the distal end of an ectopic ureter is
not stenotic, a low-inserting ectopic ureter can
be obstructed by an adjacent urethral sphincter.
Huge ureters terminating in the posterior
urethra are occasionally found.

Detecting most ectopic ureters with imaging
should be straightforward, yet delayed detection
of an infrasphincteric ectopic ureter is not
uncommon, especially in girls. Delayed, inap-
propriate and misleading imaging contribute to
this problem. Technically excellent excretory
urography is generally diagnostic, although
problems occur with a ureter draining a dys-
plastic kidney. Contrast enhanced CT or 99mTc-
DMSA scintigraphy aid detection of an ectopic
insertion if a dysplastic kidney is present.

With a sufficiently small and poorly func-
tioning renal segment, an occult ectopic ureter
and its insertion can be difficult to visualize
with imaging. Problems also arise with un-
usual insertions and with a poorly func-
tioning kidney. Some insertions are only 
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transiently visible on one of several imaging 
studies. Vaginography defines the insertion of
some ectopic vaginal ureters because these
ureters tend to reflux. Occasionally MRI is
useful, such as with an ectopic ureter from a
poorly functioning upper pole duplicated
kidney that is not detected with IV pyelography
and US.

A triple ureter, with an ectopic opening into
the vagina has been described (18).

Ectopic ureteroceles are discussed in Chapter
11.

Nephroptosis
One can be criticized for including nephrop-
tosis, or floating kidney, as an abnormality.
Older physicians are undoubtedly familiar 
with this condition and the resultant attempts 
to cure it by nephropexy, a procedure that is
considerably less common today. Recently,
however, a few reports have described laparo-
scopic nephropexy as therapy for symptomatic
nephroptosis, and this procedure is again some-
what in vogue.

Occasionally nephroptosis is a cause of
chronic ureteral obstruction and associated
symptomatology.

Multicystic Dysplasia
Clinical

Fetal kidney nephrons form from fetal meta-
nephric blastema surrounding the ureteral bud.
This fetal blastema normally matures during
gestation, but occasionally some persists after
birth as nephrogenic rests. These nephrogenic
rests are associated with an increased risk 
of multicystic dysplasia, multilocular cystic
nephroma, and Wilms’ tumors. They are more
common in several syndromes, such as 
Beckwith-Wiedemann syndrome (discussed in
a later section), hemihypertrophy, and sporadic
aniridia; children with these syndromes should
be screened for Wilms’ tumors.

Complete multicystic dysplasia (also called
multicystic kidney, renal dysplasia, and renal
dysgenesis) is found only unilaterally—
complete bilateral involvement is incompatible
with life. Depending on the extent of involve-

ment, dysplasia is limited to the infundibula,
renal pelvis, and proximal ureter, or it involves
a kidney to the point that dilated calyces appear
as intrarenal cysts. Segmental multicystic dys-
plasia occurs in a setting of a duplex collecting
system. At times a hypoplastic renal artery is
identified.

Most often multicystic dysplasia is detected
as an abdominal tumor in infancy. Some older
patients present with ureteropelvic junction
obstruction. The condition is discovered in an
occasional adult as an incidental finding.

A variant of multicystic dysplasia includes 
an associated hydronephrosis, with renal cysts
communicating with the renal pelvis. This con-
dition presumably develops from incomplete
ureteral obstruction. Often some renal function
is evident.

Among term neonates and infants with uni-
lateral multicystic dysplastic kidneys, in those
with no vesicoureteral reflux the contralateral
kidney was more than 1 standard deviation
longer than the mean for age in 54% (19). Con-
tralateral vesicoureteral reflux is detected in
15% to 25% of children with a newly diagnosed
multicystic kidney, and these refluxing kidneys
are significantly shorter than nonrefluxing 
ones. Other anomalies include ectopic ureters,
ureterocele, bladder diverticula, and urethral
duplication. An association exists among renal
dysplasia, Gartner’s duct cyst, and ipsilateral
müllerian duct obstruction. An investigation 
for lower urinary tract abnormalities is thus in
order in these infants. Extraurinary anomalies
include bowel malrotation and congenital 
cardiomyopathy.

Renal malignancy is rare in multicystic dys-
plasia, and current opinion is that this condition
is not premalignant, although the kidney
appears prone to nodular renal blastema and
reports suggest that renal cell carcinoma,
Wilms’ tumor, and even mesothelioma appear to
be more common than by chance alone. Com-
plicating the issue is that occasionally other
lesions, including tumors are misdiagnosed as
multicystic dysplasia.

The current trend is to follow segmental 
multicystic kidneys nonoperatively because
these cysts tend to involute and the kidney
decreases in size. With age, some patients
develop extensive calcifications. At times by
adulthood only a cystic remnant with a calcified
rim is apparent.
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Imaging

A voiding cystourethrogram and renal US
appear appropriate in newborns with suspected
multicystic kidney disease to confirm the diag-
nosis and detect any associated anomalies. The
grape-like intrarenal cysts do not communicate
with the ureter. Little normal renal parenchyma
is detected in the involved kidney (Fig. 10.1).
A characteristic finding is a club-like deformity
of a rudimentary ureter. A small dysplastic
kidney is more echogenic than a normal kidney;
the US differential diagnosis also includes
hydronephrosis due to other etiologies.

Occasionally during renal scintigraphy a mul-
ticystic dysplastic kidney accumulates a radio-
pharmaceutical agent; such uptake correlates
with the presence of mature renal cortical tissue
in the diseased kidney.

Tc-99m-DMSA renal uptake is decreased 
in the contralateral kidney in a majority of
patients with a multicystic kidney, reflecting
tubular and glomerular damage.

Polycystic Disease
Autosomal Dominant

Clinical

Autosomal-dominant polycystic disease, also
called adult polycystic kidney disease and Potter
type III, is the most common hereditary renal
disorder. It is not a simple entity; no family

history of renal disease is obtained in about 
half the patients, and variable penetrance and
expressivity are apparent. Many of these
patients develop hypertension. Renal failure is a
late finding. These patients are also prone to
developing aortic and cerebral aneurysms with
their related complications.

A rare disorder called oral-facial-digital syn-
drome type 1 includes polycystic kidney disease
as one component. The syndrome is X-linked,
with affected males dying before birth.
Although renal findings resemble autosomal
polycystic disease and a dominant inheritance
pattern is evident, histopathology reveals
mostly glomerular cysts (20).

There are two subtypes of autosomal-
dominant polycystic disease. Polycystic kidney
disease type 2 (PKD2) has a milder clinical phe-
notype than PKD1; the median age at death or
onset of end-stage renal disease is 53 years for
individuals with PKD1 and 69 years for those
with PKD2 (21).About half of these patients also
develop liver cysts; far fewer develop pancreatic
or splenic cysts or even adrenal cysts. A rare
patient also has Caroli’s disease, but this associ-
ation is less common than with autosomal-
recessive polycystic disease. Polycystic kidney
disease can develop in a horseshoe kidney.
Histologically, cystic changes occur both in
nephrons and collecting ducts. Eventually mul-
tiple cysts of varying size are found in both the
renal cortex and the medulla. Subcapsular cysts
also develop.

Abdominal pain is a common presentation.
Many patients develop hypertension. An occa-
sional cyst rupture into the collecting system
leads to hematuria. Enlarged kidneys are 
palpable in some individuals. Renal stones with
their related complications are more prevalent
than in the general population. Eventually 
renal failure ensues. The rare emphysematous
pyelonephritis is probably due to superim-
posed infection rather than polycystic disease.
Likewise, renal cell carcinoma developing in 
a setting of polycystic disease is probably 
fortuitous.

Typically few cysts are detected early in life,
but gradually multiple bilateral cysts enlarge
and interstitial fibrosis develops with loss of
normal renal tissue. Not uncommonly progres-
sive worsening of renal function manifests in
early adulthood. The cysts compress and distort
adjacent calyces and eventually little renal

Figure 10.1. Right multicystic dysplastic kidney. Noncontrast
computed tomography (CT) identifies a small, irregular right
kidney (arrow). (Courtesy of Nancy Curry, M.D., Medical Univer-
sity of South Carolina.)
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parenchyma is detected. Why the loss of normal
renal tissue is part of this condition is puzzling.
Still, the kidneys are larger than normal.

Several criteria are used to identify patients
at risk for developing adult polycystic kidney
disease. One scheme is that the presence of at
least two renal cysts (either unilateral or bilat-
eral) in individuals at risk and younger than 30
years is regarded as sufficient to establish the
diagnosis; in those 30 to 59 years of age at least
two cysts in each kidney and in those above 60
years of age at least four cysts in each kidney are
required. Ultrasonography can be used to
screen for these cysts.

Imaging

Initially cysts are small, but eventually imaging
identifies bilateral enlarged kidneys, at times
markedly asymmetrical, and containing multi-
ple cysts. The cysts vary in size and distort sur-
rounding parenchyma. Computed tomography
shows most cysts to resemble simple cysts,
although hemorrhage into cysts is common and
these are hyperdense to water (Fig. 10.2). Some
have a fluid–fluid level or even appear as a solid
tumor. Renal calcifications are generally sec-
ondary to calculi, prior hemorrhage into a cyst,
or cyst wall calcifications.

Computed tomography or MR is useful to
evaluate for any associated liver disease.

The sensitivity of renal US in individuals
under 30 years of age at risk for autosomal-
dominant polycystic kidney disease was 95% for
those with PKD1 but only 67% for those with
PKD2, but US sensitivity for either PKD type in
individuals aged 30 years or older was 100%
(22); DNA genetic linkage analysis was the gold
standard.

These cysts vary from hypo- to hyperintense
both with T1- and T2-weighted images, pre-
sumably due to prior hemorrhage (Fig. 10.3). A
fluid-fluid level is identified in some.

Therapy

Follow-up of these patients is generally by US.
Computed tomography is useful to evaluate for
a suspected complication. Intravenous urogra-
phy has no role in follow-up.

Open transperitoneal bilateral renal cyst
reduction surgery is an option in symptomatic
patients; one advantage of this approach is that
any liver cysts are also amenable to therapy.
Laparoscopic cyst unroofing (decortication or
marsupialization) for relief of pain is also an
option; intraoperative US aids cyst detection
during the laparoscopic procedure. Some of
these patients require repeat cyst unroofing
before pain relief is achieved.

A number of these patients eventually
undergo renal transplantation. Some surgeons
recommend nephrectomy prior to renal trans-
plantation, although others disagree and reserve
nephrectomy for those with intracystic hemor-
rhage, significant hematuria, pyonephrosis, or
other complications.

Autosomal Recessive

Also known as Potter type I and infantile poly-
cystic disease, the autosomal-recessive form 
of polycystic kidney disease manifests early in 
life. The underlying defect is renal tubular
ectasia. The nephrons are normal. Expressivity
varies, with some patients not surviving beyond
the neonatal period. Those with milder renal
involvement survive longer and develop hepa-
tobiliary fibrosis and dilated bile ducts. Thus the
severe form detected in infancy results pri-
marily in renal involvement, called infantile
polycystic disease, while in older children liver

Figure 10.2. Polycystic disease. Transverse CT image through
the kidneys reveals numerous cysts varying in size. Little renal
parenchyma is left. (Courtesy of Patrick Fultz, M.D., University of
Rochester.)
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changes predominate and this entity is labeled
juvenile form or congenital hepatic fibrosis (see
Caroli’s disease, discussed in Chapter 7). Yet
whether autosomal-recessive polycystic kidney
disease and congenital hepatic fibrosis are
indeed the same entity but with different 
manifestations is not clear. Some adults with
autosomal-dominant polycystic disease and
those with multicystic dysplasia also develop
similar hepatic fibrosis.

In the infantile form numerous small cysts
(several millimeter range) develop throughout,
the kidneys are markedly enlarged, poor func-
tion is evident early on, and renal failure grad-
ually ensues.

Computed tomography reveals renal cysts to
be near water density unless superimposed
bleeding occurs. Magnetic resonance imaging

identifies similar findings. Both CT and MRI
also help detect any hepatic fibrosis and dilated
bile ducts.

Ultrasonography in the infantile form shows
bilaterally enlarged and diffusely hyperechoic
kidneys, a pattern that in these infants strongly
suggests the diagnosis. High-resolution US
reveals dilated ectatic tubules arranged radially
perpendicular to renal capsule, with the periph-
eral renal cortex initially not involved because it
normally does not contain collecting ducts.

In surviving infants (presumably those
having the juvenile form), the initial abnormal-
ities tend to be limited to the kidneys, but grad-
ually the disease focus shifts as hepatic damage
leads to portal hypertension and its sequelae.
Serial US in the juvenile form reveals that 
initially enlarged kidneys either shrink in 

Figure 10.3. Polycystic disease. A: Cysts, hyperintense on
T2–weighted magnetic resonance imaging (MRI), have replaced
most of renal parenchyma. Even more hyperintense cysts are
present in the liver. B: Very little renal parenchyma is left to
enhance after IV contrast. (Source: Burgener FA, Meyers SP, Tan RK,
Zaunbauer W. Differential Diagnosis in Magnetic Resonance
Imaging. Stuttgart: Thieme, 2002, with permission.) C: T2–
weighted MRI in another patient with polycystic kidneys identifies
cyst intensity variations reflecting their content differences.
(Courtesy of Patrick Fultz, M.D., University of Rochester.)
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size or remain stable with age; renal echogen-
icity approaches that seen in patients with 
autosomal-dominant polycystic kidney disease
but without marked kidney enlargement.

Alport’s Syndrome
Alport’s syndrome is an inherited, degenerative
disorder involving basement membrane colla-
gen that lacks Goodpasture antigen. Both 
sex-linked dominant and autosomal-recessive
forms are described. Electron microscopy–
observed anomalies are almost specific for this
syndrome. It is linked to Goodpasture’s disease,
an uncommon autoimmune condition also
showing a similar basement membrane collagen
abnormality. In a broader context, this syn-
drome is linked to antiglomerular basement
membrane disease and thin basement mem-
brane disease, both diseases being more
common than Alport’s syndrome.

Symptoms start in childhood. Hematuria and
proteinuria eventually progress to renal failure.

Imaging identifies small, smooth kidneys
with poor function.

Alagille’s Syndrome
Alagille’s syndrome, or arteriohepatic dyspla-
sia, is discussed in more detail in Chapter 8.
These patients also develop tubulointerstitial
nephritis and renal tubular acidosis. An occa-
sional manifestation is resultant renovascular
hypertension.

Angiography reveals uni- or bilateral renal
artery stenoses and abnormalities in the aorta
and celiac superior mesenteric and subclavian
arteries. Some patients develop bilateral renal
cysts and aortic wall calcifications at an early
age.

Glomerulocystic Disease
Both sporadic and familial glomerulocystic
disease develop. The hallmark of this disease 
is dilation of Bowman’s space and proximal 
convoluted tubules. Numerous glomerular cysts
develop but without dysplasia. Affected infants
have enlarged kidneys. Liver cysts may be
present.

Glomerulocystic disease associated with
either hypoplastic or normal-sized kidneys is

found in older children and adults and probably
represents an acquired type of glomerulocystic
disease. Whether this is the same entity seen in
infants is conjecture. In fact, glomerulocystic
disease is probably much more common than
the relatively small number of published cases
suggest; in adults it may be asymptomatic and
only becomes symptomatic when another con-
dition, such as lupus glomerulonephropathy or
hemolytic-uremic syndrome, is superimposed.

The diagnosis is suggested by renal biopsy,
although histopathology is not always straight-
forward. In addition to glomerulocystic kidney
disease, renal cysts are found in autosomal-
recessive polycystic kidney disease, autosomal-
dominant polycystic kidney disease, and diffuse
cystic dysplasia.

In the neonate, both polycystic diseases 
and glomerulocystic disease result in bilaterally
enlarged hyperechoic kidneys. High-resolution
US detects small, isolated cysts in a hyperechoic
renal cortex, with these cysts usually being
smaller than those found in typical autosomal-
dominant polycystic kidney disease. Also, these
cysts extend to the periphery, but no cysts are
seen in renal medulla, which distinguishes this
condition from both autosomal-recessive and 
-dominant polycystic diseases.

Medullary Cystic Disease
Renal medullary cystic disease consists of a
spectrum of abnormalities eventually leading 
to renal failure. These patients have progres-
sive renal tubular atrophy. Two forms are
described: a juvenile form (also called juvenile
nephronophthisis) inherited as an autosomal-
recessive trait manifesting in childhood, and an
adult form inherited as an autosomal-dominant
trait. A tubulointerstitial nephritis develops in
both forms. Gross medullary cysts are found 
in the adult form, while smaller cysts develop in
the juvenile form.

In the juvenile form US reveals increased
echogenicity secondary to the small cysts. The
corticomedullary junction is poorly differenti-
ated. Urography shows decreased contrast
excretion, and pyelography identifies tubular
ectasia. Renal size tends to decrease with disease
progression, and corticomedullary cysts
became evident. These cysts are better defined
with CT and MRI than with US.
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Because US abnormalities appear before clin-
ical symptoms or signs are evident, US is useful
in screening suspected families.

Biopsy suggests the diagnosis.

Familial Glomerulosclerosis (Familial
Nephrotic Syndrome)
In the nail-patella syndrome, nail and skeletal
abnormalities are associated with a nephropa-
thy. Renal biopsy reveals glomerulosclerosis,
and electron microscopy identifies massive
fibrillar collagen within a mesangial matrix and
basement membrane, a hallmark of this condi-
tion. Similar changes are also found in some
patients with proteinuria and hematuria but
without other stigmata of nail-patella syn-
drome. These patients have mild proteinuria
early in life, and nephrotic syndrome becomes
apparent during the second or third decade.

Tuberous Sclerosis
Tuberous sclerosis, or Bourneville-Pringle
disease, is a neurocutaneous disorder having 
an autosomal-dominant inheritance, although
spontaneous mutations also occur. Mental retar-
dation and seizures are part of multiorgan
involvement and renal lesions are common,
consisting mostly of angiomyolipomas and
cysts. Prevalence of lymphangioleiomyomatosis
is also increased in tuberous sclerosis. Imaging
in affected individuals begins to identify renal
lesion during early childhood and most indi-
viduals have developed renal tumors by late
childhood. Most common are angiomyolipo-
mas, followed by simple renal cysts.

An occasional cyst disappears during follow-
up but angiomyolipomas do not. Although gen-
erally believed that these patients are not at
increased risk for renal cell carcinomas, anec-
dotal reports of renal malignancies abound.

An occasional patient has multiple cysts to
the point of mimicking polycystic disease.
Angiomyolipomas are prone to bleeding and
forming hematomas. Eventually renal insuf-
ficiency and renal failure ensue if sufficient
parenchyma is replaced by cysts and tumors.
A rare first presentation is an elderly patient
with gradual renal failure and imaging 
detecting marked bilateral renal parenchy-
mal distortion due to multiple cysts and
angiomyolipomas.

Von Hippel-Lindau Disease

Von Hippel-Lindau disease is a hereditary
cancer syndrome caused by mutations of the
VHL tumor-suppressor gene, which is located
on the short arm of chromosome 3. The VHL
gene produces a tumor-suppressor protein,
called pVHL, which plays a role in angiogenesis,
cell cycle regulation, and other functions, and
regulates both growth and differentiation of
kidney cells. Mutations of the VHL gene are also
found in mesotheliomas and small cell lung 
carcinomas. Nevertheless, the etiology of von
Hippel-Lindau disease appears to be more
complex than currently apparent because a
germ cell mutation is identified only in 70% of
affected patients. Also, systematic investigation
of families of involved individuals often detects
additional silent tumors.

This autosomal-dominant disease has age-
related penetrance of close to 100% at age 60
years. Affected individuals develop central
nervous system hemangioblastomas, retinal
angiomas, pancreatic cysts and islet cell tumors,
adrenal pheochromocytomas and paragan-
gliomas, epididymal cystadenomas, and in the
kidneys cysts and clear cell carcinomas. Only a
subgroup of these patients is at increased risk
for developing a pheochromocytoma. Thus
these patients are subdivided into type I
(without pheochromocytoma) and type II (with
pheochromocytoma).

Renal cysts are often multifocal and bilateral
and are predominantly cortical in location.
They do not progress to renal failure. There is,
however, an increased prevalence of neoplasms
in these cyst-containing kidneys. Multicentric
renal cell carcinomas are common, at times
bilaterally.

Among patients with von Hippel-Lindau
disease having renal cell carcinomas, cancers
occur 25 years earlier, are more often associated
with renal cysts, and tend to be multifocal and
bilateral, but have a lower grade histology and
better 10-year survival than unselected pati-
ents with renal cell carcinoma (23); metastases
occurred in von Hippel-Lindau disease patients
only when tumors were >7 cm in diameter.
These tumors tend to be encased by a fibrous
capsule.

The treatment of cysts and tumors in this
disease has become rather conservative and
differs from conventional therapy. Many asymp-
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tomatic lesions are observed rather than
resected, and CT, US, and MRI are used for
screening, follow-up of known lesions, and
overall management of these patients, keeping
in mind that CT and especially US miss small
tumors in these patients. A renal carcinoma is
resected only when it has grown to a certain
size. Over the last several decades surgery in
these patients has evolved from radical nephrec-
tomy to a nephron-sparing operation. A radical
nephrectomy is reserved for larger or more
numerous tumors; follow-up consists of CT,
chest radiography, and renal function tests
every 6 months.

These patients develop end-stage renal failure
both from surgical therapy and from tumor
growth. Theoretically, transplantation with its
associated immunosuppression may predispose
to tumor recurrence, but in practice this does
not occur.

Sickle Cell Disease
The primary kidney abnormality in sickle cell
disease is small vessel involvement leading to
renal function impairment. The hemolysis these
patients experience also results in glomerular
hemoglobin deposition. Findings in other
organs, primarily spleen, are common. Pati-
ents with heterozygous or homozygous sickle
cell disease develop enlarged kidneys, focal
infarcts, cortical necrosis, and progressive renal
insufficiency.

Most teenagers with sickle cell disease have a
normal renal US appearance, gradually devel-
oping either a focal or a diffuse increase in
reflectivity in the renal medulla or throughout
the kidney, changes similar to those seen in
early nephrocalcinosis. Both RI and PI are
increased, with findings directly related to
disease severity.

With iron deposition, MR reveals hypointense
signals from renal cortices on both T1- and T2-
weighted images.

Hemophilia
Ultrasonography in hemophilia type A pati-
ents identifies smaller than usual kidneys and
dilated calyces and renal pelves, at times con-
taining blood clots. Calculi are common. The

overall appearance mimics that seen in chronic
pyelonephritis.

Adjacent hematomas are secondary to
retroperitoneal bleeding.

Beckwith-Wiedemann Syndrome
Beckwith-Wiedemann syndrome is a congenital
overgrowth syndrome with a high sporadic
occurrence, manifesting variable expressivity.
There is a Beckwith-Wiedemann registry at 
the National Cancer Institute. Common abnor-
malities include macroglossia, abdominal wall
defect, large birth weight, nephromegaly, and
less often hemihypertrophy.

Affected children are prone to developing
childhood solid tumors, including Wilms’
tumor, adrenocortical carcinoma, and hepato-
blastoma. An occasional child has a sarcoma or
renal cell carcinoma. One should keep in mind,
however, that not all renal tumors in these
patients are malignant. Benign renal abnormal-
ities, consisting of renal cysts, caliceal divertic-
ula, hydronephrosis, and nephrolithiasis, occur
in approximately 25% of these patients; most
patients are asymptomatic.

Bartter’s Syndrome
The rare Bartter’s syndrome leads to hypo-
kalemia and increased plasma renin and angio-
tensin II levels. It should be suspected in a child
with nephrocalcinosis and a history of polyhy-
dramnios and premature delivery.

Renal US findings vary; US tends to reveal
hyperechoic pyramids or diffuse hyperechoic
kidneys.

Baseline scintigraphy in one patient was
normal, but pharmacologic blockade of the
renin-angiotensin system with captopril
revealed a bilateral increase of parenchymal
transit time, time to maximum activity, and
retained cortical activity (24); the authors
suggest captopril renography for differentiat-
ing Bartter’s syndrome from other causes of
hypokalemia.

Tyrosinemia
A deficiency of fumarylacetoacetate hydrolase
leads to tyrosinemia, an autosomal-recessive
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disorder especially prevalent in the province 
of Quebec. Children with this lethal disease
develop central nervous system and liver abnor-
malities early in life. Renal function is often
impaired.

Computed tomography and US in 32 children
with tyrosinemia undergoing liver transplanta-
tion revealed enlarged kidneys in 47%, a hyper-
echoic appearance in 47%, nephrocalcinosis in
16%, and delayed contrast excretion in 64%
(25); liver transplantation improved renal 
function in about half of these children, but
enlarged kidneys and a hyperechoic appearance
persisted.

Congenital Hydronephrosis 
and Hydroureter
Many infants with hydronephrosis also have
renal tubular dysfunction, with renal tubular
acidosis being most common. Hydronephro-
sis is readily diagnosed by most imaging 
modalities.

A congenital urinary tract obstruction
evolves while a fetal kidney is still developing.
The sequelae of a congenital obstruction thus
result in findings that tend to be different from
those seen with an obstruction developing later
in life.

In newborns with unilateral hydronephrosis,
the contralateral kidney ranges from larger than
normal, to normal in size, to small, and such
findings should be interpreted cautiously. Dis-
tinguishing obstructive from nonobstructive
hydronephrosis in neonates can be difficult.
Without an obvious obstructive site, some of
these neonates are followed medically until they
grow.

At times with known prenatal hydronephro-
sis, renal US performed immediately after birth
is falsely negative for hydronephrosis, probably
due to oliguria. Cystourethrography appears
indicated in these children because of an
increased risk for vesicoureteral reflux.

The term megacystis-megaureter is descrip-
tive and is most often applied to uncorrected
vesicoureteral reflux and resultant dilation.
In this sense it can be either congenital or
acquired. Whether it represents a sequela of
uncorrected massive chronic reflux or is a
residue of a congenital hydroureter is conjec-
ture. Megacystis-megaureter can be extreme to

the point that one or both ureters dilate mas-
sively. The bladder also enlarges.

Ureteroceles are discussed in Chapter 11.

Megacalyces

An infant or adult occasionally has calyceal dila-
tion without concomitant renal pelvis dilation
and without underlying obstruction. Whether
this condition, also called Puigvert’s disease, is
congenital or acquired is conjecture. Medullary
pyramids are thinned and as a result the calyces
have a straight or even convex outline rather
than their usual concave shape. The number of
calyces tends to be increased and they have a
polygonal shape. The renal pelvis is not dilated
and renal function is normal. Megacalyces is
associated with increased stone formation.

Intravenous urography defines the condition
and excludes an obstruction.

Ureteropelvic Junction Obstruction

The most common congenital urinary tract
obstruction is at the ureteropelvic junction. A
ureteropelvic junction stricture in the very
young may represent a mild form of multicystic
dysplasia. It is not common.

Midureteral Obstruction

A congenital midureteral obstruction is rare,
with some of these strictures being classified as
ureteropelvic junction strictures. A rare associ-
ation exists between ureteral valves and ureteral
strictures. Congenital adynamic midureteral
segments are rare. Resection reveals muscular
disarray but a patent ureter lumen.

Primary Megaureter

In congenital or primary megaureter a short
nonperistaltic distal ureteral segment results in
functional obstruction, while the more proximal
ureter dilates and does have peristalsis. Etiology
for the nonperistaltic segment is unknown but,
unlike rectal aganglionosis, ganglion cells are
present in this segment. Some authors subdivide
primary megaureter into the following cate-
gories: (1) obstructive, (2) refluxing, and (3)
nonobstructive and nonrefluxing. The degree of
obstruction varies, and calyces are not dilated
when obstruction is mild. The condition is more
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often detected in children than adults and is
more common on the left side. In some, ureteral
dilation does not progress with age and may
even improve. A rare patient first presents with
a ureteral stone in a megaureter and an already
nonfunctional kidney.

Differential diagnosis includes ureteral 
dilation secondary to reflux (megacystis-
megaureter) and distal anatomic ureteral
obstruction. Generally the distal ureter is not
narrowed in a setting of reflux. At times a ret-
rograde study is necessary to exclude anatomic
obstruction.

Trauma
A renal injury classification scale, devised by 
the American Association for the Surgery of
Trauma, is outlined in Table 10.1. New classi-
fications of renal trauma continue to be devised,
indicating that there are perceived limitations 
of the prior systems. Radiologic classifications
have also been published.

In a setting of abdominal trauma, clinical
evaluation of genitourinary trauma is notori-
ously difficult. As a result, at least in the United
States, trauma physicians are rather generous in
obtaining screening imaging studies in these
patients, thus achieving a low yield for positive
studies.

Penetrating Injuries
Intravenous urography is insensitive in evaluat-
ing renal damage from a penetrating injury,

and, if stable, these patients generally undergo
CT. Kidney damage due to anterior abdomi-
nal gunshot and knife wounds invariably also
involves intraperitoneal structures, and most of
these patients are explored. As a result, some
surgeons argue against a need for any preoper-
ative abdominal imaging studies. Flank or pos-
terior stab wounds, on the other hand, are often
evaluated with contrast-enhanced CT and the
results are used to guide therapy.

Blunt Trauma
Clinical

Blunt renal injuries consist of contusion, lacer-
ation, rupture, and injury to the renal pedicle.
Ureter rupture due to blunt trauma is rare.
Most ureteral injury is from gunshot and stab
wounds.

Renal trauma should be suspected in a setting
of shock, hematuria, or adjacent fractures.
Several studies have correlated the lack of
hematuria with absence of major urinary tract
injury, yet occasional patients without hema-
turia do have urinary tract injury, especially to
the renal pedicle and ureter, and the degree of
hematuria does not correlate with the extent of
the injury eventually detected. Even a major
ureteral laceration does not lead to hematuria in
about one third of patients. Leakage from the
urinary tract results in an accumulation of urine
and either a urinoma or urinary ascites ensue.

The presence of hematuria, on the other
hand, is generally investigated further with
imaging studies. Often not only is urinary tract

Table 10.1. Surgical renal injury scale

Grade* Type of injury

I Contusion Hematuria with normal urologic studies
Hematoma Subcapsular, nonexpanding

II Hematoma Perirenal, nonexpanding
Laceration Parenchymal,<1 cm, without urinary extravasation

III Laceration Parenchymal,>1 cm, without urinary extravasation

IV Laceration Extending through cortex, medulla and collecting system
Vascular Main renal artery or vein injury with contained hemorrhage

V Laceration Shattered kidney
Vascular Hilar avulsion with devascularized kidney

* Advanced one grade for multiple injuries, up to grade III.
Source: Modified from Moore et al. (26).
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injury present but also multiorgan damage.
Incidentally, not all red urine represents blood.
Porphyrins and certain drugs and foods lead 
to red-colored urine. About 15% of the popula-
tion has a genetic predisposition to beeturia,
due to the betalaine red pigment found in beet
root.

In children, the kidney is the most common
organ injured in blunt abdominal trauma. Com-
plicating the issue is that congenital malforma-
tions need be considered. Thus underlying
hydronephrosis or even an extrarenal pelvis
predisposes to a laceration or avulsion.

A rare cause of nontraumatic ureteral hema-
toma is overcoagulation.

Imaging

Intravenous urography is no longer the primary
imaging modality for renal trauma, having been
supplanted by CT, which also evaluates other
intraabdominal structures. If CT is not readily
available, urography is an alternate for evaluat-
ing the upper urinary system. A normal IV
urogram essentially excludes major renal and
ureteral injury, although rare instances of severe
renal laceration have not been detected with an
urogram.

Limited urography, consisting of a scout 
radiograph, a radiograph shortly after contrast

injection, and perhaps another one in 5 minutes
or so (called “one-shot urography” by some cli-
nicians) is a fast study to assess gross renal func-
tion and establish that there are indeed two
kidneys in an unstable patient, but it is inade-
quate to assess for underlying renal trauma 
and should be discouraged in stable patients. It
is a useful study in unstable patients who then
undergo immediate exploration; their renal
status is determined intraoperatively.

Many trauma patients have multiple injuries
and, in the United States and some other coun-
tries, if they are hemodynamically stable,
contrast-enhanced helical CT has become the
screening tool of choice. Precontrast images are
generally not obtained. An early-phase CT eval-
uates the renal pedicle and overall vascularity,
a parenchymal-phase CT detects renal lacera-
tions, and a delayed-phase CT provides infor-
mation about contrast excretion and possible
extravasation (Fig. 10.4). Such a technique also
evaluates injury to the liver, spleen, pancreas,
and adjacent structures. In particular, one
should not rely on early-phase images to
exclude collecting system injury with contrast
extravasation; delayed scans are necessary. At
times delayed serial postcontrast views reveal
an increasing CT density or MR signal intensity
in adjacent fluid, confirming extravasation.

In some countries US is the primary imaging
modality in evaluating renal trauma. Ultra-

Figure 10.4. Perirenal hematoma. A: CT identifies left perirenal fluid in a man who fell down stairs. (Courtesy of Patrick Fultz, M.D.,
University of Rochester.) B: Contrast-enhanced CT in another patient reveals a focal fluid collection anterior to the left kidney (arrows).
(Courtesy of Algidas Basevicius, M.D., Kaunas Medical University, Kaunas, Lithuania.)
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sonography can detect major vascular injury,
renal fracture, or gross extravasation. It is a
common modality in children. Nevertheless,
accuracy of US appears to be less than with CT
and even iv urography.

Currently MRI is not the initial imaging
modality in suspected renal trauma, with avail-
ability, cost, and imaging time delays being
some of the factors involved. Nevertheless, MRI
complements CT in some trauma patients, espe-
cially those with equivocal CT findings, those
who need repeat imaging studies, and those
with an iodine allergy.

Ureteropelvic junction avulsion consists of
complete ureteral transection, and thus no con-
trast is identified in the distal ureter, but con-
trast extravasation is evident, often perirenal 
in location. Although ureter nonvisualization is
at times even a normal finding, in the appro-
priate clinical setting such a finding suggests 
avulsion, and a more specific study of ureter
integrity, such as retrograde pyelography,
should be considered. Both contrast extravasa-
tion and contrast in the ureter distally signify 
an ureteropelvic junction laceration. These
findings are detected with both urography and
postcontrast CT, but in any one patient the dif-
ferentiation between avulsion and laceration
can be difficult. Differentiation between avul-
sion and laceration has therapeutic implica-
tions because the latter is often managed
conservatively.

At times a preexisting abnormality alters an
otherwise more typical appearance of renal
trauma. A renal cyst is prone to rupturing
during blunt abdominal trauma, and the patient
develops either hematuria or retroperitoneal
hemorrhage. Such trauma-induced rupture of a
renal cyst modifies the appearance of an associ-
ated hematoma. Ultrasonography identifies an
acute hematoma as an isoechoic or hyperechoic
tumor mimicking a neoplasm; it becomes more
heterogeneous during resolution.

Renal scintigraphy has a role in detecting
urinary leaks in patients with a contraindication
to IV contrast. It is also often employed in renal
transplant patients.

Vascular Injury
Renal pedicle injury consists of renal artery or
major vein laceration, avulsion, or thrombosis.

An associated extraperitoneal hematoma is
common. In some centers angiography is the
imaging modality of choice with suspected
renal pedicle injury; in others CT is preferred
(Fig. 10.5). The lack of contrast enhancement 
of renal parenchyma is a hallmark of pedicle
injury, a finding that is not always reliable. Some
patients have partial parenchymal enhance-
ment in spite of main renal artery and vein 
disruption, at times due to an intact accessory
renal artery, extensive capsular collaterals or
even flow being maintained by an adjacent
hematoma. Computed tomographic detection
of an extensive extraperitoneal hematoma is
common with a pedicle injury.

An arterial intimal tear can initially lead to an
intimal flap and evolve into a thrombus. Exten-
sive involvement results in a lack of perfusion
and excretion by the kidney involved, although
distal ischemia is usually segmental rather than
the entire kidney being involved. Occlusion of
the main renal artery or of a main branch is
equally well seen either by contrast-enhanced
helical CT or angiography in most, but not all,
patients. Occasionally helical CT identifies an

Figure 10.5. Aortography in this patient after a motorcycle
accident reveals complete left renal artery occlusion (arrow) due
to a subintimal tear. No renal function was evident. No extra-
vasation was seen. (Courtesy of David Waldman, M.D., University
of Rochester.)
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abrupt cut-off to the renal artery. Contrast-
enhanced helical CT should also detect any
pseudoaneurysms.

Retrograde flow of IV contrast into the renal
vein suggests renal artery obstruction.

Avulsion results in renal infarction. A
hematoma surrounds the site of rupture and 
at times a postcontrast study detects contrast
extravasation. Renal artery thrombosis or renal
pedicle avulsion should be suspected with post-
contrast nonvisualization of a kidney, although
an absent kidney, vascular spasm, or simply an
ectopic kidney outside the imaged field results
in similar findings.

Ultrasonography of some renal pedicle rup-
tures is initially noncontributory, and either CT
or renal arteriography is required to exclude
major pedicle injury.

Occasionally occult renal injury results in
posttraumatic arterial hypertension. Whether
computed tomography angiography (CTA) or
arteriography should be performed is debat-
able, although arteriography is considered to be
the gold standard. Renal artery or major branch
laceration or intrarenal artery constriction is
detected in some of these patients.

Renal vein thrombosis results in an enlarged
kidney and a delayed and diminished nephro-
gram. Renal vein laceration leads to a per-
inephric hematoma that tends to mask the
seriousness of an underlying vascular injury.
Quite often CT suggests a laceration only indi-
rectly if a follow-up scan reveals an increasing
perinephric hematoma.

Therapy
A rather conservative therapeutic approach is
evolving for CT-detected renal trauma in stable
patients. For similar injuries some urologists
favor exploration while others manage them
conservatively as long as the patient is hemody-
namically stable. When contemplating nephrec-
tomy versus conservative therapy of a damaged
kidney, a postcontrast CT finding of enhancing
parenchymal rim, even if thin, and excretion of
contrast into calyces should suggest a more 
conservative approach. Percutaneous interven-
tional techniques suffice for some compli-

cations. With continued bleeding, after diag-
nostic angiography establishes a site of hemor-
rhage in patients with traumatic kidney 
injury, transarterial superselective embolization
should stop the bleeding in most patients. Most
localized extravasations resolve spontaneously.
On the other hand, patients with renal pedicle
trauma require prompt revascularization to
avoid future kidney loss.

Most unrecognized complications manifest
within the first 4 weeks of injury; the excep-
tions are hypertension, hydronephrosis due 
to partial obstruction, infected urinoma, and
pyelonephritis. A devitalized kidney segment
predisposes to subsequent infection.

Injuries to the main renal artery are treated
either by surgical revascularization or conserv-
atively. Percutaneous insertion of an endovas-
cular stent suffices for some vascular injuries.
Posttherapy hypertension can be due to either
an initial injury or a therapy complication.

Posttherapy renal function can be confirmed
by scintigraphy.

Small or Large Kidney(s)
At times imaging reveals a kidney that is 
smaller or larger than normal. Some of the con-
ditions associated with smaller than normal
kidneys having a smooth outline are listed in
Table 10.2. It is difficult in an older patient to
determine if a small kidney is secondary 
to congenital hypoplasia or dysplasia or is due
to an acquired condition such as ischemia or 
infection.

Hypotension results in an increasingly dense
and persisting bilateral nephrogram postcon-
trast in kidneys that appear smaller than usual.
A similar but unilateral nephrogram occurs
with urinary tract obstruction and acute renal
vein thrombosis.

Conditions leading to an enlarged kidney are
limited (Table 10.3). Diffuse tumor infiltration
results in a poorly defined border between
tumor and normal parenchyma, making detec-
tion difficult. A reniform shape is generally 
preserved. In children, the most common cause
of bilateral enlarged kidneys is leukemic
infiltration.
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Infection/Inflammation
Acute Pyelonephritis
There is no uniform agreement on how to
describe an acute bacterial infection of the
kidney. Such terms as acute pyelonephritis, acute
bacterial nephritis, lobar nephritis, and lobar
nephronia abound in the literature and are often
applied haphazardly. In addition, some patients
have a pyelitis only, with relative parenchymal
sparing. The Society of Uroradiology has rec-

ommended that the term acute pyelonephritis
be adopted for this condition and this term is
used here. Two complementary but distinct
definitions are available for acute pyelonephri-
tis: a clinical one and a pathologic finding.

Most acute pyelonephritis is secondary to 
an ascending infection. The less common
hematogenous source of acute pyelonephritis
often results in a different appearance from that
seen in a setting of reflux; the inflammation ini-
tially is not lobar in distribution; rather, multi-
ple foci of involvement predominate in the renal
periphery. Eventually, however, most inflamma-
tions become confluent, and their appearance is
similar regardless of origin.

Pathologically, a focal involved segment is
sharply demarcated from adjacent normal
parenchyma. In some, tissue necrosis progresses
to frank abscess and, with a severe-enough
inflammation, the extrarenal space becomes
involved.

Table 10.2. Conditions associated with a small, smooth
kidney(s)

Congenital causes
Dysplasia
Hypoplasia
Prune belly syndrome (Eagle-Barrett syndrome)
Laurence-Moon-Biedl syndrome (?)
Sequelae of multicystic dysplasia
Alport’s syndrome

Infection/inflammation
Chronic pyelonephritis
Chronic glomerulonephritis
Post-infection or obstruction

Radiation (late)

Papillary or cortical necrosis

Medullary cystic disease

Amyloidosis (late stage)

Lead poisoning

Hemophilia

Chronic vesicoureteral reflux

Diabetes (late stage)

Collagen vascular disorders

Vascular causes
Associated with hypertension

Renal artery stenosis
Nephroptosis
Dissection

Ischemia
Arterial

Emboli
Thrombosis

Chronic renal vein thrombosis
Hypotension
Nephrosclerosis

Table 10.3. Enlarged kidney(s)

Congenital causes
Dysplasia
(Poly)cystic disease
Hemihypertrophy

Trauma

Urinary obstruction

Infection/inflammation
Acute pyelonephritis
Acute glomerulonephritis
Acute interstitial nephritis
Abscess
Chronic infection

Diffuse infiltration
Neoplasia
Amyloidosis (initially)
Sarcoidosis

Lymphangiectasia

Acute tubular necrosis

Diabetes (initially)

Nephrotic syndrome

Vascular causes
Acute renal vein occlusion
Hemolytic-uremic syndrome
Sickle cell disease

Transplanted kidney
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Most treated acute pyelonephritis leads to no
sequelae. A minority of patients develop corti-
cal scarring, which is detectable with scintigra-
phy or urography. Renal insufficiency is rare;
perhaps more common is renal hypertension.

Children

Clinical

Especially in children, it is reasonable to ascribe
acute pyelonephritis to vesicoureteral reflux 
and retrograde introduction of bacteria. The
problem is that in children with acute
pyelonephritis only about half are shown to
have reflux, while reflux is even less common in
adults. Both vesicoureteral reflux frequency and
grade progressively decrease with age.

End-stage renal disease secondary to postin-
fectious nephropathy probably occurs only after
pyelonephritis, rather than after such urinary
tract infections as cystitis. There is thus a need
for a reliable test to detect pyelonephritis,
especially in young children where a clinical
diagnosis is difficult.

Because congenital urinary tract anomalies
are not uncommon in children with a urinary
tract infection, the underlying anatomy needs to
be studied. Especially in young children, vesi-
coureteral reflux is common in association with
acute pyelonephritis, and thus voiding cys-
tourethrography (or in some centers radionu-
clide cystography) appears reasonable. After the
age of 9 to 10 years or so, reflux in association
with acute pyelonephritis is sufficiently uncom-
mon that a need for voiding cystourethrography
is individualized.

Imaging

Neither an IV urogram nor US is sufficiently
sensitive to serve as a screening test for
pyelonephritis in children. Most urograms
during an acute attack are normal. In some chil-
dren considerable time elapses before sufficient
renal damage develops to be visible with urog-
raphy. In a minority, the involved kidney is
enlarged and a delay and decreased contrast
concentration are evident. The affected kidney
returns to normal size in a week or so after the
start of treatment. Urography is normally per-
formed primarily to detect other associated
conditions, such as obstruction. Computed

tomography is also normal in a minority of
these children.

Ultrasonography reveals a hyperechoic renal
sinus in some children with in acute pyelon-
ephritis (27), yet both US and power Doppler US
findings range from normal to focal or multifo-
cal defects, and normal US does not exclude
parenchymal damage; even Doppler US under-
estimates the extent of involvement.

In children, Tc-99m-DMSA scintigraphy is
more sensitive in detecting pyelonephritis than
is US or IV urography and appears to be even
more sensitive than CT and is preferred in
detecting and following renal damage due to
acute urinary tract infection. While planar
DMSA scintigraphy does detect renal cortical
defects, DMSA-SPECT detects more and is 
preferred. Tc-99m-DMSA scintigraphy reveals
parenchymal findings suggestive of pyelon-
ephritis in a majority. In some, DMSA scintig-
raphy simply shows swollen kidneys, with
swelling obscuring the focal defects. Never-
theless, although a high sensitivity is achieved
in detecting pyelonephritic cortical damage,
scintigraphy cannot exclude the diagnosis.

Tc-99m-MAG3 and Tc-99m-glucoheptonate
are also used to evaluate pyelonephritis in chil-
dren. Using a mild (grade 1), moderate (grade
2), and marked (grade 3) scale to grade the
severity of decreased radionuclide localization,
MAG3 studies were able to detect 79% of grade
2 and 96% of grade 3 cortical lesions but only
59% of grade 1 lesions compared with Tc-99m-
glucoheptonate scans (28).

In a study of children with fever-producing
urinary tract infection, gadolinium-enhanced
MRI detected more pyelonephritic foci than Tc-
99m-DMSA cortical scintigraphy (29). The role
of MR in this setting is still evolving.

Adults

Clinical

An unusual organisms, Mycoplasma hominis, is
occasionally implicated in acute pyelonephritis.
It should be considered if the patient does not
improve with conventional antibiotic therapy
and no organism is identified; special urine cul-
tures are necessary to grow this organism.

Renal vein thrombosis, a common complica-
tion of acute pyelonephritis in the preantibiotic
era, currently is rarely encountered.
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One approach is to treat patients with sus-
pected uncomplicated acute pyelonephritis
medically for 72 hours, and limit imaging 
only to those who do not respond or respond
poorly. Diabetics and other high-risk patients
should undergo imaging early in the course of
infection.

Imaging

Imaging has a limited role during most episodes
of clinical acute pyelonephritis in adults; in
many patients no imaging abnormality is found,
yet imaging is often obtained—not to detect
infection, but rather in a search for underlying
congenital abnormalities that predispose to
infection and detect any obstruction, stasis,
calculi, or focus of infection.

Intravenous urography appears indicated 
in diabetics, patients not responding to anti-
biotics within 72 hours, and in a setting of an
unusual organism. Suspected progression to 
an abscess or other complication warrants CT.
A percutaneous nephrostomy is indicated 
with the presence of an obstructed collecting
system.

The kidneys increase in size during acute
pyelonephritis. In some adults focal swelling
and decreased attenuation persists for months.
If pyelonephritis is severe enough, both in chil-
dren and adults the final end point is focal scar-
ring of the affected lobe.

Mild acute pyelonephritis does not result in
any specific CT findings. Either focal swelling or
enlargement of the entire kidney develops with
more severe involvement. Precontrast images
occasionally show hypodense or hyperdense
regions compared to normal parenchyma, with
increased attenuation probably representing
focal hemorrhage. Postcontrast CT in some
patients reveals perfusion defects extending
from the papilla to the periphery. At times 
the involved parenchyma exhibits near-water
density, or delayed postcontrast scans show
enhancement of involved segments.

Computed tomography detects postcon-
trast renal perfusion defects in up to two 
thirds of patients with acute pyelonephritis,
depending on the severity of infection. These
defects range from unilateral to multifocal 
and bilateral. The temporal findings are not con-
stant and can change rapidly. Thus a hypodense
heterogeneous region can evolve into a streaky,

hyperdense appearance. In general, the CT
findings do not change clinical management.
Perinephric inflammation is evident with some
infections, and CT reveals thickening of Gerota’s
fascia and stranding in the perinephric fat.

With a hematogenous origin, instead of
wedge-shaped defects, more numerous rounded
low-attenuation parenchymal defects predomi-
nate. An occasional patient develops a focal
intraparenchymal homogeneous tumor mim-
icking a neoplasm without other parenchymal
or perirenal abnormalities.

Ultrasonography identifies hydronephrosis,
but is relatively insensitive in detecting renal
parenchymal inflammation. A majority of
pyelonephritic kidneys appear normal. With a
severe inflammation, US identifies hypo- to
isoechoic and occasionally even hyperechoic
regions. The latter presumably represent 
hemorrhage. Compared to transabdominal US,
Doppler US appears to improve the detection of
acute pyelonephritis, although it probably is not
as sensitive as CT.

Because of cost and restricted availabil-
ity, MRI currently plays a limited role in most
patients with suspected acute pyelonephri-
tis. During an acute attack the kidney is
hypointense on T1- and hyperintense on T2-
weighted images.

Tc-99m-DMSA renal scintigraphy either
reveals a normal scan or identifies cortical
defects; in a setting of acute pyelonephritis,
scintigraphy appears to be more sensitive than
IV urography or US.

Emphysematous Pyelonephritis
Clinical

Emphysematous pyelonephritis is not a separate
entity, but a severe type of necrotizing
pyelonephritis. The criteria for defining this
condition are not settled; some authors define
emphysematous pyelonephritis only if gas is
found within renal parenchyma, while others
expand the definition and include gas not only
within the parenchyma but also in the excretory
system and perirenal spaces. Emphysematous
pyelonephritis should be differentiated from
emphysematous pyelitis; the latter is a generally
benign condition consisting of gas in the
urinary collecting system.
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Emphysematous pyelonephritis develops
mostly in diabetic patients, both insulin and
non–insulin dependent. Concomitant urinary
obstruction is more common in nondiabetics. It
is a rapidly progressive, life-threatening infec-
tion associated with gas-forming coliform bac-
teria such as Escherichia coli and others. It is
almost always unilateral. The simultaneous
occurrence of emphysematous pyelonephritis
and emphysematous cholecystitis is rare.

Gas is located in the renal parenchyma,
perirenal tissues, and at times the collecting
system.

Imaging

In spite of some authors’ opinion that a diagno-
sis of emphysematous pyelonephritis should be
made by CT, quite often conventional radiogra-
phy is sufficient to detect this condition. Thus in
patients with emphysematous pyelonephritis
diagnosed by CT, abnormal gas was identified
with conventional radiography in 66% and US
in 88% (30). When localized, emphysematous
pyelonephritis can mimic an abscess (Fig. 10.6).

Emphysematous pyelonephritis generally is
not associated with ureteral obstruction.

The imaging appearance of emphysematous
pyelonephritis consists of either parenchymal
destruction with absence of fluid or the pres-

ence of streaky or mottled gas, or it contains
either renal or perirenal fluid and bubbly or 
loculated gas or collecting system gas. Such dif-
ferentiation appears to be of prognostic impor-
tance because the former patients have a more
fulminant course.

Therapy

Although some of these patients respond to
medical management, many undergo a nephrec-
tomy. Some have been successfully treated with
imaging-guided percutaneous drainage, but
such drainage is not feasible with diffuse
involvement. Some drained patients subse-
quently require elective nephrectomy for ade-
quate therapy.

The serum creatinine level is the most reliable
predictor of outcome. Affected kidneys tend to
recover function after medical therapy, although
many of these patients with underlying diabetes
already suffer from chronic renal failure.

Abscess
The term renal carbuncle is used by some radi-
ologists; it has no specific imaging definition
and some use it as a synonym for renal abscess.
The term is probably best avoided in describing
imaging findings.

Figure 10.6. Emphysematous pyelitis. A: Ultrasonography in a woman with cirrhosis and portal hypertension reveals hyperechoic
structures with distal shadowing (arrows) in the right kidney. B: Transverse postcontrast CT identifies a gas-fluid level in a dilated
calix (arrow). Follow-up CT 3 weeks after therapy revealed a normal appearing right kidney. (Source: Roy C, Pfleger DD, Tuchmann C,
Lang HH, Saussine CC, Jacqmin D. Emphysematous pyelitis: findings in five patients. Radiology 2001;218:647–650, with permission
from the Radiological Society of North America.)
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At times acute pyelonephritis progresses to
scattered small abscesses, which eventually coa-
lesce into a gross abscess. The involved kidney
is often enlarged. An abscess tends to be sharply
marginated and has a rim of contrast enhance-
ment. A subcapsular abscess displaces and 
compresses the adjacent renal parenchyma.
Gas within an abscess is not common. Some
renal abscesses are associated with extrarenal
abscesses in adjacent structures.

In general, CT detects renal and extrarenal
abscesses better than US (Fig. 10.7). Still, US
detects the larger abscesses and often is more
readily available in monitoring resolution.
Ultrasonography of an abscess identifies a
complex, thick-walled, cystic, fluid-containing
mass. Abscesses tend to be hypoechoic or ane-
choic. With maturity the abscess outline be-
comes better defined.

Gadolinium-enhanced MRI reveals renal
abscesses as heterogeneous hypointense
tumors; perinephric inflammatory stranding is
common. The MRI findings are similar to those
seen with contrast-enhanced CT, and in patients
who should not receive iodinated contrast, MRI
is a viable alternative.

An abnormal scintigram showing photopenic
regions in the kidney is nonspecific and does
not differentiate between inflammation and
abscess.

The imaging differential for most intrarenal
abscesses includes a hemorrhagic or infected
cyst and a cystic neoplasm.

Pyonephrosis
Pyonephrosis defines an obstructed and
infected renal collecting system. Invariably
renal parenchymal damage due to acute
pyelonephritis is also present. Clinically these
patients range from being asymptomatic to
being in septic shock. Stones account for most
distal obstructions. Pyonephrosis is not clini-
cally evident in some and only an obstructed
urinary tract is suspected until aspiration pro-
vides the diagnosis.

In a rare patient infection leads to gas within
the excretory system, called emphysematous
pyelitis. This condition must be differentiated
from bladder reflux, recent instrumentation,
or a bowel fistula, conditions that can also intro-
duce gas into the renal excretory system.

The affected kidney usually shows little or no
function. Urine in pyonephrosis tends to have
increased CT attenuation. At times gray-scale
US detects hyperechoic debris or gas, although
in many patients only hydronephrosis is found.

An occasional pyonephrosis ruptures and
results in a perinephric abscess. Even rarer is for
such rupture to result in generalized peritonitis.

Fungal Infection
Urinary fungal infections are encountered 
with increasing frequency both because of the
wider use of broad-spectrum antibiotics and 
an increasing number of immunocompro-
mised patients. The most common organism 
is Candida albicans, followed by Torulopsis
glabrata. Some fungal infections develop 
bilaterally.

Most renal candidiasis occurs in a setting 
of systemic involvement. Typically numerous
abscesses are scattered throughout the kidneys,
similar to bacterial infections. Occasionally col-
lecting system involvement results in a fungus
ball, an appearance similar to an intraluminal
tumor, but a fungus ball moves with a change in
patient position and can even obstruct outflow.
Fungus balls tend to be heterogeneous and
hypodense, with no contrast enhancement,
while US reveals a hyperechoic tumor with no
posterior acoustic shadowing (31).

Figure 10.7. Right renal abscess. Contrast-enhanced CT reveals
a huge fluid-filled structure at the superior pole of the right
kidney (arrows). It was drained percutaneously. (Courtesy of
Patrick Fultz, M.D., University of Rochester.)
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Tuberculosis

Most urinary tuberculosis is due to hematoge-
nous spread. At times the primary site is not
identified, although active or inactive lung
disease is found in a majority. Although initially
both kidneys are infected, disease often pro-
gresses unilaterally.

Among 57 patients with urogenital tubercu-
losis, fever, anorexia, and weight loss were
evident only in 11%, 16% had an isolated genital
lesion, and, surprisingly, 14% presented with
renal failure (32); bacilluria was identified only
in 5%. These patients have a sterile pyuria,
microscopic hematuria, and an acidic urine. The
diagnosis is confirmed by urine culture, a pro-
cedure taking up to 4 weeks.At times US-guided
aspiration is helpful in establishing the diagno-
sis. A polymerase chain reaction to detect
mycobacterial DNA has a high sensitivity and
establishes the diagnosis.

Urography was abnormal in 80% of affected
individuals, with the most frequent abnormality
being a nonfunctioning silent kidney found in
40% (32).

Focal infections, or tuberculomas, develop
initially. Tuberculomas tend to be hypointense
on both T1- and T2-weighted MRI, provided
they contain no calcifications, hemorrhage, or
fibrosis. These either resolve spontaneously or
enlarge, become necrotic, and communicate
with the collecting system, spreading infection
distally. Imaging at this stage reveals irregular,
necrotic, and moth-eaten papilla, at times 
mimicking papillary necrosis due to other
causes. Some calyces become obstructed due to
infundibular stenosis. Strictures range in loca-
tion from calyces to ureters, leading to obstruc-
tion and further damage. Cortical scarring,
calyceal distortion, and strictures with caliecta-
sis develop. In some, CT simply identifies small
hypodense tumors along the renal cortex (33).
Ulcerations, abscesses, and fibrosis dominate
the late stages of infection. Extension of infec-
tion outside the kidney leads to perinephric
abscesses. Calcifications vary from curvilinear
to diffuse, from homogeneous to granular. If
neglected, eventually the small, calcified kidney
loses all function.

Ureteral involvement results in a shaggy,
irregular lumen. A dilated ureter ensues with
ureterovesical junction obstruction. In time, the
ureter wall thickens, ulcers develop, and exten-

sive fibrosis leads to foreshortening. Ureteral
calcifications are uncommon, thus aiding in 
distinguishing tuberculosis from the more
common ureteral calcifications found in 
schistosomiasis.

Some patients with bladder trigone involve-
ment develop upper tract obstruction and 
eventually renal function is lost even if the
obstruction is relieved by stenting or a percuta-
neous nephrostomy; a kidney can deteriorate
from an acceptable pretherapy glomerular
filtration rate to becoming nonfunctional after
relief of an obstruction. Predictors of renal
recovery after diversion are an adequate resid-
ual renal cortex and a glomerular filtration rate
of >15 mL/min.

At the more advanced stages CT and urogra-
phy should suggest the diagnosis. In some pa-
tients xanthogranulomatous pyelonephritis is in
the differential. At times a tuberculous kidney
develops a fistula to an adjacent organ.

Schistosomiasis
Schistosomiasis generally affects the lower
portion of both ureters. Involvement is usually
bilateral and results in stenosis and a thickened
ureteral wall. Often multiple strictures are
evident and proximal ureteral dilation develops.
Early in the course a contrast study often reveals
soft tissue polyps. Calcifications develop with
chronic infection and have a characteristic
linear appearance; a diagnosis of schistoso-
miasis can be strongly suggested if such
calcifications are seen in a young adult from
endemic regions.

Curiously, in distinction to bladder involve-
ment, ureteral schistosomiasis is not associated
with a high risk of ureter cancer.

Echinococcal Cyst
Although uncommon, hydatid cysts do occur in
the kidneys, with Echinococcus granulosus being
more common than Echinococcus multilocu-
laris. In rare instances renal cysts develop bilat-
erally. Ureteral cysts are rare. No age group is
immune, including children.

Patients are often asymptomatic until the
pressure on an adjacent structure or cyst
rupture develops. Rupture into a collecting
system leads to hydatiduria and possible renal
colic due to cyst debris.
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Extensive cyst wall calcifications are
common. A typical appearance is a calcified
tumor compressing the pelvicalyceal system or
ureter, at times identified even with conven-
tional radiography. Similar to the liver, some
cysts contain mural nodules (Fig. 10.8). The
presence of a solid component within a cyst
mimics a renal cell carcinoma. At times “sand”
is detected in the dependent portion of a cyst.
Daughter cysts lead to a multiloculated appear-
ance. In time, calcified daughter cysts result in 
a cysts-within-a-cyst appearance, a finding sug-
gesting the diagnosis.

Most hydatid cysts have mixed echogenicity
on US.

As in the liver, percutaneous drainage of renal
hydatid cysts is a therapeutic option.

Brucellosis
Brucellosis is rare in the kidney. These infec-
tions range from acute focal brucella nephritis,
to a focal brucelloma, to diffuse. All ages are
affected.

Actinomycosis
Renal actinomycosis is readily confused with 
a malignancy, leading to a nephrectomy.

Percutaneous needle aspiration tends to be non-
diagnostic. Some patients require several explo-
rations and numerous intraoperative biopsies to
establish a correct diagnosis.

Similar to other sites, renal actinomycosis
often progresses to extensive fistulas, including
renoenteric fistulas. This chronic infection is a
cause of retroperitoneal fibrosis and obstructive
uropathy.

Botryomycosis
Botryomycosis, or a chronic bacterial infection
consisting histologically of abscesses containing
bacteria-bearing granules, is rare in the kidney.
Most often Staphylococcus aureus is involved.
The imaging appearance in some patients
mimics a renal cell carcinoma. The diagnosis
consists of detecting aggregates of organisms in
sulfur-like granules within an abscess or urine.
These granules should not be confused with
actinomycosis.

Leishmaniasis
Infestation with protozoan parasites of the
genus Leishmania ranges from cutaneous
lesions to fatal systemic involvement. In 
southern France, Leishmania infantum is
endemic, is carried by sand flies, and causes
infantile leishmaniasis (Mediterranean visceral
leishmaniasis).

Leishmaniasis of the genitourinary tract is
rare. Its imaging appearance mimics pyonep-
hrosis caused by more common organisms.

Filariasis
Chyluria, or white urine, is a complication of
filarial infection, found most often in tropical
regions. It is probably due to focal lymphatic
rupture into collecting systems. In temperate
climates chyluria is due to retroperitoneal
malignancy, trauma, or chronic infection result-
ing in lymphatic obstruction.

Pedal lymphoscintigraphy using Tc-99m–
sulfur colloid detects retrograde lymph flow
into the kidneys.

Chyluria due to filariasis was successfully
treated by endoscopic coagulation of suspected
rupture sites, most often in a caliceal fornix 
(34).

Figure 10.8. Primary renal hydatid disease. Unenhanced CT
reveals a hypodense tumor in the left kidney. Peripheral daugh-
ter cysts and calcifications are evident. (Source: Polat P, Kantarci
M, Alper F, Suma S, Koruyucu MB, Okur A. Hydatid disease from
head to toe. RadioGraphics 2003;23:475–494, with permission
from the Radiological Society of North America.)
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Viral Infection
Hantavirus infection leads to an interstitial
hemorrhagic nephritis, occasionally progress-
ing to acute tubular necrosis (discussed in a
later section). Some evidence suggests that Han-
tavirus infection is a risk factor for subsequent
renal hypertension.

Chronic Pyelonephritis
(Nephropathy)
Chronic pyelonephritis is not a single disease
but rather a convenient description of a number
of related entities. Pathologists tend to sub-
divide chronic pyelonephritis into interstitial 
and granulomatous varieties, with the latter
including such entities as xanthogranulomat-
ous pyelonephritis, malacoplakia, and renal 
tuberculosis.

An association between vesicoureteral reflux,
urinary tract infection, and subsequent renal
damage is well known, with such terms as reflux
nephropathy and postinfectious nephropathy
applied to this condition. If unchecked, renal
injury has the potential to progress to overt end-
stage renal failure.

Vesicoureteral reflux in children progressing
to intrarenal reflux leads to renal damage
(intrarenal reflux implies reflux into ducts of
Bellini). Reflux into collecting tubules is more
common in compound papillae, which in turn
are more often located in the renal poles.
Thus intrarenal reflux and clinical chronic
pyelonephritis progress to loss of renal
parenchyma, typically at the renal poles, mani-
festing with imaging as renal scarring. Scarring
results in inhomogeneous contrast enhance-
ment and is also detected with DMSA scintigra-
phy. With progression, scarring eventually
evolves into small, lobulated kidneys, distorted
and clubbed calyces, and renal cortical juxta-
papillary scarring, findings that are readily
detected, although whether a small kidney 
is secondary to chronic damage due to vesi-
coureteral reflux or whether it represents con-
genital renal hypoplasia cannot be ascertained.

With enough loss of renal function, a nonin-
volved contralateral kidney becomes hyper-
trophic. At times normal residual parenchyma
in a focally diseased kidney also undergoes
compensatory hypertrophy.

Problems arise in detecting progression of
renal damage. Neither IV urography nor US nor
scintigraphy provides an accurate quantitative
assessment of residual normal renal tissue.
Computed tomography and probably MR can
measure remaining renal parenchymal volume
and thus provide prognostic data.

Xanthogranulomatous
Pyelonephritis
Xanthogranulomatous pyelonephritis is an
atypical, chronic renal inflammation often pro-
gressing to parenchymal destruction. It ranges
from focal, where it mimics a neoplasm, to
diffuse, but bilateral involvement is uncommon.
With some, fistulas develop into surrounding
structures, including the colon (35). It can
evolve into an adjoining abscess. The involved
kidney enlarges and either functions poorly 
or is nonfunctioning. Women are more often
affected; it occurs in children, where this 
diagnosis is often not considered. In fact, in chil-
dren xanthogranulomatous pyelonephritis and
resultant end-stage pyelonephritis are not un-
common causes for a nephrectomy.

Histology reveals an inflammatory infiltrate
containing large lipid-filled macrophages (xan-
thoma cells), fibrosis, and fat necrosis if the
perirenal fat is involved. An uncommon associ-
ation is with an underlying malignancy.

A common clinical presentation is anemia,
leukocytosis, and flank pain. A majority of
patients have urinary obstruction due to
nephrolithiasis, at times even a staghorn calcu-
lus. Urography and US reveal calculi, hydro-
nephrosis, or a renal tumor, findings that are
nonspecific. Computed tomography findings
include renal enlargement, usually the presence
of a calculus, scattered hypodense regions rep-
resenting obstructed calyces and other fluid-
filled cavities, and, at times, extrarenal phle-
gmon extension. Chemical-shift MR aids in
detecting fat. The kidney does not function with
diffuse involvement. Inflamed tissue surround-
ing a cavity often enhances with contrast. An
occasional fistula develops, including a 
renocolic fistula.

A minority of patients present with a tumoral
form mimicking renal carcinoma, with imaging
often suggesting a neoplasm, and even produc-
ing a vena cava thrombus. A biopsy is often nec-
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essary to establish a diagnosis. In general, many
of these patients eventually undergo a nephrec-
tomy. There can be, however, total renal recov-
ery on antibiotic therapy alone.

Malacoplakia
Malacoplakia is an uncommon chronic
inflammatory condition (chronic tubulointer-
stitial nephritis) characterized by round intra-
and extracellular inclusions known as
Michaelis-Gutmann bodies. Histology reveals
large, foamy, granular macrophages with eccen-
tric nuclei and prominent nucleoli containing
laminated inclusions. Macrophage dysfunction
appears to be the underlying pathogenesis. Its
relationship to xanthogranulomatous pyelonep-
hritis remains conjecture.

Malacoplakia affects a number of organs,
with the urinary tract being the most common
site. It develops in debilitated and immunocom-
promised patients. Some patients have had renal
transplants. It is more common in women.
Ureteral involvement is less common than renal.
Occasionally it develops bilaterally. Recurrent E.
coli infection is often detected. Inflammation
tends to spread to adjacent structures. Needle
biopsy is often diagnostic.

Contrast CT identifies variable enhancement
of a soft tissue or partly cystic tumor or multi-
ple tumors. Calcifications are not a feature of
this condition. Hydronephrosis develops with
extensive ureteral involvement.

Gallium-67-citrate scintigraphy reveals renal
uptake; serial Ga-67 scanning identifies
decreased uptake or complete resolution after
antibiotic therapy, and this test appears useful
in establishing an end point to therapy.

When extensive, malacoplakia mimics a 
neoplasm, inflammation, or even ureteritis
cystica. An occasional scenario is that imaging
detects a ureteral tumor, a carcinoma is sus-
pected, and a nephroureterectomy is performed;
malacoplakia is diagnosed only on histologic
examination of the resected specimen.

Erdheim-Chester Disease
Erdheim-Chester disease, an uncommon sys-
temic histiocytosis, is discussed in more detail
in Chapter 14.Although retroperitoneal involve-
ment is common, perirenal complications are

unusual and often consist of ureteral obstruc-
tion. Because tissue manipulation tends to exag-
gerate fibrosis, surgery should be avoided in
these patients and obstruction treated with an
endoprosthesis, if possible.

One patient with long-standing extraperi-
toneal Erdheim-Chester disease developed renal
arteries stenosis, bilateral ureteral stenosis, and
an adhesive capsulitis (36).

Sjögren’s Syndrome
Renal involvement is subclinical in many
Sjögren’s patients. Yet the reverse is also true;
at times renal involvement, including severe
hypokalemia, is the initial manifestation of
Sjögren’s syndrome.When present, it most often
manifests as a tubulointerstitial nephritis or
renal tubular acidosis and stone disease, includ-
ing nephrolithiasis and nephrocalcinosis.

An inflammatory tumor develops occasion-
ally. These tumors tend to be heterogeneous and
hypodense with CT and hyperechoic with US.
Differential diagnosis for such a tumor includes
infection, infarction, and a malignancy.

Sinus Lipomatosis
At times a portion or almost the entire kidney
is replaced by fat, most often unilaterally, called
replacement lipomatosis. Rarely, perirenal or
even periureteral tissues are also involved.
Many of these patients have a long history of
chronic infection, calculi, and renal atrophy. An
obstructing calculus is identified in some, and
these kidneys often have decreased function 
or are nonfunctioning. Xanthogranulomatous
pyelonephritis, in particular, is often associated
with lipomatosis, yet these are two distinct 
entities. Little evidence suggests a neoplastic
association.

Histology reveals renal parenchymal atrophy
and extensive replacement lipomatosis, in dis-
tinction to the large lipid-filled infiltrating
macrophages found in xanthogranulomatous
pyelonephritis

The involved kidney enlarges. Renal sinus 
fat is exaggerated and replaces atrophied
parenchyma. This extensive fat deposition is
identified by CT and US and aids in differenti-
ating replacement lipomatosis from the infiltra-
tive xanthogranulomatous pyelonephritis. At
times the overall appearance suggests a fat-
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containing neoplasm, but the latter generally
results in little parenchymal atrophy.

Tumors
The Indeterminate Renal Tumor
Wide use of imaging techniques has led to a rise
in the number of incidentally detected renal
tumors. Although many are not associated with
any clinical signs and symptoms and although
most are shown to be simple renal cysts, a
number are neoplastic and thus present a diag-
nostic dilemma. Imaging classification of some
of these is straightforward, but others are inde-
terminate in their appearance. In particular,
tumors <1 cm in diameter are difficult to char-
acterize by imaging, and the literature provides
little guidance about their management. Initial
annual imaging appears reasonable to establish
whether growth occurs, but such an approach is
based more on intuition than on any hard data.
In the very young, the very old, and those with
a limited life expectancy, an argument can be
made for watchful waiting. Imaging and possi-
ble therapy of a small indeterminate renal
tumor in a young adult poses a dilemma; if US
is nondiagnostic for a simple cyst, an argument
can be made for CT follow-up and resection
only if it grows.

In general, CT and MR can readily distinguish
between a benign cyst and a malignancy. More
problematic is differentiating solid tumors—a
renal cell adenoma, carcinoma, oncocytoma,
metastasis, lymphoma, and other less common
tumors tend to have a similar appearance.
The differential diagnosis often also includes
inflammatory conditions, some hemorrhagic or
infected renal cysts, abscesses, and some vascu-
lar abnormalities. Imaging often cannot reliably
distinguish between these conditions, with the
exception of angiomyolipomas. A small but 
heterogeneous tumor generally represents a
cancer, keeping in mind that CT shows some
cancers to be homogeneous. At times CT sug-
gests focal inflammation in a solid tumor by
detecting peripheral rim contrast enhancement.
Perinephric infiltration is found with both
inflammatory conditions and lymphomas.

Most cancers tend to be hypoechoic on US;
hyperechoic tumors range from angiomyolipo-
mas, some cancers and an occasional adenoma.

Hypervascular tumors are generally cancers but
hypovascular tumors include cancers, adeno-
mas, angiomyolipomas and even an occasional
hemorrhagic cyst.

Phase-inversion tissue harmonic imaging is
superior to B-mode US in study of focal kidney
lesions (37); it achieves greater image quality,
lesion conspicuity and better fluid-solid differ-
entiation than B-mode US.

A renal tumor believed to contain a cystic
component is best approached with US; many of
these are identified as simple cysts. Complex
cysts, however, are indeterminate with US and
require further evaluation. Contrast CT, and
lately MRI, are preferred for a tumor containing
a solid component. If needed, scintigraphy 
using a cortical imaging agent distinguishes
functioning renal tissue from nonfunctioning
neoplasms. If the tumor is still indeterminate,
biopsy provides a histopathologic diagnosis 
for most but not all solid tumors, although 
with current imaging few indeterminate renal
tumors need a biopsy.

Among renal tumors suspicious for being
malignant on CT, a majority appear heteroge-
neous on T2-weighted images and enhance on
dynamic MRI. An occasional one does not
enhance, primarily due to hemorrhage, but even
these tend to be heterogeneous on T2-weighted
images (38).

The role of 2-[18F]-fluoro-deoxy-D-glucose
(FDG)-PET in evaluating indeterminate renal
cysts is not defined, and currently insufficient
evidence exists to suggest it for the study of
indeterminate renal tumors.

Nonneoplastic
Ectopic Splenic Tissue

Ectopic splenic tissue within the kidney can
mimic a solid tumor. A radionuclide spleen scan
should suggest the diagnosis.

Lobar Dysmorphism

Renal lobar dysmorphism is a normal develop-
mental variant that simulates a renal tumor.
Some are detected incidentally by imaging. They
range from intrarenal to peripelvic in location.
Contrast CT can suggest the diagnosis; during
the corticomedullary phase the oval-shaped
lobar dysmorphism is detected in the perihilar
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medulla, while the nephrogram phase reveals
accumulation of contrast within pyramids.

Inflammatory Pseudotumor

Inflammatory pseudotumors, of controversial
pathogenesis, are rare in the kidneys or ureters
(this condition is discussed in Chapter 14).
Imaging identifies a soft tissue tumor.

Rosai-Dorfman Disease (Sinus Histiocytosis)

A rare benign entity first described in 1969,
Rosai-Dorfman disease consists of sinus his-
tiocytosis with massive lymphadenopathy,
although several patients with bilateral renal
infiltration by inflammatory cells, including his-
tiocytes, and without adenopathy, have been
described.

Ultrasonography in one patient revealed
large, heterogeneous hypoechoic renal tumors
containing calcifications (39); postcontrast CT
showed less homogeneous tumor enhancement
than renal parenchyma and no invasion, but col-
lecting system distortion was evident.

Hamartoma

A cystic hamartoma of the renal pelvis is a rare
tumor consisting of fibroblasts, smooth muscle,
and epithelial tissue. Some mesoblastic nephro-
mas reported in the literature may represent
cystic hamartomas. These cystic tumors
develop adjacent to the renal pelvis and are
detected by most imaging.

Angiomyolipomas are discussed later in this
chapter (see Mesenchymal Neoplasms).

Fibroepithelial Polyp

The benign fibroepithelial polyp contains
epithelium and stromal tissue. Whether these
polyps represent a hamartoma or are part of a
reactive postinflammatory process is debatable.
Most occur in the renal pelvis. Some develop a
thick stalk covered by normal overlying transi-
tional epithelium. Anecdotal reports describe
multiple ureteral fibroepithelial polyps. They
should be differentiated from papillomas,
which are neoplastic in origin. They are rare in
children.

Clinically, these polyps bleed or the patient
presents with pain due to obstruction.

Intravenous urography and CT identify an
intraluminal polyp. Some of these tumors are
rather large and fill almost the entire renal
pelvis. These polyps are a cause of ureter
obstruction and the resultant hydronephrosis.
An occasional one is cystic and contains septa.

Ureteral fibroepithelial polyps tend to mimic
transitional cell carcinoma. The radiographic
and ureteroscopic appearance of a ureteral
rhabdomyosarcoma suggested a benign
fibroepithelial polyp (40).

Vascular Tumors

Arteriovenous Malformation

Arteriovenous malformations develop in both
the kidneys and the ureters. They are a cause of
hematuria, which at times is massive.

Imaging findings of some renal arteriovenous
malformations are similar to those of renal cell
carcinomas. Some renal arteriovenous malfor-
mations are misdiagnosed with CT as a solid
tumor, suggesting a malignancy.

Hematuria due to an arteriovenous malfor-
mation can generally be controlled by transar-
terial embolization and ablation; hematuria 
can recur and these malformations are
amenable to retreatment; complications include
varying degrees of renal infarction, pulmonary
embolism, and renin-dependent hypertension.

Hemangioma

Most renal hemangiomas occur as part of
Sturge-Weber syndrome or Klippel-Trénaunay
syndrome. They are not common. Both capillary
and cavernous varieties occur, but cavernous
ones are more common. Most renal heman-
giomas are discovered incidentally, with an
occasional one manifesting by bleeding.

Imaging usually suggests a solid renal tumor
similar to a renal cell carcinoma. An occasional
one occurs at the renal hilum or even renal
capsule.

Papillary Endothelial Hyperplasia

Precontrast CT of renal intravascular papillary
endothelial hyperplasia (Masson’s tumor)
revealed a 3-cm perirenal hypodense tumor,
while dynamic CT identified peripheral enhan-
cement during an early phase and homoge-
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neous enhancement during delayed phase (41);
the appearance mimicked a hemangioma.

Cystic Nonneoplastic Conditions

Classification

Some of the renal tumors having a cystic com-
ponent detected with imaging are listed in Table
10.4. Discussed in this section are the more
common cystic renal conditions. Cystic hamar-
tomas have already been mentioned. Various
cystic neoplasms are covered later in their
respective sections.

The Bosniak system of classifying cystic renal
masses is based on their CT appearance (Table

Table 10.4. Renal cystic tumors

Simple cyst

Complex cyst
Hemorrhagic cyst
Infected cyst

Dialysis acquired cysts

Congenital cystic disorders
Multicystic dysplasia
Autosomal dominant polycystic disease
Autosomal recessive polycystic disease
Glomerulocystic disease
von Hippel-Lindau disease
Tuberous sclerosis
Ehlers-Danlos syndrome
Congenital megacalyces

Focal hydronephrosis

Calyceal diverticulum

Pyelogenic cyst

Urinoma

Infection/inflammation

Papillary necrosis

Cystic renal pelvis hamartoma

Cystic neoplasms
Multilocular cystic nephroma
Cystic carcinoma

Vascular causes
Aneurysm
Renal vein varices
Arteriovenous malformations
Hematoma
Hemangioma

Table 10.5. Bosniak system of classifying cystic renal masses

Category I Simple cyst

Category II Mildly complicated but clearly benign
Thin septa, few calcifications

Category III More complicated cyst—indeterminate,
need histological diagnosis

Thicker septa, multilocular, increased
density, more calcifications

Category IV Cystic neoplasm
Thick walls, enhancing soft-tissue

component

Source: Adapted from Bosniak (42).

10.5). It is of practical use. Cysts in category II
contain one to two thin septa; if in doubt, a cat-
egory III cyst should be considered, which has a
more complex gradation, is indeterminate, and
many need a histologic diagnosis. About half
or so of category III cysts are malignant. Solid
nodules in a cyst (category IV cyst) enhancing
with contrast imply a malignancy. Aspiration is
indicated of cysts in category IV, and if the aspi-
rate is bloody a neoplasm is likely. A chronic
renal abscess is in the differential for a category
IV cyst. A study of patients with cystic renal
tumors from two teaching institutions found
that all resected Bosniak category I and 
II tumors were benign and category IV tumors
were malignant (43); on the other hand, 59% of
category III tumors were malignant.

The Bosniak classification does have limita-
tions; some minimally complex cystic renal
tumors contain malignant cells; some malignant
tumors in categories II and III have contrast
enhancement of less than 10 HU. In general, cat-
egory II cysts are better evaluated with CT than
US. Magnetic resonance imaging and renal
angiography have a role in defining Bosniak cat-
egory II and III cysts, but even here diagnostic
confidence is at times difficult, especially with
smaller cystic tumors.

The Bosniak classification has been applied
using MR imaging criteria. In general, CT and
MR imaging findings are similar, but in some
cysts MR depicts additional septa, thicker cyst
wall and septa, or different enhancement pat-
terns, resulting in upgrading of the Bosniak
classification (44).

A primary imaging function both for cysts
and solid tumors is to differentiate intrarenal
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from extrarenal ones, a task not always possible.
Capsular tumors are one example, yet at 
times even a retroperitoneal lesion adjacent 
to the kidney mimics an intrarenal neoplasm.
A rare mucinous cystadenoma originating in
retroperitoneal tissues can suggest a renal cyst.

Simple Cyst

Clinical

Simple renal cysts are present in about 10% of
the population. They are not common in chil-
dren but increase in size and number with age.
Their pathogenesis is unknown. Most simple
cysts are solitary, unilocular, and located in the
cortex, with the more central ones known as
parapelvic cysts. Perinephric cysts are those
located beneath the renal capsule. The terms
parapelvic and perinephric cyst are useful to
describe a cyst’s location. Exoparenchymal cysts
are larger and have a greater tendency to
increase in size than endoparenchymal cysts.

Most simple cysts are detected incidentally.
Some larger ones are associated with hematuria
or flank pain.

Imaging

A simple cyst should have a sharp, well-defined
margin at its interface with normal renal
parenchyma. Simple cysts do not have thick
walls or prominent septa. Likewise, no associ-
ated soft tissue mass should be present. Many of
these cysts are defined by US, but any sugges-
tion of an associated solid component or wall
thickening requires CT, or, in some instances a
biopsy. Some benign cysts have thin, linear
calcifications corresponding to the cyst wall or
septa. Any mottled or amorphous calcifications
should be viewed with suspicion. Septa in a
benign cyst should be uniformly thin.

Computed tomography attenuation of a
simple cyst should be that of water. A density
greater than 10 HU suggests a complex cyst.
Higher densities are seen with hemorrhage into
a simple cyst. Infection results in a thickened
wall. Compared to an unenhanced density, the
attenuation coefficient of a cyst should increase
by no more than 10 HU during the corti-
comedullary and parenchymal phases (45). Any
greater enhancement or nodularity should raise
suspicion for a malignancy. However, a caveat is

in order: a renal cyst attenuation increase up to
about 10 HU postcontrast is often due to an arti-
fact from surrounding parenchymal enhance-
ment (46).

With gray-scale US a simple cyst should show
an anechoic lumen, well-defined walls, acoustic
enhancement posterior to the cyst, and no as-
sociated nodularity or wall thickening. Thin
septa may be identified, findings often not seen
with CT.

The differential diagnosis for a “simple 
cyst” detected by gray-scale US includes an
obstructed calyx, calyceal diverticulum, papil-
lary necrosis, an aneurysm, and a vascular
tumor. A pseudoaneurysm mimics a cyst on
gray-scale US, and Doppler US is necessary to
differentiate between them; Doppler US shows
no flow, thus excluding a vascular lesion (except
a thrombosed one).

Similar to other nonflowing fluid of water
density, a simple cyst is hypointense or almost
has a signal void on T1- and is hyperintense on
T2-weighted MRI. It does not enhance postcon-
trast. The cyst wall should be imperceptible;
otherwise a more complex cyst etiology should
be suggested.

Therapy

A high recurrence rate is common after aspira-
tion of a simple cyst. Typical therapy consists of
percutaneous injection of a sclerosing agent,
with repeat injection if a cyst recurs. Use of 95%
to 98% alcohol is effective and leads to complete
regression of most cysts, except those >10 cm in
diameter. One technique consists of catheter
insertion under US control, cyst drainage and
sampling for bacteriologic and cytologic study,
cyst opacification with contrast, instillation of
roughly half the cyst volume of ethanol, and
clamping for 20 minutes. Some authors prefer
two sequential sclerosing agent injections over
a 48-hour period. Local infiltration or intravas-
cular injection results in lysis of cell membrane,
protein denaturation, local vascular occlusion,
and cell death.

Laparoscopic decortication of simple renal
cysts is effective therapy for pain relief. Such
therapy must be limited to Bosniak categories I
and II cysts with their low risk for cancer.

In an occasional hypertensive patient,
drainage of a simple cyst corrects hypertension;
rather than ascribe hypertension directly to the



604

ADVANCED IMAGING OF THE ABDOMEN

cyst, it is more likely that the cyst had com-
pressed and narrowed an adjacent renal artery.

Parapelvic Cyst

Radiologists describe a cyst located in the renal
sinus region, adjacent to renal pelvis, as a renal
sinus cyst or parapelvic cyst. Most are simple
cysts. Many of these cysts presumably form by
prior urine extravasation or are embryologic
lymphocysts. Most are detected as an incidental
finding, but an occasional one compresses the
adjacent renal pelvis sufficiently to produce
some degree of obstruction. They vary in size,
and range from solitary to multiple and unilat-
eral to bilateral.

These cysts mimic a portion of the renal 
collecting system on precontrast imaging and
do not enhance on postcontrast CT. Delayed
images postcontrast identify the lack of com-
munication with the urinary collecting system.
At times US confuses a parapelvic cyst with
hydronephrosis. An occasional one suggests a
cystic neoplasm.

Complex Cyst

While a complex cyst is a pathologic entity, radi-
ologists use the term in a descriptive sense for
a cyst containing blood, septa, a thick wall, or
calcifications. Complex cysts have thicker walls
than simple cysts, better defined septations,
a suggestion of nodularity, and calcifications
may develop, or they do not contain clear fluid.
Occasionally a fluid–fluid level develops in a
cyst after a recent hemorrhage. Differentiation
from a simple cyst is one of gradation. Thus
bleeding or infection in a simple cyst changes
cyst fluid composition and leads to wall thick-
ening. From an imaging viewpoint, the major
importance of a complex cyst is its mimicry of
a malignant cyst.

The risk of a complex cyst being malignant
increases with imaging findings of more
complex structures; thus discrete cyst wall
thickening, irregular septations, or any nodular-
ity points toward a cystic malignancy, and aspi-
ration of such a cyst serves little purpose; even
if a benign aspirate is obtained, such a cyst
should be assumed to contain a malignant 
component.

Increased fluid echogenicity is generally sec-
ondary to blood or infection.

Delayed postcontrast CT is occasionally
helpful in differentiating a homogeneous
complex renal cyst from a neoplasm; those
showing no change in attenuation between
initial postcontrast and delayed CT are most
consistent with a cyst, but cysts showing an
attenuation decrease suggest presence of vascu-
larity (47).

Pre- and postcontrast MR is helpful in evalu-
ating complex cysts, although the MR appear-
ance of benign and malignant complex cysts
overlaps. Cyst content varies considerably in
intensity on precontrast T1- and T2-weighted
images due to different protein concentrations,
but cyst content should not enhance postcon-
trast. In particular, a complex cysts containing a
heterogeneous MR fluid signal intensity should
be viewed with suspicion for a malignancy.
Cysts with an irregular, thick cyst wall or mural
nodules tend to be malignant.

An occasional cyst is more dense than renal
parenchyma on precontrast CT. These hyper-
dense cysts contain old blood, milk of calcium,
or a similar component. In fact, a cyst may not
be suspected because of the hyperdense CT
appearance; US should reveal their cystic
nature. These cysts may contain internal echoes.
While some of these cysts may be followed seri-
ally, an occasional cystic renal carcinoma also
has a hyperdense CT appearance.

Infected Cyst

An infected cyst often develops a discrete, thick-
ened wall. Gas or debris is part of the cyst
content in some. Septations develop in both
infected and hemorrhagic cysts.

Most suspected infected cysts are drained
both for therapy and to exclude an underlying
malignancy.

Hemorrhagic Cyst

In adults, hemorrhage into a benign renal cyst
is relatively common. It is rare in children.
Nevertheless, caution is required in ascribing
hemorrhage to an underlying benign cyst; hem-
orrhage also occurs into renal cell carcinomas,
especially in patients with renal failure.

Computed tomography of a hemorrhagic 
cyst reveals a hyperdense cyst. Cyst content 
does not enhance postcontrast. Gray-scale US
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shows increased internal echoes. If followed
serially, findings should regress with time. In an
occasional hemorrhagic cyst both CT and US
suggest a solid tumor, and these cysts are gen-
erally resected.

T2-weighted MRI within days of hemorrhage
into a cyst reveals a hypointense signal. Later,
hemorrhage results in a hyperintense signal 
on both T1- and T2-weighted images. Some
hemorrhagic cysts contain a fluid–fluid level. A
benign cyst should have a very thin wall.

Lymphangiectasia

Renal lymphangiectasia (also called lymphan-
giomatosis and lymphangiomas when cystic) 
is considered to be a lymphatic developmental
malformation, although some authors believe
inflammation and lymphatic blockage are incit-
ing factors while still others classify it as a mes-
enchymal neoplasm. A rare familial association
is described. These cysts are lined by endothe-
lial cells. They are rare in the kidneys. Most
affected patients are asymptomatic, but pain or
hematuria is an occasional presentation. A rare
association is with renal vein thrombosis.

Detected mostly in children and young
adults, renal lymphangiectasia is one of the
causes of an enlarged kidney. Lymphangiomas

appear as multicystic tumors, peripelvic or per-
inephric in location. Rather than being cystic, at
times diffuse perinephric fluid is identified. This
fluid is close to water density, except if tainted
by hemorrhage. Aside for an often more periph-
eral location and perinephric fluid, imaging
findings tend to mimic multilocular cysts found
in more common disorders.

In some, lymphangiectasia is associated with
a preserved rim of renal cortex and decreased
medullary attenuation. Ultrasonography reveals
a hyperechoic kidney. Computed tomography
and US findings suggest the diagnosis (Fig.
10.9). Aspiration of chyle from perinephric fluid
should be diagnostic.

Localized Cystic Disease

Localized cystic disease of the kidney is a
descriptive term for a condition that cannot be
readily classified. These patients had unilateral
multiple cysts varying in size, separated by
normal renal parenchyma, and contained in a
larger nonneoplastic tumor (48). No family
history of autosomal-dominant polycystic
kidney disease is found. Hematuria or flank
pain is a usual presenting symptom. Imaging
reveals one or several cysts in a larger tumor, at
times suggesting a cystic neoplasm.

Figure 10.9. Renal lymphangiectasia. A,B: Transverse contrast-enhanced CT images show bilateral perirenal fluid (arrows),
peripelvic fluid (arrowheads), and fluid around great vessels. Attenuation of the perinephric collections is less than 10 HU (Source:
Ramseyer LT. Case 34: renal lymphangiectasia. Radiology 2001;219:442–444, with permission from the Radiological Society of North
America.)
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Renal Cell Adenoma and
Adenocarcinoma
Throughout this book most benign and malig-
nant neoplasms are discussed as separate enti-
ties, but such differentiation is impractical with
renal cell adenomas and carcinomas. Whether a
renal adenoma is a separate and distinct entity
or whether it is a premalignant version of a
renal cell carcinoma is debatable. Indeed, patho-
logic criteria defining a renal cell adenoma are
not clear and while clinically a distinction is
obviously desirable, both pathologically and
radiologically the boundaries between renal cell
adenomas and adenocarcinomas are blurred.
Tumors smaller than about 3 cm tend not to
metastasize, and some investigators believe
these represent mostly adenomas. From an
imaging viewpoint it appears best to discuss
these tumors as part of a spectrum.

The term hypernephroma is often used 
synonymously for a renal adenocarcinoma.
An older term, Grawitz tumor, is rarely 
encountered.

Classification

One practical classification of renal cell adeno-
mas and carcinomas is based on their primary
morphological features (49):

1. Clear cell type carcinomas
2. Chromophil (papillary) adenomas and

carcinomas
3. Chromophobe adenomas and carcinomas
4. Duct of Bellini carcinomas
5. Oncocytic adenomas (oncocytoma)
6. Metanephroid adenomas
7. Transitional cell carcinomas
8. Neuroendocrine carcinomas

Tumors originating from proximal tubules
(clear cell and chromophilic cell types) make 
up approximately 85% of renal cancers (49);
tumors from connecting tubules and ducts
(chromophobic, ducts of Bellini, and oncocytic)
make up about 11%. Others are rare.

Collecting duct carcinomas occur in a wide
age range and are more common in males. They
are centered in the renal medulla but infiltrate
extensively, and many patients already have

metastases at initial presentation. Classification
of these carcinomas is incomplete. Renal
medullary carcinomas associated with sickle
cell trait (discussed later) are also collecting
duct neoplasms.

One limitation of a morphologic classi-
fication as outlined above is the heterogeneity of
some of these tumors. To overcome this, the 
Heidelberg Classification of Renal Cell Tumors
was developed in 1996, based on tumor genetic
properties correlated with their histologic
findings (50); this classification subdivides 
renal cell tumors into benign and malignant
parenchymal neoplasms. Benign tumors are
further classified into metanephric adenomas
and adenofibromas, papillary renal cell adeno-
mas, and oncocytomas. Malignant tumors are
classified into conventional renal cell adenocar-
cinoma, papillary (chromophil) renal cell carci-
noma, chromophobe renal cell carcinoma, and
collecting duct carcinomas. Some of these
tumors cannot be readily classified. Others 
represent separate entities.

At times helical CT findings can suggest a
particular subtype. Clear cell carcinomas have
greater contrast enhancement than chromophil
(papillary), chromophobe and duct of Bellini
carcinomas (51); chromophobe carcinomas
tend to have homogeneous contrast enhance-
ment. Calcifications are more common in chro-
mophil and chromophobe carcinomas than in
other types. The latter tend not to invade venous
structures.

Clinical Aspects

General

Discussed in the next few sections are the clin-
ical, imaging, and therapeutic aspects of the
most common type of renal cell carcinoma,
namely clear cell adenocarcinomas. Cystic car-
cinomas, chromophil carcinomas, and others
are covered in later sections.

No specific serum markers are available for
renal cell carcinomas. Renal cell carcinomas 
do not produce a-fetoprotein, with an occa-
sional exception. Although of limited sensitivity
and specificity, a radioimmunoassay of tumor-
associated trypsin inhibitor appears promising.

Renal cell carcinomas are not common in
children; their prevalence increases with age.
When detected in childhood, these tumors tend



607

KIDNEYS AND URETERS

to be at an advanced stage. Yet prognosis
appears favorable even at this stage.

Hematuria is still the primary presentation
for about 60% of these tumors; a minority
present with systemic symptoms or a paraneo-
plastic syndrome. Flank pain or a palpable mass
is found in a minority.

Paraneoplastic Syndrome and 
Systemic Manifestations

Renal cell carcinoma is associated with several
paraneoplastic manifestations. A nephrogenic
liver dysfunction syndrome without jaundice
(Stauffer’s syndrome) or cholestatic jaundice
develops in some patients.

Some renal cell carcinomas produce hor-
mones that have their own manifestations.
These include renin (hypertension), parathor-
mone (hypercalcemia), erythropoietin (ery-
throcytosis), gonadotropin (gynecomastia), and
adrenocorticotrophic hormone (Cushing’s syn-
drome). Hyperglycemia is rare. Hypercalcemia
occurs in a number of clinical settings, includ-
ing such malignancies as lung, breast, ovary,
squamous cell, and renal, and some hematologic
cancers. Hypercalcemia is rare with other geni-
tourinary malignancies.

Some patients with proven renal cell carci-
noma and without an obvious cause of serum
alkaline phosphatase elevation, such as metas-
tases or other liver or bone diseases or preg-
nancy, have an elevated phosphatase level,
probably due to a paraneoplastic syndrome. In
some patients alkaline phosphatase normalizes
after nephrectomy, and metastases develop later
without phosphatase elevation.

Etiology

Several syndromes are associated with familial
renal cell carcinomas, with the best known
being von Hippel-Lindau disease. Renal cell car-
cinomas in this disease tend to be multicentric
and bilateral.

Hereditary papillary renal cell carcinoma is
probably in a distinct class of inherited malig-
nancies. Germline missense mutations, allelic
losses and duplications of certain chromo-
somes, and mutation of the VHL gene occur 
in some renal cell carcinomas. Involved 
individuals appear to exhibit an autosomal-

dominant transmission with reduced pene-
trance. A number of these hereditary renal cell
cancers are detected incidentally in asympto-
matic individuals. Currently a patient present-
ing with bilateral, multiple, or an early onset of
renal cancer should be investigated for von
Hippel-Lindau disease and possibly other 
syndromes. Birt-Hogg-Dubé syndrome, proba-
bly familiar only to dermatologists, appears to
be associated with familial renal tumors, includ-
ing oncocytomas and papillary renal cell carci-
nomas (52).

Patients in chronic renal failure undergoing
dialysis who then develop acquired cystic
kidney disease are at increased risk of develop-
ing renal cell carcinomas. These cancers tend to
be hypovascular and difficult to detect early in
their course.

Exposure to certain chemicals increases the
risk of developing renal cell carcinoma. Thus
long-term exposure to trichloroethylene, an
industrial solvent, leads to an increased inci-
dence of these tumors. Patients exposed to high
and cumulative doses of this solvent have muta-
tions in the VHL gene. An association exists
between the number of mutations and the
severity of exposure to this solvent (53); the
mutations are often multiple and show a loss of
heterozygosity.

Radiation therapy–induced renal cell carci-
noma is rare. In the few reported patients, radio-
therapy occurred several decades earlier.

With the increased survival seen after therapy
for childhood neuroblastomas, these patients
appear to be at increased risk for subsequent
renal cell carcinoma.

Associated Conditions

A synchronous second primary is uncommon,
with anecdotal reports describing double
primary tumors of the kidney and ovary. A
higher than expected synchronous association
appears to exist between renal cell carcinoma
and non-Hodgkin’s lymphoma. A greater than
expected risk of a metachronous second
primary also exists in these patients, with the
most frequent second neoplasm being in the
gastrointestinal tract.

Renal cell carcinoma is association with renal
cystic diseases, including simple renal cysts,
acquired cystic diseases of the kidney, multilo-
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cular cysts, and occasionally even polycystic
kidney disease.

Incidental Tumor

Most studies suggest that incidentally discov-
ered renal cell carcinomas tend to be smaller,
are more often localized to the kidney, show less
vascular invasion, and are of a lower tumor
stage, and these patients have greater survival
compared to a symptomatic tumor. Some
studies suggest, however, that no prognostic 
differences exist for the same tumor stage.
Practically, numerous exceptions exist and it is
difficult to generalize.

Over the last several decades the number of
incidental renal cell carcinomas detected has
increased considerably, while deaths from renal
cancer have decreased. A kidney-sparing opera-
tion is now much more often feasible than in the
past. Of interest is that the examination most
responsible for discovering an incidental tumor
is US.

Multicentric Tumors

Renal cell adenomas and carcinomas occur
bilaterally and are often multicentric (Fig.
10.10). Multiple synchronous renal cell carcino-
mas occur in von Hippel-Lindau disease and the
acquired cystic conditions developing in end-
stage renal disease. The reported prevalence 
of multicentricity varies, ranging from 10% to
almost 50%. Whether a relationship exists
between multicentricity and the size or stage of
a primary tumor is not clear, realizing that
whether a partial or total nephrectomy is 
performed is often based on the size of the 
carcinoma.

A rare patient is found to have multiple renal
cell adenomas or adenomatosis. This condition
is more common in a setting of end-stage renal
disease.

Growth

Renal cell carcinomas tend to be relatively slow-
growing tumors. Typical tumor volume dou-
bling time is over 1 year; on the other hand,
metastases grow considerably faster, and the
microenvironment appears to play a role in
their growth rate. Because of their slow growth,
watchful waiting appears appropriate for some

of these patients. Nevertheless, tumor size is
related both to tumor stage and survival, with
larger tumors generally being of an increased
stage and associated with a worse prognosis;
keep in mind that some very large renal cell car-
cinomas tend to have a favorable prognosis.

Rare spontaneous regression of a renal cell
adenocarcinoma is reported. Most contain
calcifications or a cystic, necrotic cavity and few
viable carcinoma cells.

Screening

Several sonographic screening studies have
eventually led to a renal cell carcinoma diagno-
sis in <0.2% of healthy adults. Most detected
hyperechoic renal tumors are angiomyolipo-
mas, with others being some other tumor, a cyst,
or simply a normal variant.

Pathologic Study

Renal adenomas are defined as those having a
low nuclear grade tubulopapillary histology,
and <5 mm in diameter (54); most are located in
the cortex and have a discrete border. Autopsy
studies commonly identify what appear to be
cortical adenomas. Pathologists use the term
renal cortical neoplasm of low malignant poten-
tial for similar low-grade histology but slightly
larger tumors (54).

Renal cell carcinomas show considerable his-
tologic variability. Many adenocarcinomas have
varying degrees of tubular differentiation. Some
are difficult to classify. Some require immuno-
histochemical staining and electron microscopy
for adequate evaluation.

One grading scheme consists of applying the
worst grade that occupies more than 10% of a
tumor; the presence of a higher grade, the
number of satellite tumors, and vein invasion
are directly proportional to tumor size. Thus
small carcinomas tend to contain more grade 1
carcinomas, with their frequency decreasing
with increasing tumor diameter as grade 3
cancers increase in frequency; venous involve-
ment and risk of metastases also correlates
directly with tumor size. Multifocal carcinomas
are also more prevalent in larger tumors. Necro-
sis, hemorrhage, and cystic degeneration are
common in larger cancers. They invade locally,
spread to regional lymph nodes, and metasta-
size mostly hematogenously.



609

KIDNEYS AND URETERS

Some renal cell carcinomas contain intracel-
lular lipid and glycogen; the clear cell appear-
ance of chromophobe carcinomas is due in large
part to such lipid content. In fact, fat staining for
intracellular lipid is an established technique to
identify renal cell carcinomas in urine cytology
specimens. This lipid is rarely detected by CT,
but needs to be taken into account with more
sensitive MR studies.

Detection

One problem in comparing results from differ-
ent studies is that often renal cell carcinomas are
not subclassified into subtypes, yet the subtype
affects not only its imaging appearance but also
the prognosis. For instance, the MR appearance
of most clear cell carcinomas is different from
that of papillary cell carcinomas. And not all of

Figure 10.10. Bilateral renal cell carcinomas. A: Inferior pole right
renal tumor. Arterial phase (B) and delayed phase (C) of smaller
left renal midpole tumor (arrow). The patient underwent a right
nephrectomy and left wedge resection. (Courtesy of David
Waldman, M.D., University of Rochester.)
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these tumors are malignant, thus affecting prog-
nostic considerations.

Although hematuria has numerous causes,
generally a neoplasm needs to be excluded and
both upper and lower urinary tracts must be
studied. Traditionally, IV urography was the
initial study for the upper urinary tracts but it
has been supplanted in some institutions by US,
although the documentation for such a change
is rather weak. In either case, if one study is 
negative and a bladder tumor has been
excluded, then the other study is indicated.
Some investigators believe that with a negative
first study, CT should be the second study, but
here also firm evidence is lacking. With an
ambiguous first study, on the other hand, CT
seems reasonable.

A minority of renal cell carcinomas contain
calcifications, with the prevalence increasing
with tumor size. Calcifications range from punc-
tate to linear and are located either in the center
or on the periphery. Peripheral calcifications are
seen more often in association with cysts but do
occur in cystic adenocarcinomas. Calcifications
are less common in most other solid renal
tumors, and detection of calcifications makes a
renal cell carcinoma more likely.

Renal function tends to be preserved except
with very extensive tumors. Lack of function
should suggest renal vein thrombosis.

Using current imaging techniques, in general,
any solid non–fat-containing renal tumor

should be considered malignant. Adenomas
have a similar imaging appearance to that of
carcinomas (Fig. 10.11). Serial follow-up is
problematic because some renal cell carcinomas
show little or no size change over a year or more.
Renal cell cancers tend to be larger, are more
round and more encapsulated than metastases.
Enlarged perirenal lymph nodes, on the other
hand, are more common with metastases.

Ultrasonography is generally the first imag-
ing test obtained in children with a palpable
abdominal tumor. Except for a suspected cystic
tumor, either contrast CT or MRA is obtained
next.

Computed Tomography

Computed tomography is considered to be
accurate in detecting renal tumors. Some
studies have reported CT sensitivities and
specificities >98% in detecting these tumors, but
enthusiasm for these high percentages should
be tempered by an inherent build-in patient
selection bias. Detection varies with tumor size,
with a majority of tumors <5 mm not detected.

Because most renal cell carcinomas originate
from the cortex, a renal contour bulge is
common. On precontrast CT most small tumors
are isodense to renal parenchyma. Larger
tumors tend to necrose and bleed and are 
heterogeneous in appearance. Postcontrast,
carcinomas exhibit variable CT enhancement,

Figure 10.11. A renal adenoma (arrows) is isointense on T1- (A) and T2- (B) weighted MR images. (Source: Burgener FA, Meyers SP,
Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic Resonance Imaging. Stuttgart: Thieme, 2002, with permission.)
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generally less than normal renal parenchyma
(Figs. 10.12 and 10.13). Small tumors tend to
have homogeneous contrast enhancement,
while larger ones are heterogeneous. A nonen-
hancing central scar surrounded by an irregular
enhancing rim is found in some. Larger tumors
tend to have an indistinct margin between the
tumor and the adjacent normal parenchyma.
A not uncommon appearance for a renal carci-
noma at initial presentation is that of a large

hypervascular tumor having inhomogeneous
contrast enhancement.

Computed tomography often detects collat-
eral renal capsular veins, and at times even
gonadal vein collaterals. These collateral veins
are a manifestation of the extensive high-flow
state and arteriovenous shunting present in
many of these highly vascular tumors; they tend
to be more prominent with larger tumors. An
arteriovenous fistula is detected in some
cancers.

A common assumption is that radiographi-
cally visible fat does not occur in a renal cell car-
cinoma, and the presence of fat, if detected by
CT, essentially excludes a carcinoma. Yet excep-
tions do occur. Some renal cell carcinomas
encase adjacent fat. Metaplasia within a necrotic
tumor results in fat. The presence of fat is even
more relevant with MR studies (discussed later).

Ultrasonography

Renal cell carcinomas range from hypoechoic 
to hyperechoic compared to normal renal
parenchyma. Acoustic shadowing is not found.
Smaller tumors tend toward a hyperechoic
appearance, and US cannot differentiate small
renal cell carcinomas from angiomyolipomas.
An anechoic or hypoechoic rim is detected in 
a minority of solid renal cell carcinomas, a
finding not seen with angiomyolipomas. Con-

Figure 10.12. Clear cell renal cell carcinoma. A: Corticomedullary phase CT shows a heterogeneously enhancing tumor (arrow.) 
B: Nephrographic phase CT better defines tumor. (Source: Szolar DH, Kammerhuber F, Altziebler S, et al. Multiphasic helical CT of the
kidney: increased conspicuity for detection and characterization of small (<3 cm) renal masses. Radiology 1997;202:211–217, with
permission from the Radiological Society of North America.)
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Figure 10.13. Right renal cell carcinoma. Computed tomo-
graphy identifies a poorly enhancing tumor (arrow). (Courtesy
of Algidas Basevicius, M.D., Kaunas Medical University, Kaunas,
Lithuania.)
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trast enhanced second harmonic US detected a
rim of perilesional enhancement, mostly in the
tardive phase, in 86% of renal cell carcinomas
but not in noncarcinomas (55).

Doppler US detection of blood flow within a
cyst suggests a malignancy. Hypervascularity,
intratumoral high flow arterial signals, and a
high pulsatility index within a complex cyst 
also suggest a malignancy. Some inflammatory
tumors, however, have similar findings; also,
hypovascular malignancies will be missed.
In particular, small tumors are difficult to 
characterize.

Magnetic Resonance

Magnetic resonance is useful in renal cancer
detection and preoperative evaluation when
other imaging modalities are limited by arti-
facts or the use of iodinated contrast agents is
contraindicated. Current MRI techniques
achieve accuracies in renal tumor detection and
characterization similar to those of CT.

Small renal cell carcinomas tend to be hypo-
to isointense on T1-weighted MR images and
iso- to hyperintense on T2-weighted images;
regions of high signal intensity on precontrast
T1-weighted images represent intratumoral
hemorrhage, while hypointensity on T2-
weighted image is caused by hemosiderin,
hemorrhage, or necrosis. Considerable intensity

variation exists, however, and some small
tumors are missed on noncontrast images (Figs.
10.14 and 10.15). Larger tumors tend toward a
heterogeneous appearance. The use of gadolin-
ium improves tumor detection and characteri-
zation. Postcontrast, carcinomas <3 cm in
diameter range from hypervascular (enhance-
ment greater than that of renal cortex) to hypo-
vascular (56), while those >3 cm tend more
toward hypovascularity.

Some renal cell carcinomas contain sufficient
fat that they undergo a loss of signal intensity
on chemical shift opposed-phase MRI (Figs.
10.16 and Fig. 10.17); generally insufficient fat 
is present to be detected by CT. Magnetic reso-
nance findings in these tumors overlap those
seen with little or no fat-containing angiomy-
olipomas, and thus the dictum that renal cell
adenocarcinomas rarely contain fat should be
modified when applied to MR. These intracellu-
lar lipid-containing carcinomas are mostly
chromophobe (clear cell) carcinomas, and thus
chemical shift imaging tends to differentiate
them from other renal cell carcinomas.
Chemical shift gradient-echo MRI reveals a
significantly higher signal loss in clear cell car-
cinomas compared to non–clear cell carcinomas
(57); a significant correlation exists between
specimen fat staining and signal loss. Signal
intensity loss on opposed phase images is not
seen with all clear cell carcinomas and even in

Figure 10.14. Small alveolar renal cell carcinoma in posterior aspect of right kidney (arrows).The tumor is isointense on T1-weighted
(A) and hyperintense on T2-weighted (B) MRI. (Source: Shinmoto H, Yuasa Y, Tanimoto A, et al. Small renal cell carcinoma: MRI 
with pathologic correlation. J Magn Reson Imaging 1998;8:690–694, with permission of Wiley-Liss, a subsidiary of John Wiley & 
Sons.)
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Figure 10.15. Small papillary renal cell carcinoma (arrows).The tumor is somewhat isointense on T1-weighted (A) and hypointense
on T2-weighted (B) MRI. (Source: Shinmoto H, Yuasa Y, Tanimoto A, et al. Small renal cell carcinoma: MRI with pathologic correlation.
J Magn Reson Imaging 1998;8:690–694, with permission of Wiley-Liss, a subsidiary of John Wiley & Sons.)

A B

Figure 10.16. Magnetic resonance fat detection in clear cell renal cell carcinoma. T2-weighted fast spin echo (FSE) (A) and T1-
weighted spin echo images (B) identify this tumor (arrow). In-phase (C) and out-of-phase (D) chemical shift gradient echo images
show that it has a lower signal intensity on out-of-phase imaging. Chemical shift imaging helps identify fat within clear cell carci-
nomas, which differentiates these tumors from other carcinomas (Source: Yoshimitsu K, Honda H, Kuroiwa T, et al. Magnetic resonance
detection of cytoplasmic fat in clear cell renal cell carcinoma utilizing chemical shift gradient-echo imaging. J Magn Reson Imaging
1999;9:579–585, with permission of Wiley-Liss, a subsidiary of John Wiley & Sons.)
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Figure 10.17. Left renal cell carcinoma. Pre- (A) and postcontrast (B) T1-weighted coronal MR images using fat suppression reveal
a heterogeneous renal tumor (arrow). (Courtesy of Patrick Fultz, M.D., University of Rochester.)
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any one tumor is not uniform, resulting in a het-
erogeneous appearance. Also regions of tumor
necrosis do not lead to a signal loss.

Scintigraphy

Bone scintigraphy can be positive in a hyper-
vascular clear cell renal neoplasm.

An FDG-PET scan detects most but not all
renal cell carcinomas. Angiomyolipomas and
some other tumors result in false-positive
findings, and in renal cancer detection PET
offers no significant advantage over other
imaging modalities. Positron emission tomog-
raphy depicts solid renal neoplasms as regions
of increased uptake and cysts are seen as 
photopenic regions.

Biopsy

In most instances a renal cell carcinoma is diag-
nosed with imaging, and a biopsy or aspiration
cytology is not obtained prior to surgery. Even
tumors with an atypical imaging appearance are
generally investigated surgically. In particular
for small, discrete lesions, the efficacy of aspira-
tion cytology in determining tumor pathology
is limited and has led to complications.

Currently the primary role for aspiration
cytology is in a nonoperable patient where a
tissue diagnosis needs to be established prior to
alternative therapy or if metastases or lym-
phoma are suspected.

Staging

General

Stage is the most important prognostic factor in
renal cell carcinoma patients. Two classification
systems are in use for staging renal cell carci-
nomas: Robson staging system, more popular in
the United States and somewhat simpler to use;
and the tumor, node, metastasis (TNM) system
(Table 10.6). Both suffer limitations to staging
accuracy and both tend to understage more
often than overstage.

Lymphatic spread of renal cell carcinoma
during initial detection is about 10% or less;
most affected patients have advanced stage
disease, distant metastases, a large tumor, and
poor survival.

Imaging

Either a chest radiograph or chest CT is helpful
in a search for metastases, although which of
these two is preferred is debatable.

Currently helical CT is the primary staging
modality used. How reliable is CT in staging
renal cell carcinoma? A number of studies
suggest that overall T-staging accuracy is only
about 60% (58). Although of prognostic impor-
tance, the low CT sensitivity and specificity in
detecting fat invasion is not crucial because per-
inephric fat is also resected during a nephrec-
tomy for cancer and imaging detection of
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perinephric fat invasion does not influence
surgery.

Dynamic MRA is an alternate in place of CT
in a setting of severe renal dysfunction, exten-
sive polycystic kidney disease, or a contraindi-
cation to iodinated contrast media. Potentially,
MR could replace CT in staging these tumors.
Compared to surgical and pathologic staging,
MRI using T1-, T2-weighted, gadolinium

enhanced and time-of-flight sequences
achieved good T and M staging, but was poor
for N staging (59); MRI can readily assess
venous invasion.

Both CT and MR detect adenopathy but
cannot determine whether an enlarged node is
secondary to inflammation or tumor. Some
authors believe that CT staging accuracy for
lymphadenopathy is close to chance (58). The
role of MR in evaluating adenopathy and metas-
tases continues to expand. Ultrasonography
appears inferior in adenopathy detection.

A reasonable preoperative staging strategy in
the occasional pregnant woman developing a
malignant renal tumor consists of abdominal
US and MRI to define local tumor extension 
and a chest radiograph to detect pulmonary
metastases.

Either CT or MR is used to detect adjacent
organ invasion. Bone scintigraphy has a limited
role in initial tumor staging unless clinical or
laboratory evidence suggests bone involvement.

Vascular Invasion

Even small carcinomas tend to invade adjacent
renal vein branches, but extension as a tumor
thrombus into the renal vein and inferior vena
cava is uncommon for small tumors; the risk of
invasion increases with tumor size, and venous
extension to the right atrium is not uncommon
with large tumors (Figs. 10.18 and 10.19). Obvi-
ously, detecting venous extension is important
in planning resection. Imaging should also
detect any anomalous vascularity. Angiography
currently does not have a role in the staging of
renal cell carcinomas but is occasionally per-
formed to define blood supply and as a prelude
to preoperative embolization (Fig. 10.20).
Contrast CT and MRA have supplanted angiog-
raphy’s role both in a search for renal vein inva-
sion and in providing a vascular road map for
the surgeon (Fig. 10.21).

Even small vessel invasion affects prognosis.
One of the reasons is that a tumor thrombus
contains more dividing cells than a primary
tumor, that is, a tumor thrombus has a shorter
tumor doubling time and thus is more aggres-
sive, a conclusion reached by comparing the
proliferation index of primary renal cell carci-
nomas and their corresponding neoplastic
thrombi (60). Patients with renal cell carcino-
mas exhibiting micro- or macrovascular 

Table 10.6. Tumor, node, metastasis (TNM) classification of
primary renal cell carcinoma

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1a Tumor 4 cm or less in greatest dimension 

limited to kidney
T1b Tumor more than 4 cm but less than 7 cm in 

greatest dimension limited to kidney
T2 Tumor more than 7 cm in greatest 

dimension limited to kidney.
T3a Tumor invades adrenal gland or perinephric 

tissues but not beyond Gerota’s fascia
T3b Tumor invades renal vein or vena cava below 

diaphragm
T3c Tumor grossly extends into vena cava above 

diaphragm or invades wall of vena cava
T4 Tumor invades beyond Gerota’s fascia.

Lymph nodes:
Nx Regional lymph nodes cannot be assessed.
N0 No regional lymph node metastasis.
N1 Metastasis in a single lymph node
N2 Metastasis in more than one regional node

Distant metastasis:
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Tumor stages:
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T1 N1 M0

T2 N1 M0
T3 N0 M0
T3 N1 M0

Stage IV T4 N0 M0
T4 N1 M0
any T N2 M0
any T any N M1

Note: Above classification applies to clear cell renal carcinoma,pap-
illary renal carcinoma, chromophobe renal carcinoma, and collect-
ing duct renal carcinoma.
Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.
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Figure 10.18. Venous extension of renal cell carcinoma. A: A cancer has invaded the renal vein to the level of inferior vena cava
(arrow). B: With further growth, the cancer now extends above one of the hepatic veins (arrow).
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Figure 10.19. Venous invasion of renal cell carcinoma. A,B: Two
precontrast CT images identify a right renal tumor and a hypo-
dense right renal vein (arrow) and vena cava. C: A contrast-
enhanced image identifies tumor vessels within the inferior vena
cava (arrow).(Courtesy of Algidas Basevicius,M.D.,Kaunas Medical
University, Kaunas, Lithuania.)
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Figure 10.20. Right renal cell carcinoma. Contrast filling and
stretching of intrarenal vessels in a vascular tumor are evident.
Metastases were also detected. (Courtesy of David Waldman,
M.D., University of Rochester.)

Figure 10.21. Transverse MR image reveals a left renal cell car-
cinoma with renal vein invasion (arrow). (Courtesy of Brian R.
Herts, M.D., Cleveland Clinic Foundation.)

invasion have a significantly worse prognosis
than those without such invasion; prognosis
also varies with the extent of vascular invasion.
Detection of small vessel invasion is beyond the
resolution of the current imaging modalities.

Imaging can determine whether the inferior
vena cava is simply compressed by an extrinsic
tumor or whether a tumor extends intralumi-
nally (Fig. 10.22). The extent of inferior vena
caval involvement determines the type and
complexity of the resection. To reduce blood
loss, surgery in a setting of inferior vena cava
invasion necessitates either direct caval clamp-
ing or the use of cardiopulmonary bypass.
Imaging should thus identify whether a throm-
bus barely involves the vena cava, remains below
most inferior hepatic veins, terminates between
the hepatic veins and the diaphragm, or extends
above the diaphragm and possibly into the right
atrium. Contrast-enhanced imaging differenti-
ates between a bland thrombus and a tumor
thrombus. Invasion of the caval wall, although
not common, is difficult to determine with
imaging, which is unfortunate because invasion
necessitates partial vena caval resection. MR is
superior to both CT and US in detecting inferior
vena cava tumor thrombi, although technically
good CT is often adequate. CT tends not to iden-
tify the cephalad extent of a tumor thrombus.

Preoperative helical CT detects renal vein
invasion with a sensitivity of >80% and a

Figure 10.22. Coronal MR image identifies an intraluminal infe-
rior vena cava filling defect defect (arrow) in a patient with a left
renal cell carcinoma. (Courtesy of Brian R. Herts, M.D., Cleveland
Clinic Foundation.)
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specificity approaching 100%; reported sensi-
tivity varies depending on whether small
intrarenal venous thrombi are considered or
not. False-positive results occur due to
unopacified blood producing a flow void arti-
facts. Magnetic resonance imaging should
detect all distal renal vein involvement; cavog-
raphy should be considered if neither CT nor
MR is satisfactory.

Ultrasonography identifies tumor venous
extension as renal vein or inferior vena cava dis-
tention by echogenic material and decreased or
absent flow in this segment, as detected by
Doppler US. Tumors limited to the intrarenal
veins account for some false-positive results.
The current role of color Doppler US in detect-
ing tumor venous extension appears to be in
those patients with an incomplete or equivocal
CT examination and unavailability of MR.

With a suspected carcinoma invading the
inferior vena cava and possibly extending 
into the right atrium, transesophageal echocar-
diography is useful to establish the cephalad
extent of a cavoatrial tumor and aid surgical
management.

If needed, intraoperative US defines the
extent of vena caval invasion. Ultrasonography
may aid instrument placement and decrease the
risk of tumor thrombus dislodgment.

Therapy

Controversy surrounds the therapy of small 
(<2 cm) renal cell tumors of low malignant
potential. In most patients these tumors are
resected (often with a nephron-sparing resec-
tion), but in a high surgical risk patient an 
argument can be made for CT follow-up and
resection only if tumor growth ensues. Conven-
tional chemotherapy and radiotherapy are
largely ineffective for renal cell carcinomas.

Medical Therapy

Interleukin-2 is a T-cell growth factor that also
enhances natural killer cell function. Its prelim-
inary use suggests a role in metastatic renal cell
carcinoma. The response appears to be greater
for metastatic foci rather than for the primary
renal tumor, with an objective response rate of
about 15% to 30% of patients. Tumor regression
is achieved in up to one third of patients, with 
a complete response in an occasional one.

Interleukin-2 was approved by the Food and
Drug Administration in 1992 for treatment of
metastatic renal cell carcinoma. The response to
interleukin-2 therapy is difficult to evaluate with
imaging due to residual deformity. 2-[18F]-
fluoro-deoxy-D-glucose—PET imaging appears
useful in these patients, but if interleukin-2
therapy is contemplated, a pretherapy scan aids
in establishing a baseline.

Interferons, produced by the body in
response to viral infections, also have an anti-
tumor effect due to direct cytotoxicity and 
activation of a number of immunologic path-
ways. Both recombinant a-interferon and g-
interferon, at times combined, have been used 
to treat metastatic renal cell carcinoma,
although little data is available on the effect of
interferon therapy on survival in patients with
inoperable renal cell carcinoma. Preliminary
results suggest prolonged survival in interferon-
treated patients.

Cimetidine blocks histamine-mediated 
activation of suppressor T-cells and appears to
have antitumor immune properties. Anecdotal
reports suggest a response in some patients
treated with cimetidine for metastatic renal cell
carcinoma.

Resection

Refinements in surgical technique have led to
more conservative surgery such as enucleation
and heminephrectomy. Current experience sug-
gests that in selected patients conservative
surgery is as effective as radical surgery.With an
increasing number of small tumors detected
incidentally, conservative (nephron sparing)
surgery achieves good long-term results. Com-
plicating the issue, however, is multicentricity of
some small tumors. Also, an invasive growth
pattern, high-grade nuclear atypia, and Bellini
duct carcinomas are associated with a poor
prognosis. Some surgeons believe that even with
a localized renal cell carcinoma radical nephrec-
tomy has a role; it has low morbidity, excellent
local tumor control, and high survival. These
surgeons maintain that for patients with a 
normally functioning contralateral kidney,
no convincing evidence exists to justify a
nephron-sparing operation on a routine basis.
Nevertheless, laparoscopic wedge resection of
smaller renal carcinomas is successfully per-
formed. One indication for nephron-sparing
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surgery is bilateral renal cell carcinomas.
Because of its high spatial resolution, intraoper-
ative US is very useful in such a setting to better
define indeterminate lesions, revealing more
extensive or satellite lesions and establishing
tumor margins. Intraoperative US and frozen
section biopsy may spare the patient a 
nephrectomy.

Successful tumor enucleation implies that a
tumor has a discrete border (i.e., has a pseudo-
capsule). Such a pseudocapsule is best defined
by T2-weighted MRI and dynamic T1-weighted
MRI.

Lymphadenectomy is indicated for patients
with enlarged lymph nodes or a large tumor but
without distant metastases and, in general, those
tumors believed to be curable. On the other
hand, the vast majority of patients with lymph
node involvement already have additional,
mostly multifocal metastases, and thus exten-
sive lymph node dissection on a routine basis as
part of a radical nephrectomy appears to have a
limited effect on survival (node dissection is
useful, however, for staging).

Similar to other malignancies, a postopera-
tive imaging study is useful in establishing a
baseline for detecting future tumor recurrence.
Invariably, the underlying anatomy is distorted
at surgery. At times imaging after a nephron-
sparing operation reveals a pseudotumor; these

tumors have round contours and enhance with
contrast, resolving eventually except for a small
cortical scar.

An occasional solitary metastasis is resected.
Pulmonary resection for metastatic renal cell
carcinoma is viable therapy for some selected
slow-growing tumors.

Tumor Embolization

Need for a definitive diagnosis prior to tumor
embolization or ablation therapy is obvious, yet
a number of benign tumors have undergone
needless therapy before a diagnosis is estab-
lished. This problem appears more acute in the
kidney than the liver and often revolves around
nonfat-containing angiomyolipomas.

Tumor embolization is performed both as a
stand-alone procedure and preoperatively.
Embolization of extensive renal cell carcinomas
decreases blood loss and simplifies surgery
(Figs. 10.23 and 10.24). Some patients develop
spontaneous renal vein-to–portal vein ana-
stomoses, and such anastomoses need be 
considered prior to embolization. Aside from
embolization, selective angiography aids in
planning a nephron-sparing operation.

Embolization in a setting of tumor thrombus
in the renal vein or inferior vena cava carries a
potential risk of distal tumor embolization. A

Figure 10.23. Hypervascular renal cell carcinoma. A: Arteriography reveals a right renal tumor (arrows). B: Successful embolization
of the major artery feeding this tumor was performed. (Courtesy of David Waldman, M.D., University of Rochester.)

A B
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suprarenal inferior vena cava filter minimizes
this risk.

A major role for tumor embolization is palli-
ation of hemorrhage or pain in inoperable
patients. Superselective embolization of inoper-
able renal tumors is occasionally performed in
patients with a solitary kidney; insufficient data
preclude drawing any firm conclusions about
the validity of such an approach.

Other Ablation Therapy

Laparoscopic cryoablation of small renal
tumors is feasible (61); the efficacy of such
therapy is incompletely studied.

Percutaneous injection or coagulation
therapy of renal neoplasms has lagged similar
counterparts in the liver. More than in most
other organs, renal neoplasm therapy has
remained in the province of the urologist and
generally intraoperative US guidance is used.

Feasibility of percutaneous image guided
radiofrequency ablation of renal cell carcino-
mas has been established in poor surgical risk
patients (62). Interactive MR image guided
radiofrequency interstitial thermal ablation of
renal cell carcinomas is a new field. A low field
strength unit monitors until the tumor is

replaced by a hypointense zone, identified on
T2-weighted images acquired intermittently
during ablation. Preliminary results are encour-
aging (63). One reported complication is skin
metastasis at the electrode insertion site. Iso-
lated local recurrences after radical nephrec-
tomy are also amenable to radiofrequency
ablation (64). Contrast enhanced CT immedi-
ately after ablation detects residual viable
tumor. US identifies a hyperechoic interface at
the junction of normal renal parenchyma and
frozen tissue.

Therapy for Bilateral Tumors

Conservative surgery, such as heminephrec-
tomies, is the initial consideration for bilateral
and synchronous renal cell carcinomas. Occa-
sionally bilateral nephrectomy and chronic dial-
ysis is the only viable option, in which case renal
transplantation should be considered.

Recurrence/Follow-Up

Renal carcinoma metastases more often are of a
higher grade of malignancy than the primary
rather than of a lower grade. Thus prognosis in
patients with metastatic disease is based both

Figure 10.24. Embolization of right renal cell carcinoma. Images before (A) and after (B) renal artery spring coil embolization prior
to surgery.A considerable decrease in tumor vascularity is evident, but some feeding vessels still remain.(Courtesy of David Waldman,
M.D., University of Rochester.)

BA
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on primary tumor grade and on that of the
metastases.

A small tumor detected on a postcancer
resection imaging study is generally considered
to be a recurrence or a new cancer (assuming it
was not evident on preresection imaging).
The presence of small synchronous renal cell
carcinomas and an increased prevalence of
metachronous cancers suggest that serial
imaging surveillance, possibly on an annual
basis, of residual ipsilateral renal tissue (if any)
and the contralateral kidney is indicated.

Initially most lung metastases are asympto-
matic and are detected by screening. Bone
metastases, on the other hand, become sympto-
matic early on. Chest follow-up is with either
chest radiograph or CT, with proponents advo-
cating either one or the other. Certainly CT is
more sensitive in detecting metastases both in
the chest and adjacent bones (assuming bone
windows are used) and more often detects 
the rare solitary and resectable lung metastasis.
On the other hand, CT also detects benign 
incidental nodules, often leading to unnecessary
biopsy.

Currently CT is the study of choice to detect
abdominal recurrence. Ultrasonography is less
sensitive than CT. Magnetic resonance imaging
is rarely employed for primary screening,
although preliminary evidence suggests that it
is equal, if not superior, to CT in tumor detec-
tion. It has a role in select patients, such as those
with an iodine allergy. Nuclear scintigraphy
requires separate scanning for bone, liver-
spleen, etc. Nuclear scintigraphy is currently the
examination of choice in detecting bone metas-
tases, but whether serial scans are beneficial in
the absence of bone symptoms is debatable, and
they are not often employed.

Rarely, a metastasis regresses spontaneously.
Thus spontaneous regression of pulmonary
metastases does occur. One should realize,
however, that not all lung tumors in a patient
with known renal cell carcinoma are metastases.

Prognosis

Based on tumor recurrence patterns, one rec-
ommended follow-up schedule is based on
tumor stage: patients with stage T1 carcinoma
are evaluated yearly clinically, those with stage
T2 disease also have an annual chest radiograph
and abdominal CT every 2 years, while those

with stage T3 disease undergo abdominal CT
every 6 months for the first 2 years (65).

A nephrectomy in the presence of metastases
is often justified as an attempt to prolong life or
improve quality of life. A cure even after resec-
tion of a solitary metastasis is not common.

Sites of Metastases

Renal cell carcinoma is unpredictable in its
spread, and metastases develop to unusual 
sites. Most common are metastases to the lungs
and bone. Metastasis to the pancreas is not 
rare, in spite of statements to the contrary by
some authors. Some metastases are already
evident at the time of initial cancer diagnosis; in
fact an occasional metastasis is detected and
resected even before the primary tumor site is
discovered.

Spread to the adrenal glands is by either
direct extension or metastasis. Direct adrenal
invasion is uncommon by a superior pole tumor
less than several centimeters in diameter. Some
of these metastases are from a contralateral
kidney, presumably hematogenous in nature.

Unlike transitional cell carcinomas, metasta-
sis along the ipsilateral ureteral stump following
a previous radical nephrectomy is rare for renal
cell carcinomas.

Resection of liver metastasis is often feasible,
especially with a single focus, with prolongation
of survival but at a cost of a high mortality rate.

Late Recurrence

Late recurrence is arbitrarily defined as 10 years
or longer postnephrectomy. Tumor recurrence
years after initial therapy suggests that use of a
5-year survival time frame is too short for this
tumor. Renal cell carcinoma can recur years
after nephrectomy.Anecdotal reports abound of
pulmonary, pancreatic, and other metastases
developing many years after nephrectomy. In
general, prognosis is better in those with late
rather than early recurrence.

Cystic Carcinomas

About 10% of all renal cell carcinomas are
cystic. Complicating the picture is that more
often a solid renal cell carcinoma is associated
with an incidental cyst close by, such as a simple
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cyst or acquired cystic disease of the kidney. The
solid component of most cystic carcinomas is
located close to underlying renal parenchyma.
Rarely, a carcinoma arises from the outer
surface of what appears to be a simple cyst.

Cystic carcinomas are classified into several
patterns: multilocular, unilocular, necrotic, and
those originating in the wall of a simple cyst;
histopathologically, multilocular carcinomas
can be divided into macrocystic and microcys-
tic. Macrocystic tumors appear multilocular on
US and contrast-enhanced CT; angiography
reveals neovascularity in most tumors. When
first detected, most multilocular cystic renal cell
carcinomas already have a significant cystic
component. When small, however, imaging
shows them to be solid, although histology of
resected specimens does reveal a microcystic
component. On precontrast CT, microcystic
tumors range from hypodense to hyperdense
depending on the amount of hemorrhage. They
exhibit slight CT contrast enhancement, are
hyperechoic, and do not appear cystic on US;
MRI reveals high signal intensities on both 
T1- and T2-weighted images, and dynamic
enhancement shows an irregular contrast
enhancement pattern. Angiography of these
small tumors typically shows little evidence of
neovascularity.

Unilocular carcinomas consist of a cystic
tumor containing either an irregular wall or
mural nodules, detected by contrast-enhanced
CT and US. Necrotic tumors range from ane-
choic to varying echogenicity, while their CT
appearance varied from cystic with mural
nodules to an irregular tumor. Neovascularity is
common in viable tumor surrounding necrotic
regions.

US using Levovist enhanced pulse inversion
harmonic imaging shows that the thick wall of
both cystic renal cell carcinomas and complex
inflammatory cysts has intense contrast enhan-
cement during the arterial phase (66).

Larger cystic renal cell carcinomas tend to
have a complex cystic imaging appearance. In
general, a cyst with a thick or irregular wall,
prominent septa, wall calcifications, septations,
or associated with an adjacent soft tissue 
component suggests a malignancy. Neverthe-
less, overlap occurs between benign complex
cysts and cystic malignancies, and tumor
identification is difficult. Temporal changes
occur in some of these tumors. As an example,

a simple renal cyst was resected; 1 year later
numerous cysts encased the kidney, with cyst
walls lined by a single layer of cuboidal epithe-
lium (67). The degree of differentiation argued
against a carcinoma and suggested a cystic
mesothelioma, cystic lymphangioma, or even a
multicystic dysplastic kidney, yet the tumor
recurred repeatedly, invaded bowel, and became
almost solid.

Aspiration cytology tends to be negative with
cystic neoplasms, and a negative aspirate is of
limited significance. A number of cystic carci-
nomas yield clear fluid, but this finding cannot
be relied on. Comparing fluid aspirated from
benign renal cysts and cysts containing a carci-
noma, interleukin-6, basic fibroblast growth
factor concentrations, and epidermal growth
factor levels tend to be higher in malignant
cysts.

Laparoscopic biopsy, followed by open resec-
tion is an option for complex cysts suspicious
for cancer.

Prognosis is similar both for solid and cystic
carcinomas.

Chromophil (Papillary) Adenoma 
and Carcinoma

Renal papillary adenomas are common renal
epithelial neoplasms; most are in the several
millimeter size range. Papillary renal cell carci-
noma is the second most common carcinoma of
the renal tubules. These neoplasms manifest an
adenoma-to-carcinoma evolution, and a contin-
uous tumor spectrum ranging from papillary
adenoma to papillary carcinoma is encoun-
tered. Synchronous papillary renal adenomas
and carcinomas occur. Several families of a
hereditary papillary renal cancer syndrome are
reported.

These tumors tend to be multifocal and bilat-
eral. They have specific immunohistochemical
and genetic features distinct from other renal
carcinomas.

Detected papillary renal cell carcinomas tend
to be large, well-defined, and relatively hypo-
vascular, and tend to enhance less with CT con-
trast than do clear cell tumors. Some exhibit
occasional short intratumoral contrast-related
stranding. Computed tomography revealed 
nine of 10 papillary renal cell carcinomas to be
rounded, well-circumscribed, and sharply mar-
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ginated tumors containing central hypodense
regions representing necrosis, surrounded by
viable tumor seen as contrast-enhancing ser-
piginous tissue (68). An occasional cystic tumor
contains multiple nodules. Some are associated
with cholesterol necrosis and these tumors
mimic an angiomyolipoma (69).

Although US detects fewer papillary tumors
than CT, it aids in evaluating any cystic 
component.

Papillary renal tumors tend to be hypointense
on T2-weighted images, often due to hemo-
siderin, hemorrhage, and necrosis, although
hypointensity in some appears to be intrinsic to
the papillary component.

These tumors often pose a diagnostic
dilemma because of their benign appearance.

Chromophobe Carcinoma

A chromophobe renal carcinoma is considered
a subtype of renal cell carcinoma exhibiting 
a low chromosome number. Histology reveals a
mix of clear cells containing lipid and glycogen
and eosinophilic cells.

These carcinomas occur in childhood. Prog-
nosis is considerably better than with conven-
tional renal cell carcinomas.

These tumors range from hypovascular to
avascular. A minority of chromophobe carcino-
mas contain a central scar.

Duct of Bellini Carcinoma

Carcinoma of ducts of Bellini, or collecting duct
carcinoma, originates from ducts of Bellini
epithelium in the distal tubules located in the
renal medulla. The prevalence is about 1% of all
renal carcinomas.

Whether this tumor should be classified as a
separate carcinoma or is a variant of a renal cell
carcinoma is not clear. Histologic differentiation
from a more common renal cell carcinoma is
difficult, although morphologically, immuno-
chemically, and cytogenetically it can be defined
as a separate entity. Chromosome analysis sug-
gests that molecular development of this neo-
plasm is different from that of a more common
renal cell carcinoma. Specific tumor-suppressor
genes appear to be involved in its pathogenesis.
Embryologically, collecting ducts originate from
the wolffian duct system, similar to renal calyces
and ureters, and a point can thus be made of a

relationship of this tumor with transitional cell
carcinomas.

This rare, aggressive neoplasm manifests in a
younger population than the more common
clear cell carcinoma. It develops in children.
Hematuria is a common presentation. Some
patients have positive urine cytology. It is not
uncommon to find metastases at the time of first
presentation.

Because duct of Bellini carcinomas originate
predominantly centrally in the medulla, they
tend not to deform the renal outline, a finding
distinguishing these tumors from more
common renal cell carcinomas. Imaging shows
a solid, hypodense, and hypovascular or even
avascular renal tumor with limited contrast
enhancement. They tend to protrude into the
central sinuses.

Oncocytoma

Clinical

Some authors classify oncocytomas as a type of
renal adenoma. Epithelial oncocytes have a
granular eosinophilic cytoplasm rich in mito-
chondria. These cells are not limited to onco-
cytomas but are also found in granular cell
carcinomas (oncocytic adenocarcinomas) and
some clear cell adenocarcinomas. Oncocytomas
occur in several organs, but most often are
found in kidneys. Mitochondrial DNA analysis
suggests that a specific mitochondrial DNA
alteration is responsible for oncocytomas.

Renal oncocytomas are more common in
some families. These tumors are often detected
incidentally in asymptomatic individuals; some
are multiple and bilateral, with a rare patient
having hundreds of nodules scattered through-
out both kidneys.

Renal oncocytomas are probably benign
tumors consisting primarily of oncocytic cells.
They appear to originate from the cortical part
of collecting tubules. Their prevalence is
difficult to gauge because some have been mis-
classified as renal cell carcinomas or chromo-
phobe carcinomas. Especially in the older
literature an occasional one has been reported
to metastasize, but whether these are mis-
classified is difficult to gauge.

Percutaneous biopsy or cytology tends to be
misleading because some oncocytomas mimic 
a granular renal cell carcinoma. On the other
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hand, a biopsy or aspiration cytology from a
region rich in oncocytes may not detect an adja-
cent focus of carcinoma unless extensive sam-
pling is performed. Pathologically, a diagnosis
of an oncocytoma is one of exclusion by elimi-
nating other, more ominous, tumors.

An occasional renal oncocytoma ruptures.
Adjacent fat next to such a ruptured oncocy-
toma can mimic an angiomyolipoma.

Imaging

Oncocytomas are solid, homogeneous, well-
marginated, and often large tumors. They have
no specific imaging findings; CT, US, and MR
simply reveal a solid, well-marginated tumor.
Especially when small, their imaging appear-
ance is indistinguishable from that of renal cell
carcinomas. In distinction to renal adeno-
carcinomas, necrosis and hemorrhage are not
common, although larger oncocytomas tend to
contain a central stellate scar that mimics the
necrosis seen in a renal cell carcinoma. Cystic
changes and calcifications are rare. They tend to
be somewhat hypervascular. In general, imaging
can suggest an oncocytoma but will not differ-
entiate it from a renal adenocarcinoma.

Oncocytomas are hypointense on T1-
weighted MR images but vary in intensity on
T2-weighted images. About half have a well-
defined capsule. Post-MR contrast a minority of
oncocytomas reveal a “spoke-wheel” enhance-
ment pattern. These MR findings do not exclude
a renal cell carcinoma.

Urothelial Tumors
Papilloma

Papillomas are transitional cell epithelial
tumors that are difficult to classify. Histolo-
gically, differentiation from a low-grade tran-
sitional cell carcinoma is difficult, and
controversy exists about whether they are
indeed a separate benign entity or whether they
represent a spectrum of transitional cell carci-
nomas. They are rare in the upper urinary tract.
A male predominance is evident.

The even rarer upper urinary tract inverted
papillomas are of uncertain malignant poten-
tial. Etiology of this proliferative tumor is
unknown, and histopathologic diagnosis dif-
ficult. Of note is that some inverted papillomas

precede, are synchronous with, or are metachro-
nous with a malignant urothelial tumor, and
thus the discovery of one requires a search for
other urinary tract tumors.

The imaging appearance of papillomas is
similar to that of other urothelial neoplasms.
They range from sessile to pedunculated. The
differential diagnosis includes transitional cell
carcinoma, blood clots, a fungus ball, calculi,
fibroepithelial polyp, and malacoplakia.

Local excision appears sufficient for these
tumors.

Transitional Cell Carcinoma

Clinical

Urothelial origin malignant neoplasms include
transitional cell carcinoma, squamous cell car-
cinoma, and adenocarcinoma. Of these, transi-
tional cell carcinomas predominate and, after
renal cell adenocarcinomas, represent the
second most common renal neoplasm in adults.
A minority contain a squamous cell metaplasia
component. A rare transitional cell carcinoma
contains a sarcomatoid component. Data from
the Dutch hereditary nonpolyposis colorectal
cancer registry suggest that patients with hered-
itary nonpolyposis colorectal cancer are at an
increased risk of developing upper urinary tract
transitional cell carcinomas (70).

Among transitional cell carcinomas originat-
ing in renal collecting systems, roughly one
quarter are in an upper calyx, one quarter in a
lower calyx, one quarter in renal pelvis, about
5% in a middle calyx and the rest are more
extensive; in the ureters, slightly under 10% are
in the upper segment, 20% in the middle,
slightly under 50% in the lower segment, and
20% in the distal ureteral. A rare patient has the
entire ureter affected. A number of reports
describe a ureteral stump transitional cell carci-
noma developing years after a nephrectomy for
a benign or malignant condition.

The most common clinical finding with these
tumors is intermittent hematuria, followed by
flank pain. Ureteral obstruction and a nonfunc-
tioning kidney develop eventually and thus a
need for retrograde pyelography. A rare
obstruction leads to ureteral rupture.

While positive cytology is obviously diagnos-
tic, negative cytology does not exclude a transi-
tional cell carcinoma. Especially with intrarenal
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tumor, washings tend to be nondiagnostic. Also,
positive cytology does not identify the site of
origin.

Imaging

Transitional cell carcinomas range from poly-
poid, to nodular, to flat. Some polypoid ones are
on a stalk; these tend to be low grade and are
often associated with adjacent ureter dilation,
but differentiation from a stone is difficult in
some patients, even with retrograde pyelogra-
phy. The flat type, often containing squamous
cell carcinoma components, tends to infiltrate,
has little if any intraluminal component, and
usually is of a higher grade malignancy; as
expected, this type is more difficult to detect. If
extensive, a more proximal infiltrating one will
obstruct (“amputate”) a calyx. Calcifications are
rare.

When large, these tumors infiltrate exten-
sively and mimic a renal cell carcinoma,
although, being centrally located, they are less
prone to producing a renal contour abnormal-
ity. Some intrarenal transitional cell carcinomas
are highly invasive, become necrotic, and
involve a large portion if not the entire kidney.
Only a rare transitional cell carcinoma extends
into the vena cava as a tumor thrombus.

Being urothelial in origin, pyelography (IV,
retrograde or antegrade) should have a high
tumor detection rate, even higher than with CT
and gray-scale US. A major limitation of IV
pyelography is the lack of sufficient contrast
opacification.

Computed tomography identifies a transi-
tional cell carcinoma as a soft tissue density
tumor adjacent to water density urine. It is iso-
dense to renal parenchyma. Its density is lower
than that of blood clots. Computed tomography
identifies a cystic component in a minority.
These tumors enhance slightly after contrast,
although enhancement is less than that of renal
parenchyma.At times a lucent stone is in the dif-
ferential diagnosis, but CT should differentiate
even a uric acid stone, which is denser than a
transitional cell carcinoma.

Computed tomography is used in staging
transitional cell carcinomas, although the type
of staging criteria used and the presence of
hydronephrosis influence staging accuracy.
While CT detects invasion of adjacent struc-
tures and distant metastases, it is limited in 

differentiating a superficial tumor from one
invading muscle layers or renal pelvis. Proximal
hydronephrosis tends to result in overstaging;
CT sensitivity and specificity is considerably
greater in assessing renal parenchymal invasion
than in detecting ureteral or perirenal fat inva-
sion. Staging accuracy is improved by decreas-
ing CT thicknesses through the tumor.

If sufficiently large, US shows these tumors to
be hyperechoic to renal parenchyma.

Endoluminal US holds promise; tumor loca-
tion, size, and staging can be studied with this
technique.

These tumors are hypointense on T2-
weighted MRI. Some of these hypovascular car-
cinomas enhance considerably with contrast
MRI.

Therapy/Survival

Upper tract carcinoma in situ is occasionally
treated by bacillus Calmette-Guérin instillation;
although normalization of urinary cytology is
reported, only limited studies are available.

Ureteroscopic biopsy and cytology are
helpful in defining and grading these tumors.
Tumor stage and grade are interrelated and have
prognostic significance; most tumors with a low
or moderate grade are at a low stage and those
with a high grade are at a stage T2 or T3.

Among Japanese patients with renal pelvic or
ureteral cancer who underwent lymph node dis-
section, no lymph node involvement was found
in about two thirds (71). The 5-year survival rate
was 79% for pN0, decreasing to 12% for pN1,
20% for pN2, and 0% for pN3. These are some-
what biased statistics because only patients
selected for lymph node dissection are included.

Because of these tumors synchronous and
metachronous potential, a nephroureterectomy
is generally performed. A search for associated
bladder cancers is also warranted. Close follow-
up is necessary for metachronous tumors, espe-
cially during the first several years after initial
surgery.

Nephrogenic Metaplasia/
Adenoma/Adenocarcinoma

Nephrogenic metaplasia, or nephrogenic
adenoma, is a rare, benign urothelial condition
histologically consisting of glandular struc-
tures. This condition is more common in the
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bladder but occasionally is detected in the
ureters or renal collecting systems. Most meta-
plasias are associated with chronic infection,
and the pathogenesis presumably includes
metaplasia in response to a prior inflammation
or trauma. Some tumor cells show severe
nuclear atypia and staining for anti-p53, sug-
gesting that p53 has a role in adenoma-to-ade-
nocarcinoma transformation of these tumors. A
rare adenoma is cystic.

Although nephrogenic metaplasia is consid-
ered to be a benign condition, a rare primary
nephrogenic (urothelial) adenocarcinoma is
reported, at times consisting of nephrolithiasis,
nuclear atypia suggesting a malignancy, a
tubulovillous adenoma, and intestinal metapla-
sia in adjacent epithelium. A typical scenario
consists of urography in a patient with pain and
hematuria revealing a ureteral tumor, a biopsy
identifies nephrogenic metaplasia, and this
segment is resected.

Although resection should be curative, recur-
rence is not uncommon. Whether recurrence is
due to incomplete resection or a new focus from
diseased urothelium is often unknown.

Squamous Cell Carcinoma

Squamous metaplasia (also known as keratiniz-
ing and desquamating malpighian metaplasia)
and subsequent squamous cell carcinoma
develop in a setting of chronic urolithiasis or
infection. Upper tract infection with Schisto-
soma hematobium is associated with this tumor.

No distinguishing imaging characteristics
identify squamous cell metaplasia. At best, it
appears as a polyp, often in the renal pelvis. It is
diagnosed either from a biopsy specimen or on
histologic study after nephroureterectomy.

These carcinomas range from flat, ulcerated
plaques to large, bulky renal pelvis tumors.
They have a tendency for intramural growth.
Associated stones and xanthogranulomatous
pyelonephritis make detection difficult.At times
their imaging appearance mimics a transitional
cell carcinoma. Both local spread and metasta-
sis are common at the initial presentation. As an
example, a man with a destroyed and painful
kidney containing a staghorn calculus and
believed to contain pyonephrosis underwent
nephrectomy (72); a renal pelvis squamous cell
carcinoma had invaded the kidney and psoas
muscle.

Sarcomatoid Carcinoma

Sarcomatoid carcinomas contain elements of
adenocarcinoma, transitional cell carcinoma,
and sarcoma. Some of these carcinomas are
related to prior radiation therapy to other
organs. About 5% of renal cancers are histolog-
ically sarcomatoid in nature. Survival of patients
with these cancers is measured in months.

Imaging findings of most sarcomatoid carci-
nomas are similar to the more common renal
adenocarcinomas.

Medullary Carcinoma

Renal medullary carcinoma is a rare collecting
duct neoplasm affecting teenagers and young
adults with sickle cell trait or hemoglobin SC
disease. Presumably an unidentified genetic
component is a factor in its pathogenesis. The
tumor has a distinctive microscopic appearance
consisting of a diffuse and glandular growth
pattern, an inflammatory infiltrate, and the
presence of rhabdoid/plasmacytoid cells or
even sarcomatoid cells.

This entity should be considered in a young
patient with sickle cell trait or hemoglobin SC
disease who develops hematuria. Distant metas-
tasis at the initial presentation is not uncom-
mon. These tumors are centrally located and
infiltrate the renal parenchyma and renal sinus;
occasionally a necrotic tumor communicates
with the collecting system. They show heteroge-
neous contrast enhancement, presumably due
to necrosis. Venous invasion and nodal metas-
tases are common.

This is an aggressive malignant neoplasm
having a poor prognosis. The interval from
diagnosis to death averages only several
months; no objective response is seen to chemo-
and immunotherapies.

Other Renal Epithelial Tumors
A number of mostly cystic renal neoplasms
cause considerable confusion and defy ready
classification. The traditional method is to
divide them into benign (metanephric
adenoma, multilocular cystic nephroma, nep-
hronogenic nephroma, and congenital mesobla-
stic nephroma) and malignant (Wilms’ tumor,
atypical mesoblastic nephroma, and cystic 
partially differentiated nephroblastoma) neo-
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plasms, although some defy discrete classifi-
cation. From a radiologic perspective it appears
more appropriate to classify them into solid and
cystic neoplasms and then subdivide by patient
age (Table 10.7). In addition to the neoplasms
listed in the table, a multicystic dysplastic
kidney and segmental multicystic dysplasia in a
duplicated renal collecting system are also in the
differential diagnosis.

An association of fetal nephrogenic rests and
multicystic dysplasia has already been dis-
cussed. Nephrogenic tissue is also associated
with some neoplasms; benign ones include 
multilocular cystic nephroma and nephrogenic
nephroma, and the malignant ones are Wilms’
tumor and mesoblastic nephroma. And then
there is cystic partially differentiated nephrob-
lastoma (discussed below); pathologists usually
classify it as a separate entity, but strong evi-
dence for this is lacking.

Wilms’ Tumor (Nephroblastoma)

Nephroblastomatosis

Persistence of renal blastema tissue in a neonate
is known as nephroblastomatosis. While imma-
ture metanephric tissue (nephrogenic rests)
found in nephroblastomatosis is not intrinsi-
cally neoplastic, it is believed to be able to
undergo neoplastic change, and nephroblas-
tomatosis is probably a precursor of Wilms’
tumors, or at least some of them. If one resected

kidney contains metanephric tissue, the con-
tralateral kidney is at increased risk of contain-
ing a Wilms’ tumor. Persistent metanephric
tissue is found in a number of syndromes,
including Beckwith-Wiedemann syndrome
(discussed earlier; see Congenital Abnormali-
ties, above), Denys-Drash syndrome (gonadal
dysgenesis, nephropathy, and renal failure),
Perlman syndrome, hemihypertrophy, neurofi-
bromatosis, and sporadic aniridia. Early and
often bilateral Wilms’ tumors develop in
patients with these syndromes.

Denys-Drash syndrome is caused by a muta-
tion in the WT1 gene on chromosome 11p13, a
tumor-suppressor gene. It is highly expressed
during genital and renal development. Wilms’
tumors in this syndrome are derived from cells
homozygous for this mutation.

A kidney diffusely affected with nephroblas-
tomatosis is enlarged and has a plaque-like or
lobular outline. Imaging shows a subcapsular
tumor or tumors. Data from the German
Nephroblastoma Study Group identified
nephrogenic rests as multinodular, peripheral
cortical lesions, with diffuse extension being
less common (73); the rests were homogeneous
and hypodense, hypoechoic, and hypointense
on both T1- and T2-weighted images and were
best seen with postcontrast CT and T1-weighted
MRI. They enhance less post–CT contrast than
do renal parenchyma. Lesions <1 cm were rarely
identified by US. Overall, homogeneity was 
the most reliable criterion in differentiating
nephrogenic rests from Wilms’ tumors.

Table 10.7. Classification of primary renal neoplasms (by age and solid versus cystic)

Age Mostly solid Mostly cystic

Neonates Mesoblastic nephroma Cystic mesoblastic nephroma

Children Wilms’ tumor (nephroblastoma) Cystic Wilms’ tumor
Mesoblastic nephroma Multilocular cystic nephroma
Metanephric adenoma Cystic partially differentiated nephroblastoma
Chromophobe carcinoma Cystic clear cell sarcoma
Duct of Bellini carcinoma Cystic mesoblastic nephroma

Cystic renal cell carcinoma

Adults Renal cell carcinoma Multilocular cystic nephroma
Wilms’ tumor (rare) Cystic renal cell carcinoma
Mesoblastic nephroma (rare) Cystic partially differentiated nephroblastoma
Metanephric adenoma Cystic Wilms’ tumor (rare)
Chromophobe carcinoma
Duct of Bellini carcinoma
Oncocytoma
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Children

Clinical

A Wilms’ tumor, or nephroblastoma, is the most
common solid abdominal malignancy in child-
hood. The vast majority originate in the
kidneys, with only an occasional one developing
in other extraperitoneal structures, presumably
from retained mesonephric tissue. Some are
bilateral, with most of these being synchronous
rather than metachronous. An occasional
Wilms’ tumor first manifests as pulmonary
metastases. It is rare in the neonate; neverthe-
less, synchronous bilateral Wilms’ tumors in
neonates are described. A majority are detected
in children below the age of 5 years.

An occasional Wilms’ tumor is familial. Chil-
dren with hemihypertrophy are at an increased
risk of having Wilms’ tumor; the risk is about
5%, and these children should undergo serial
surveys up to about the age of 8 years. The
prevalence of Wilms’ tumors is considerably
higher in children with aniridia, who should
also undergo serial surveillance. An occasional
Wilms’ tumor develops in a setting of cryp-
torchidism. A number of chromosome abnor-
malities are evident in some of these patients,
including a Wilms’ tumor-suppressor gene at
11p13.

A minority of these tumors contain bone, car-
tilage, fat, or other atypical tissue. Some investi-
gators label these as “teratoid Wilms’ ” tumors.
Some such teratoid Wilms’ tumors contain a
cystic component.

A palpable abdominal tumor is a common
presentation. Bleeding develops in some 
tumors and they enlarge suddenly due to hem-
orrhage. A hematoma or urinoma is not an
uncommon association. Renin is produced 
by a minority and these children develop 
hypertension.

These tumors spread hematogenously to
lungs, liver, bone, and other organs. The overall
prognosis (long-term cure) in children with
Wilms’ tumors is approximately 80%.

Ultrasonography-guided needle biopsies of
pediatric renal tumors, including Wilms’
tumors, have been safely performed, although
the technique is controversial.

Imaging

Typically, when first detected these are large,
round, soft tissue tumors infiltrating and 

distorting adjacent renal parenchyma (Fig.
10.25). Some are mostly exophytic. Necrosis is
common. An occasional Wilms’ tumor contains
fat or calcifications, although in general calci-
fications in a juxtarenal tumor in a child should
suggest a neuroblastoma.

Postcontrast CT and nonenhanced MRI
appear equally accurate in establishing size and
tumor origin, although both are inaccurate in
staging. Ultrasonography can assess tumor size
but not origin. Ultrasonography most often
identifies a large, well-marginated tumor of
heterogeneous, increased echogenicity due to
necrosis and hemorrhage. Possible renal vein
and inferior vena caval invasion is evaluated
with Doppler US.

Magnetic resonance typically reveals these
tumor to be hypointense on T1- and hyper-
intense on T2-weighted images. Larger ones
often contain blood and are heterogeneous in
appearance. Their postcontrast enhancement is
variable.

Renal vein invasion is common, and some
extend into the inferior vena cava; and an occa-
sional one even grows into the right atrium 
(Fig. 10.26). A tumor thrombus extending into
the left renal vein can obstruct the gonadal vein
and result in a varicocele. Ultrasonography
should identify most such tumor extensions.
Aortic encasement is uncommon. These tumors
also grow into the calyces and adjacent ureter.

Figure 10.25. Anaplastic Wilms’ tumor in a 6-year-old with a
palpable abdominal tumor. Computed tomography identifies a
left renal tumor deviating the kidney anterior and medial.A claw
sign suggests the diagnosis. Adenopathy is also present. Other
studies detected pulmonary metastases. (Courtesy of Luann
Teschmacher, M.D., University of Rochester.)
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A rare one even extends intraluminally in the
ureter.

A rare Wilms’ tumor is multicystic and
mimics a multilocular cystic nephroma 
or benign renal cystic disease. Likewise,
differentiation from a neuroblastoma can be
difficult, although a neuroblastoma tends to be
ill-defined and more heterogeneous in appear-
ance. Also, a neuroblastoma tends to metasta-
size early and extensively. Superficially, a Wilms’
tumor can be confused with xanthogranuloma-
tous pyelonephritis.

Therapy and Outcome

Bilateral Wilms’ tumors present a therapeutic
dilemma. Conservative surgical therapy with
initial biopsy followed by chemotherapy and
delayed tumor resection in children with bilat-
eral Wilms’ tumors in the United Kingdom Chil-
dren’s Cancer Study Group resulted in a mean
preserved renal mass of 45%, but initial surgi-
cal resection followed by chemotherapy left a
renal mass of 35% (74); children in both groups
had similar survival and similar renal function.

Imaging after chemotherapy usually identi-
fies necrosis, hemorrhage and calcifications. In
one child CT after chemotherapy showed an
increase in tumor size and extensive fatty
infiltration (75); resection revealed no residual
blastema.

Follow-up of the remaining kidney in chil-
dren after unilateral nephrectomy for Wilms’
tumor reveals that only half develop renal
hypertrophy.

Adults

A Wilms’ tumor is rare in adults. Histologically,
these tumors are similar to the ones seen in chil-
dren, and the therapy likewise is similar, but
these tumors grow rapidly and prognosis is
worse than in children, possibly due to their
more advanced presentation. Even extrarenal
Wilms’ tumors have developed in adults (76).

A typical Wilms’ tumor in an adult consists of
a complex mass often containing a cystic com-
ponent. These tend to be large, hypovascular
and multilocular tumors containing a limited
solid component. The differential includes a
cystic carcinoma and a multilocular cystic
nephroma.

Multilocular Cystic Nephroma/Cystic 
Partially Differentiated Nephroblastoma

Clinical

These tumors consist of a mixture of epithelial
and mesenchymal components. In the past, a
multilocular cystic nephroma, also called multi-
cystic nephroma, cystic lymphangioma, and 

Figure 10.26. Wilms’ tumor. A: T2–weighted transverse MR image identifies a right renal tumor (arrows) with extension into the
renal vein (arrowhead). B: Coronal T1-weighted image shows tumor extension into the vena cava (arrow). (Source: Burgener FA,
Meyers SP, Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic Resonance Imaging. Stuttgart: Thieme, 2002, with permission.)

A B
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multilocular cyst, was considered a hamartoma,
although the current thinking leans toward a
neoplastic origin. Some authors classify multi-
locular cystic nephroma and cystic partially dif-
ferentiated nephroblastoma in young children
as one entity and believe that they represent
cystic Wilms’ tumors having little potential for
invasion or metastasis (77); in adults, however,
these authors believe that multilocular cystic
nephroma is a separate benign entity inde-
pendent of Wilms’ tumor, although a rare one
does undergo malignant transformation and
develops into a carcinoma or sarcoma. In one
adult, a cystic partially differentiated nephrob-
lastoma exhibited cell maturation intermediate
between a multilocular cystic nephroma and a
Wilms’ tumor (78).

A similar condition is found in some infants
with other gastrointestinal and skeletal abnor-
malities, including visceromegaly (Perlman syn-
drome), an autosomal-recessive condition.

In children (mostly young boys) a multilocu-
lar cystic nephroma is radiographically and
grossly indistinguishable from a cystic partially
differentiated nephroblastoma. Both are cystic
thin-walled tumors containing multiple septa-
tions surrounded by a fibrous capsule. These
tumors differ histologically in that a multilocu-
lar cystic nephroma is composed of mature 
differentiated tissue and does not contain
blastemal elements, while septa in a cystic par-
tially differentiated nephroblastoma do contain
embryonal cells. Calcifications are uncommon
in children.

Imaging

Imaging detects both of these cystic tumors 
but cannot differentiate between them. Their
appearance is similar to other cystic tumors.
They occur unilaterally. In children, the numer-
ous small cysts can appear solid, and imaging
findings resemble a Wilms’ tumor. In adults
(mostly women), imaging and even aspiration
biopsy findings mimic a cystic renal cell carci-
noma, although these tumors are not related.

Computed tomography reveals multilocular
cystic nephromas to be homogeneous, multi-
cystic tumors containing thin septa without a
solid components; for some reason a lower pole
location predominates. The cystic component
does not enhance with contrast. Their hallmark
is that septa tend to be their only prominent

solid component, and the presence of a solid
component should suggest either malignant
transformation or another diagnosis.

Magnetic resonance imaging of a multilocu-
lar cystic nephroma reveals a complex solitary
renal cystic tumor often protruding into the
renal collecting system and containing thin
septa, with the cystic component varying from
hypo- to hyperintense on T1-weighted images.
Any solid component and septa enhance post-
contrast in all cases.

Nephrectomy in a patient with a multilocular
cystic nephroma should be curative. With a
cystic partially differentiated nephroblastoma,
however, some tumors recur locally.

Metanephric (Embryonal) Adenoma

A curious tumor composed of small tubular,
papillary, and glomeruloid structures and con-
sisting of proliferating primitive epithelial cells
mimicking an embryonal nephron was first
described in 1980 and called a nephronogenic
nephroma (79). Later, a similar benign mixed
epithelial and mesenchymal renal tumor was
termed an embryonal adenoma. Since then, a
number of reports have used the term
metanephric adenoma. Whether this tumor 
represents a benign counterpart of Wilms’
tumor is conjecture. Metanephric adenomas
and metanephric adenofibromas (discussed
below) are closely related neoplasms. In either
case, a renal metanephric adenoma is a distinc-
tive renal cortical neoplasm usually classified
among nephroblastic tumors. Its histologic
appearance is similar to that of metanephric
hamartomas found in nephroblastomatosis.
In spite of a morphologic similarity to Wilms’
tumor, genetics suggest a relationship to 
papillary adenomas and papillary renal cell 
carcinomas.

These tumors consist of differentiated cells
containing few or absent mitoses; tubules and
glomeruli are often identified. Its metanephric
(embryonic) architectural and cytologic
appearance is characteristic, although patho-
logic study of some tumors suggests a malig-
nancy. Needle biopsy and aspiration cytology
specimens have been misdiagnosed as Wilms’
tumor. The reverse is also true: a renal cell 
carcinoma and a metastasis from a poorly dif-
ferentiated thyroid carcinoma can be misdiag-
nosed as metanephric adenomas. Most authors
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consider these tumors to be benign, although a
metanephric adenoma in a 7-year-old girl
metastasized to lymph nodes (80).

There are two age peaks; half occur in chil-
dren and the other half mostly in women in
their 50s. Most tumors are discovered inciden-
tally, with only a minority of patients having
pain, hematuria, or a palpable tumor. Poly-
cythemia and acquired von Willebrand’s disease
develop in some patients. An association of a
metanephric adenoma with embryonal hyper-
plasia of Bowman’s capsular epithelium was
reported in a 9-year-old boy on peritoneal 
dialysis (81).

Metanephric adenomas are well-circum-
scribed, unencapsulated tumors varying in size.
Some contain fibrosis and calcifications. Com-
puted tomography, US, and MRI usually reveal
a solid tumor with occasional necrosis and
cystic degeneration, suggestive of a hypovascu-
lar renal cell carcinoma. They are iso- to hyper-
dense on CT. They range from hypo- to
hyperechoic on US.

Simple resection is curative in almost all
patients.

Metanephric (Nephrogenic) Adenofibroma

The histology of metanephric adenofibromas
(previously also called nephrogenic adenofi-
bromas) reveals a proliferation of spindle cells,
similar to what is found in congenital mesoblas-
tic nephroma, encasing nodules of embryonal
epithelium similar to the nephroblastomatosis
associated with Wilms’ tumor; it is thus not 
surprising that these tumors have been misdi-
agnosed as Wilms’ tumors and mesoblastic
nephromas.

These are childhood tumors. A not uncom-
mon presentation is hematuria, hypertension,
or polycythemia.

Metanephric Stromal Tumor

A metanephric stromal tumor is a renal
medullary spindle cell (fibrous) tumor contain-
ing smooth-walled cysts that entrap native
kidney tissue. Although such a description sug-
gests that it should be classified under mes-
enchymal tumors, it is histologically identical 
to the stromal component of metanephric
adenofibroma and is discussed with the latter
entity (see above).

Histology reveals onion-skin cuffing around
entrapped renal tubules, heterologous glial or
cartilage differentiation, and vascular changes
consisting of angiodysplasia of entrapped arte-
rioles and juxtaglomerular cell hyperplasia of
entrapped glomeruli (82).

The mean age of 31 patients with a
metanephric stromal tumors was 2 years; most
tumors presented as an abdominal tumor (82);
they did not metastasize. The differential diag-
nosis includes renal clear cell sarcoma.

Mesoblastic Nephroma (Bolande’s Tumor)

Infants

Congenital mesoblastic nephroma, at times
called congenital Wilms’ tumor, comprises about
half of renal tumors encountered during the
neonatal period. Most occur within the first
month of life, and their prevalence decreases
during childhood. They present as a large
abdominal tumor. The prognosis depends on
the infant’s age, being best for tumors discov-
ered early in life.

Earlier publications considered mesoblastic
nephromas to be a benign neoplasm, possibly
even hamartomatous in origin. In fact, the
favorable prognosis of Wilms’ tumors in
neonates reported previously is suspect because
many of these were probably mesoblastic
nephromas rather than Wilms’ tumors.

The morphologic and cytogenetic evidence
suggests a relationship between congenital
mesoblastic nephromas and infantile fibrosar-
comas. Not only are these tumors similar his-
tologically, but also both are associated with
similar chromosome polysomies and they may
represent a single entity. Congenital mesoblas-
tic nephromas and Wilms’ tumors also appear
to share common genetic pathways and 
abnormalities.

Mesoblastic nephromas are mostly solid
tumors which usually follow a benign course
but tend to invade adjacent structures. Some
authors subdivide these tumors into congenital
and atypical, with the latter including aggressive
and potentially malignant variants. The aggres-
sive variety tends to recur or metastasize. A 
rare aggressive mesoblastic nephroma ruptures
spontaneously.

Imaging reveals a solid, homogeneous,
usually large tumor. Hemorrhage and necrosis
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develop in the aggressive and malignant 
variants, although cystic degeneration is not
common. Their imaging appearance mimics a
Wilms’ tumor.

Some mesoblastic nephromas show uptake of
Tc-99m-DMSA.

Adults

The rare similar adult renal tumor consisting 
of epithelial and stromal tissue is probably 
a different entity than the pediatric variety.
Immunohistochemistry and electron micro-
scopy aid in identifying this tumor. Some
mesoblastic nephromas in adults may represent
cystic hamartomas. An adult mesoblastic
nephroma can grow either intra- or predomi-
nantly extrarenal, at times even mimicking an
adrenal tumor.

Lymphoma/Leukemia
Clinical

True lymphatics are not present in the kidneys
and primary renal lymphoma is rare. Secondary
involvement is either via contiguous spread
from perirenal disease or from hematoge-
nous dissemination. Involvement with non-
Hodgkin’s lymphoma is considerably more
common than Hodgkin’s lymphoma. Kidneys 
of immune-deficient patients are more prone 
to involvement by lymphoma. Infiltration is
usually bilateral.

Lymphoma involvement in other locations
tends to dominate the clinical findings. Most
renal involvement does not lead to symptoms
until late in the course. A rare presentation is
acute renal failure.

A granulocytic sarcoma (also called a
chloroma) develops in a minority of patients
after therapy for some leukemias. These solid
renal tumors are hypointense on T1- and hyper-
intense on T2-weighted images. They show little
contrast enhancement.

Imaging

Imaging detects only a minority of lymphoma-
tous renal involvement. No typical pattern pre-
dominates, and renal lymphoma ranges from

solitary to multiple tumors, diffuse infiltration,
or invasion from adjacent structures. Even
perirenal involvement varies considerably 
from focal tumors to plaque-like infiltration.
Retroperitoneal lymphoma generally invades
the kidneys through renal sinuses, and thus the
renal medulla is more often involved than the
cortex.

Necrosis is uncommon in renal lymphomas,
even when large. Likewise, lymphoma rarely
results in a vascular tumor thrombus.

Computed tomography findings in the rare
primary non-Hodgkin’s renal lymphoma range
from a single nodule, multiple nodules, and
diffuse infiltration, to a lymphomatous mass
encasing the kidney. Lymphomatous foci are
homogeneous and mostly slightly hyperdense
to isodense on precontrast CT and do not
enhance as much as normal renal parenchyma
postcontrast. Focal tumors maintain a dis-
crete margin. Diffuse infiltration results in an
overall renal structure disorganization. A not
unusual appearance is renal invasion by
retroperitoneal lymphoma, but the lack of adja-
cent adenopathy is unreliable in excluding lym-
phoma. While CT allows evaluation of the site
and size of involvement, it cannot establish a
diagnosis; similar findings are seen with a 
renal cell carcinoma, transitional cell carci-
noma, metastatic disease, or even some chronic
inflammatory conditions.

Two sonographic patterns are evident: either
a bilateral nodular infiltrate or diffuse renal
enlargement with loss of differentiation be-
tween renal sinus echoes and parenchyma. The
typical infiltration is hypoechoic, but at 
times homogeneous involvement results in an
anechoic pattern mimicking a cyst.

Magnetic resonance imaging shows iso- or
slight hypointense tumors on T1- and
hypointense tumors on T2-weighted images.
Postcontrast lymphomas show minimal tumor
enhancement, in distinction to renal cell carci-
nomas where early enhancement is common.
Whether CT or MR is superior in identifying
and defining lymphomatous involvement is not
clear. Ureteral involvement consists either of
encasement or displacement by an adjacent
lymphomatous focus.

Leukemic involvement results in symmetri-
cally enlarged kidneys and compressed collect-
ing systems.
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Multiple Myeloma
Renal histology in patients with myeloma
nephropathy revealed 14% with tubulointersti-
tial nephritis, 11% with amyloidosis, 7% with
acute tubular necrosis, and 4% each with
nodular glomerulosclerosis and plasma cell
infiltration (83); at times renal biopsy pro-vides
the first clue to a diagnosis of myeloma by iden-
tifying myeloma cast nephropathy.

Tubular precipitation of Bence-Jones proteins
is a cause of renal failure in multiple myeloma
patients. Haphazard IV contrast injection is a
cause of such precipitation, but with preplan-
ning and adequate hydration a number of these
patients have undergone contrast studies
without complication.

Resorption of calcium from bone and the
resultant hypercalcemia lead to nephrocalci-
nosis. The kidneys enlarge, and the collecting
systems are compressed. These patients are also
prone to developing uric acid calculi.

Unexplained renal failure in a patient even
with absent skeletal lesions can still be due to
multiple myeloma.

Mesenchymal Neoplasms
Angiomyolipoma

Clinical

Classification of angiomyolipomas has evolved
from their being considered hamartomas to
benign neoplasms, although a rare one does
undergo sarcomatous transformation and a
propensity to metastasize. Even the usually
benign variety tends to be locally aggressive and
produces considerable mischief. In some studies
20% to 50% are detected in tuberous sclerosis
patients, where they tend to be multiple and
bilateral. Angiomyolipomas are associated to a
lesser degree with von Recklinghausen’s disease,
von Hippel-Lindau disease, and adult polycystic
disease, and are found in about half of patients
with pulmonary lymphangiomyomatosis. In
general, a finding of multiple angiomyolipomas
should suggest tuberous sclerosis (Fig. 10.27).
In tuberous sclerosis, angiomyolipomas occur
earlier in life than sporadic ones, and most 
are discovered incidentally. An occasional
tuberous sclerosis patient develops bilateral
renal angiomyolipomas, pulmonary lymphangi-

oleiomyomatosis, and tumors at other sites, but
in general extrarenal angiomyolipomas are rare.

These tumors develop in the renal capsule,
cortex, and medulla. Histologically they are
composed of haphazardly arranged blood
vessels, disorganized smooth muscle fibers, and
varying amounts of fat. Some contain sheets of
epithelioid cells, suggesting a malignancy. Those
without fat mimic a leiomyoma. Histologically,
no sarcomatous transformation should be
evident in either the leiomyomatous or 
lipomatous components.

Serial CT and US provide a measure of renal
angiomyolipoma growth rates. The mean
growth rate of isolated tumors is about 5% per
year, being considerably more in those with
tuberous sclerosis. No correlation exists
between the amount of fat in a tumor and its
growth rate. Growth tends to be unpredictable.
Some tumors are stable for years and then
undergo a fast increase in size, followed by
another period of quiescence. Rapid growth
occasionally occurs in pregnancy, suggesting
that hormones play a role in their growth. An
occasional angiomyolipoma is huge at initial
presentation.

Spontaneous, solitary tumors are most
common in middle-aged women and are rare in
children. Pain, a palpable tumor, or hematuria is
a common presentation, although many of these
tumors are asymptomatic.

Figure 10.27. Renal angiomyolipomas in a 17-year-old with
tuberous sclerosis. The left fat-containing tumor is obvious. A
smaller angiomyolipoma is also present in the right kidney
(arrow). (Courtesy of Luann Teschmacher, M.D., University of
Rochester.)
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Pathologists describe a rare epithelioid
angiomyolipoma as a separate entity. It tends to
mimic renal cell carcinoma; it contains regions
of hemorrhage and necrosis. Fatty tissue is not
identified.

The rare liposarcoma is indistinguishable
with imaging from an angiomyolipoma. This
problem is especially pertinent when an inci-
dental renal angiomyolipoma is detected in the
work-up of another carcinoma and a metastatic
liposarcoma is suspected.

Imaging

Angiomyolipomas are diagnosed with CT, US,
or MR (Figs. 10.28 and 10.29); most contain
sufficient focal fat to be identified with CT,
appear as homogeneous and hyperechoic
tumors containing smooth margins with US,
and have hyperintense signals on T1- and
hypointense signals on T2-weighted MRI.

Focal fat is also found in lipomas and some
liposarcomas, but these tumors are rare in the
kidneys. Clear cell renal cell carcinomas contain
intracellular lipid and glycogen, which is
detectable with chemical shift MR, but this fat 
is diffuse. Focal regions of fat are rare in renal
cell carcinomas.

Calcifications are not a feature of angio-
myolipomas except secondary to hemorrhage.

Even when associated with fat, calcifications
should suggest a carcinoma.

Diagnostic difficulty occurs when a tumor is
small or contains very little fat. Conventional CT
may not detect fat in tumors smaller than
several centimeters in size. Multislice helical CT
is more sensitive and is preferred for small
lesions. These low-fat tumors are homoge-
neously hyperdense on unenhanced CT, show
homogeneous postcontrast CT enhancement,
and are isoechoic on US. Recent hemorrhage
tends to mask any fatty component. Occasion-
ally in such tumors a small amount of fat is
detected with chemical shift MRI but not CT; in
these, a renal cell carcinoma is in the differen-
tial diagnosis.

The diagnosis appears more difficult in chil-
dren. Some of these tumors in children contain
little fat and imaging simply identifies a large
renal tumor. Even a fine needle biopsy may be
misleading and a Wilms’ tumor initially sus-
pected. The reverse is also true; US detection of
a hyperechoic tumor in a child with von Hippel-
Lindau disease suggests an angiomyolipoma,
yet an occasional such tumor is a renal cell 
carcinoma.

A CT diagnosis is straightforward with most
angiomyolipomas. Fat intermixed with other
tissue detected on thin-section nonenhanced
CT is strong presumptive evidence for an

Figure 10.28. Right renal angiomyolipoma. A: CT identifies a fat-
containing tumor in the superior renal pole (arrow). B: Selective
angiography shows a poorly vascular tumor that was sub-
sequently embolized. (Courtesy of David Waldman, M.D.,
University of Rochester.)
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angiomyolipoma. Precontrast CT should be
used; postcontrast enhancement may increase
the density to the level of water. Angiomyolipo-
mas tend to be well marginated but do not have
a capsule. Cystic regions are not common.
Larger tumors often extend outside the kidney.

With an atypical CT appearance aspiration
biopsy or cytology should provide a definitive
diagnosis.

A typical sonographic appearance of an
angiomyolipoma is that of a well-circum-
scribed, homogeneous, hyperechoic tumor.

Figure 10.29. Angiomyolipoma with a retroperitoneal bleed. A: CT reveals a fat-containing left renal tumor (arrows). Arterial-phase
(B) and delayed-phase (C) arteriography also identify the tumor but did not detect a site of bleeding. D: An inferior vena cavagram
study reveals caval compression from the left side by the extensive retroperitoneal bleeding (arrow). (Courtesy of Oscar Gutierrez,
M.D., University of Chile, Santiago, Chile.)
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Figure 10.30. Bleeding left renal angiomyolipoma. Noncontrast CT reveals a fat-containing left renal tumor (A, arrow), surrounded
by a well-marginated infiltrate having a CT density similar to aorta (B). (Courtesy of Algidas Basevicius, M.D., Kaunas Medical 
University, Kaunas, Lithuania.)

A B

Shadowing is detected in some, a finding
unusual for a carcinoma. Because many small
renal cell carcinomas are also hyperechoic, it is
necessary to confirm US findings with other
imaging. In some instances, however, a homo-
geneously hyperechoic lesion is accepted
without confirmation as a probable angiomy-
olipoma, especially in patients under the age of
50 and with a tumor smaller than 15 mm or 
possibly 10 mm in diameter. In some patients
with tuberous sclerosis and a confluence of mul-
tiple angiomyolipomas, US simply reveals dif-
fusely increased echogenicity in markedly
enlarged kidneys.

Ultrasonography frequency-dependent atte-
nuation is potentially useful in differentiating
renal cell carcinomas from angiomyolipomas.
Frequency-dependent attenuation values of
renal cell carcinomas are significantly lower
than those of angiomyolipomas. Some overlap
does exist, and the practical application of this
technique remains to be established.

The fat component even in small tumors is
identified by fat-suppressed T1-weighted MRI.
Fat in these tumors tends to be scattered
throughout the lesion. Opposed phase MRI
alone, being sensitive even to intracytoplasmic
lipid found in some renal cell carcinomas, is
inappropriate to evaluate the gross fat in
angiomyolipomas and differentiate them from
carcinomas. Magnetic resonance imaging can
reliably identify small (<1.5 cm) angiomyolipo-

mas using a combination of sequences. Thus 
in-phase sequences show them to be minimally
or moderately hyperintense relative to the renal
cortex, and fat-suppressed sequences reveal a
loss of signal intensity (84). Some tumors 
are difficult to identify due to limited signal 
differences or breathing artifacts.

Complications

Complications include compression of adjacent
calyces and intratumoral, subcapsular, perire-
nal, or pararenal bleeding and hematoma (Fig.
10.30). These tumors undergo cystic degenera-
tion. Spontaneous rupture is not uncommon
and an angiomyolipoma should be high in the
differential for the patient presenting with
spontaneous rupture and bleeding of a renal
tumor.

Extrarenal extension into the perirenal fat
and lymph nodes is common, and these
enlarged pararenal lymph nodes cause addi-
tional diagnostic and therapeutic dilemmas.
Computed tomography shows these enlarged
lymph nodes to be of soft tissue density,
although an occasional one contains fat.

Extension into a renal vein and inferior 
vena cava as a tumor thrombus represents an
additional complication. Computed tomogra-
phy can occasionally detect fat within a throm-
bus. Renal vein involvement is more common on
the right and does not necessarily imply malig-
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nant transformation. Complicating matters, an
occasional one is associated with a renal cell
carcinoma.

Therapy

Many of these tumors are still treated with a
nephrectomy, although a trend is toward a more
conservative approach—partial nephrectomy
or enucleation is feasible in some patients.
Incomplete tumor excision, however, leads to
recurrence, often rapidly.

In patients with tuberous sclerosis, emboliza-
tion is effective in long-term management of
hemorrhage; most of these patients require
several embolization sessions. If needed, a
partial nephrectomy is then performed.

Symptomatic renal angiomyolipomas have
been embolized with a mixture of iodized oil
and absolute ethanol (85); some tumors
decrease in size and others do not change, but
most patients remain asymptomatic (except
with incomplete embolization). Follow-up after
embolization reveals that it is the angiomyo-
genic components that disappear, while fatty
tissue undergoes liquefactive necrosis.

Lymphangiomyoma

Lymphangiomyomas, considered to be hamar-
tomas rather than neoplasms by some authors,
are discussed in more detail in Chapter 14.
Lymphangiomyomas are related to angiomyo-
lipomas and are occasionally associated with an
angiomyolipoma; they are also suspected of
being a manifestation of tuberous sclerosis.

One cause of chyluria is renal or retroperi-
toneal lymphangioleiomyomatosis.

These are cystic, hypervascular lesions,
readily confused with renal cell carcinomas.

Leiomyomatous Neoplasms

Leiomyosarcomas account for half or more of
the rare renal sarcomas. Even after resection,
differentiation between a leiomyoma and its
malignant counterpart is difficult. These tumors
originate mostly from blood vessels, although
some of the reported renal leiomyomas prob-
ably represent atypical angiomyolipomas.

Most benign leiomyomatous tumors are solid
and well marginated, but degeneration leads to
a cystic appearance. An occasional one contains

calcifications. Computed tomography and US
reveal a heterogeneous and hypoechoic tumor.

Imaging shows most sarcomas as large,
invasive, necrotic tumors. They tend to mimic a
large renal cell carcinoma. Poorly defined
calcifications are seen in a minority. Metastases
at initial presentation are common.

Angiomatous Neoplasms

A primary renal angiosarcoma is very rare, with
only case reports described. They are also
known as a malignant hemangioendothelioma,
hemangioendothelial sarcoma, and vascular
sarcoma and appear as single or multiple
tumors. They arise from blood vessel endothe-
lial cells. Hemorrhage is a common presenta-
tion. Some contain fat cells suggesting an
angiomyolipoma.

An epithelioid angiosarcoma is a very aggres-
sive tumor mimicking a primary epithelial
tumor.

Clear Cell Sarcoma

Clear cell sarcomas are rare tumors found in
younger children. Initially thought to be a
variant of Wilms’ tumor, this tumor has distinct
immunohistochemical and flow cytometric
findings differing from Wilms’ tumors. Its rela-
tionship to mesoblastic nephroma is not clear.
Clear cell sarcomas exhibit p53 protein nuclear
immunopositivity, suggesting alterations in the
p53 tumor-suppressor gene.

The imaging findings of clear cell sarcomas
are similar to those of a Wilms’ tumor, with 
differentiation made by histology.

This is an aggressive tumor having a 
poor prognosis and a predilection for bone
metastasis.

Ossifying Renal Tumor of Infancy

The few reported ossifying renal tumors of
infancy occurred in infants under the age of 14
months. They appear to be benign. These
tumors contain varying proportions of osteoid,
osteoblastic cells, and spindle cells. Whether the
osteoid component represents a form of urothe-
lial transformation is speculation. The propor-
tion of osteoid and the degree of osseous
maturation increases with age.
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Gross hematuria is the most common 
presentation. An occasional infant presents with
a palpable abdominal mass.

Typically these tumors are attached to a renal
papilla and present as a pelvicalyceal system
tumor. Some resemble a staghorn calculus.

Osteogenic Sarcoma

A primary renal osteogenic sarcoma is very rare
and should be distinguished from a sarcoma-
toid variant of renal cell carcinoma with osteoid
formation. Whether these tumors represent a
sarcomatous version of an angiomyolipoma is
speculation.

Patients with a primary renal osteogenic
sarcoma have elevated serum alkaline phos-
phatase levels but no underlying bone disease.

These tumors contain calcifications. A “sun-
burst” type of calcification, if present, should
suggest the diagnosis. The differential diagnosis
for a calcified renal tumor includes a calcified
inflammatory tumor, renal cell carcinoma, and
a metastatic or invading osteogenic sarcoma.

Histiocytoma

A majority of renal histiocytomas are malig-
nant. A renal capsule origin is common. A
review of 44 malignant renal fibrous histiocy-
tomas found an average patient age of 58 years,
no sex predilection, and two thirds of tumors
involving the left kidney (86). Symptoms tend to
be few, and a late presentation is common.
Sudden flank pain suggests spontaneous tumor
rupture.

Imaging reveals a solid tumor tending to be
hypodense on CT, hypoechoic on US, and 
hypovascular on angiography (86). A correct
preoperative diagnosis is not common, with
renal cell carcinoma or oncocytoma often being
suspected.

These tumors have a poor prognosis. Metas-
tases and local recurrence after resection are
common.

Reninoma (Juxtaglomerular Tumor)

These rare renin-secreting tumors, known as
reninomas and juxtaglomerular cell tumors,
occur both in children and adults and are more
common in females. Their primary importance
is their renin production and resultant hyper-

tension, which can be severe, often associated
with hypokalemia and hyperaldosteronism. An
occasional incidentally discovered reninoma is
nonfunctioning. As its name implies, these
tumors originate from juxtaglomerular cells.
Whether they are hamartomas or neoplasms is
not established. They are benign. Histologically,
some of these tumors mimic a hemangioperi-
cytoma, with the latter tumor occasionally also
resulting in hypertension.

These are solid, hypovascular tumors on CT
and hyperechoic on US. Most reninomas are
smaller than 2 to 3 cm in diameter. Even if a
reninoma is too small to be detected with
imaging, with strong clinical suspicion renal
vein catheterization and renin-level sampling
should suggest a tumor site. It should be kept in
mind, however, that some renal cell carcinomas
and other renal tumors on occasion also
produce renin.

Resection leads to a marked drop in blood
pressure in most but not all patients, with the
latter presumably having a residual angiopathy.

Hemangiopericytoma

Hemangiopericytomas are rare in the kidneys.
An occasional one leads to hypertension. These
are well-marginated, solid, hypovascular renal
sinus tumors involving the renal hilum to the
point of suggesting a renal pelvis transitional
cell carcinoma. Some are large at the initial pres-
entation, compressing the renal pelvis and
causing hydronephrosis and parenchymal
atrophy.

Needle aspiration cytology may suggest the
diagnosis, although the appearance is similar to
that seen with other spindle cell tumors.
Immunohistochemistry is helpful.

Renal Capsule Neoplasms

Neoplasms originating from the renal capsule
are not common. They represent a spectrum 
of mesenchymal origin, with some earlier
authors simply referring to them as capsulomas.
They include a histiocytoma, solitary fibrous
tumor, leiomyoma, lipoma, and even an
angiomyolipoma, the latter a rare site for this
tumor. Differentiating capsular from renal and
extraperitoneal origin tumors is often difficult,
especially with larger ones. Identifying a capsu-
lar artery by angiography as a primary tumor
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feeding artery is helpful. Depending on the type
of tumor, the adjacent renal parenchyma is
either compressed or invaded. Often a renal cell
carcinoma or oncocytoma is suspected.

Multiple renal capsular leiomyomas have
been reported.

Other Tumors

Although a renomedullary interstitial tumor
(previously called medullary fibroma) is
detected in 26% to 41% of autopsies (87), the
majority are only several millimeters in diame-
ter and not detected by imaging. One did not
enhance by CT, was hypointense both on T1-
and T2-weighted images, and arteriography
revealed no neovascularity (87).

A normal kidney does not contain fat, and
only limited case reports of renal lipomas are
published. They predominate in women.

Metastases
Renal

Metastases to the kidneys are common, with
multiple foci and bilateral involvement typical.
Problems arise when there is a single renal
tumor in a patient with a history of a malig-
nancy. Is this an isolated metastasis or a second
primary, such as a renal cell carcinoma? Occa-
sionally even an abscess mimics a neoplasm.
The distinction influences subsequent patient
management, and in such a scenario a renal
biopsy is often necessary.

Most renal malignant melanomas represent
metastases, but a rare melanoma believed to 
be primary to the kidney has been reported
(88).

Symptoms related to a primary tumor often
overshadow those due to renal involvement. A
patient occasionally presents with acute renal
failure due to diffuse metastases, but more
common are silent metastases. Hematuria and
proteinuria develop eventually but renal func-
tion tends to be preserved until a marked tumor
load develops. In a number of these patients a
search for renal metastases is more an academic
exercise than a practical endeavor.

Many renal metastases have a CT, US, and
MRI appearance similar to that of renal cell car-
cinoma or lymphoma, although metastases tend
to be small, multiple, and not deform the renal

outline. A renal tumor in a patient with wide-
spread metastases is most likely metastatic.
Computed tomography often reveals smaller
and more numerous metastases than US; most
are hypodense and inhomogeneous on precon-
trast CT, while postcontrast CT reveals most 
to have inhomogeneous enhancement. Most
enhance less than normal renal parenchyma.
Metastatic thyroid carcinomas, on the other
hand, tend to be hyperdense and have variable
contrast enhancement. Renal vein invasion is
rare with metastatic disease.

The sonographic appearance of metastases
varies; they range considerably in their homo-
geneity. Most are hypoechoic, although some,
such as thyroid carcinomas, are hyperechoic or
even isoechoic.

Metastasis from a hepatocellular carcinoma
tends to mimic a renal cell carcinoma with both
imaging and even needle biopsy.

A metastatic ovarian or appendiceal cystade-
nocarcinoma presents as a cystic tumor.

Ureteral

Metastases to the ureter can generally be
divided into those from a pelvic cancer and
those extrapelvic in origin.

A carcinoma metastatic to the periureteral
region obstructs the ureter and the patient pres-
ents with flank pain and urinary tract infection.
One conservative approach in patients with
metastatic disease is US to monitor for
hydronephrosis.

Drainage of ureteral obstruction due to pelvic
or extrapelvic cancer with double-J catheters
has a relatively high success rate; if necessary, a
percutaneous nephrostomy is performed.

Self-expandable Wallstents have had limited
acceptance in bypassing malignant ureteral
obstructions. Patient survival is generally
related to the primary tumor and not to stent
placement.

Rhabdoid Tumor
Malignant rhabdoid tumors were initially
thought to be a variant of Wilms’ tumor but cur-
rently are believed to represent a distinct clini-
copathologic entity. An occasional rhabdoid
tumor develops at an extrarenal site. In the
kidney it is a highly malignant neoplasm occur-
ring most often in infants, less often in young
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children. Curiously, about half of these tumors
have an associated primary or metastatic
central nervous system tumor.

This is a solid renal hilum tumor. A CT
finding of a heterogeneous tumor, together with
a peripheral eccentric crescent having an atten-
uation of fluid, representing subcapsular hem-
orrhage or peripheral tumor necrosis adjacent
to tumor lobules, is common with these tumors.
Some contain calcifications outlining tumor
lobules. These findings are not pathognomonic,
however, and are seen with other renal neo-
plasms in children. A Wilms’ tumor is generally
in the differential diagnosis—the distinction is
important because of the considerably better
prognosis with a Wilms’ tumor.

Small Cell Carcinoma

The descriptive term small cell tumor is 
applied to a group of neoplasms having similar
morphologic characteristics. These include
lymphomas and various neuroendocrine carci-
nomas. Nonneuroendocrine small cell carcino-
mas, also called nonfunctioning neuroendocrine
carcinomas or simply small cell carcinomas, are
very rare in the kidneys and ureters. Some
contain hyperchromatic small cells with neuro-
secretory granules. Others combine features
with a transitional cell carcinoma, and still
others exhibit adenomatous or squamous 
differentiation.

These are very malignant tumors with metas-
tases common at the initial presentation. Often
metastases are discovered first.

Neuroendocrine Tumors
An occasional malignant primitive renal neu-
roectodermal tumor is encountered that cannot
be readily classified.

A possible relationship between H2 receptor
antagonist therapy and neuroendocrine carci-
nomas is suggested.

Neuroblastoma

Most neuroblastomas originate in the adrenal
glands (discussed in Chapter 16). They occur
primarily in the young and often are in the 
differential diagnosis of a renal or suprarenal
tumor.

Neurilemoma (Schwannoma)

A neurilemoma originates from neural
Schwann cells and is rare in the kidneys. It 
has no specific imaging findings. Some extra-
peritoneal ones simply surround and obstruct
the ureter or ureteropelvic junction.

Wide excision is the treatment of choice,
because up to one third are malignant. They can
recur locally or metastasize.

Carcinoid Tumor

Primary renal carcinoid tumors are rare. These
tend to be solid, with an occasional one con-
taining calcifications. An occasional one origi-
nates from a cyst wall. For some reason renal
carcinoids are more common in horseshoe
kidneys (89), developing even in a horseshoe
kidney isthmus.

Some larger carcinoids undergo hemorrhagic
necrosis.

Dilated Urinary Tract
Renal collecting system dilation, or hydro-
nephrosis, can be secondary to obstruction or
functional in nature. Hydronephrosis varies
from barely discernible to gigantic. At times
huge hydronephrosis displaces the kidney away
from its usual location. Complicating the issue,
an occasional patient has intermittent hydro-
nephrosis and, when asymptomatic, IV urogra-
phy or US reveal only mild renal pelvic
dilatation at best. These patients should thus be
studied when symptomatic.

Urinary Obstruction
General

The etiologies for urinary tract obstruction
range from intrinsic to the urinary tract to
extrinsic, benign conditions to a malignancy.
Some unilateral urinary obstructions are insid-
ious, and renal function is lost before damage is
clinically suspected. As an example, in a patient
with terminal ileal Crohn’s disease, a surround-
ing inflammatory mass (phlegmon) can involve
and obstruct the right ureter and lead to irre-
versible loss of renal function before damage is
detected.
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In general, with unilateral ureteral obstruc-
tion at an early age, ipsilateral kidney growth is
impaired while the contralateral kidney under-
goes compensatory growth. This association 
of ureteral obstruction and subsequent renal
growth retardation is probably mediated by
complex regulation of cell proliferation,
destruction, and other factors.

Urinary perforation proximal to an obstruc-
tion is generally secondary to an acute obstruc-
tion, typically a stone. An occasional neoplasm,
such as a transitional cell carcinoma, not only
obstructs the urinary tract but also weakens the
ureteral wall sufficiently to produce rupture,
but the tumor then continues to grow in the
perirenal urinoma. Resultant extensive defor-
mity makes tumor identification difficult.

Imaging

Most imaging of suspected obstruction is
straightforward. A contrast study of an acute
obstruction shows a persistent unilateral
nephrogram and delayed collecting system
filling. It should be kept in mind that these
findings are not pathognomonic for urinary
tract obstruction, and similar changes may be
seen with vascular obstruction, a vasculitis,
infection, and a number of other causes of renal
failure, including acute glomerulonephritis and
acute tubular necrosis.

Normally a pyelogram persists for a short
period of time after IV contrast. With obstruc-
tion, a pyelogram can persist for hours. A pyel-
ogram occasionally persists for weeks if the
ureter is encased by tumor, and the lymphatics
are an obstruction.

Occasionally urinary tract obstruction
cannot be readily distinguished from non-
obstructive hydroureteronephrosis. In such a
setting the Whitaker perfusion test still has a
role. This is an invasive test requiring per-
cutaneous renal pelvis puncture, bladder
catheterization, and measurement of pressure
differences between the two sites during con-
trast infusion.

A prominent extrarenal pelvis detected with
CT is differentiated from hydronephrosis by
evaluating the superior and inferior pole col-
lecting systems; calyces are not dilated in the
presence of a simple extrarenal pelvis. Com-
puted tomography readily identifies a dilated
ureter, keeping in mind that on occasion a

dilated gonadal vein mimics the appearance of
a dilated ureter.

In a majority of patients with acute renal
obstruction, unenhanced helical CT reveals that
an obstructed kidney is less dense than the con-
tralateral unobstructed kidney (90); this differ-
ence is visually detected and constitutes a
secondary sign for acute obstruction.

Gray-scale US readily detects moderate
hydronephrosis as an anechoic region conform-
ing to the renal collecting system. Mild
hydronephrosis can be confused with promi-
nent renal veins; Doppler US is helpful in this
setting. Determining whether hydronephrosis 
is indeed secondary to urinary tract obstruction
is more problematic. Also, the etiology of an
obstruction may not be evident with US.

Gray-scale US is reasonable in monitoring
residual postoperative urinary tract dilation in
children. Normally infundibular and ureteral
dilation decrease gradually after surgery. In
children, US findings pointing to obstruction
include a hyperechoic renal appearance, a
parenchymal rim of 5 mm or less, contralateral
hypertrophy, a resistive index (RI) of 1.10 or
greater, an RI difference with diuresis of 70% or
greater, a ureter diameter 10 mm or greater, and
an aperistaltic ureter (91); how practical these
findings are in differentiating obstructive from
nonobstructive hydronephrosis is not clear.

Resistance to renal arterial blood flow (RI), as
measured with renal Doppler US, is increased in
most acute obstructive uropathies. With unilat-
eral obstruction, RI and the pulsatility index
(PI) are greater in the obstructed kidney than a
contralateral kidney, keeping in mind that RI
increases with age and some nephropathies. The
published RI sensitivities in detecting an acute
urinary obstruction depend on accepted RI
cutoff values, but even then they vary consider-
ably, and some authors have concluded that RI
values are not useful enough to detect acute
urinary tract obstruction.

Occasionally endorectal or endovaginal 3D
US is helpful with suspected distal ureteral or
ureterovesical junction obstruction. Normal
ureters have forceful ureteral jets. Initially after
stenting, ureters have passive flow, with peri-
staltic activity only gradually becoming evident;
Doppler US is not reliable in diagnosing an
obstruction in a stented ureter.

A respiratory-triggered 3D fast spin-echo MR
technique can detect urinary tract dilation
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without the use of IV contrast. Comparing
breath-hold heavily T2-weighted sequences
(thin-slice HASTE) with gadolinium-enhanced
3D FLASH MR sequences in patients with acute
flank pain, both MR urography techniques were
comparable in detecting obstruction (92);
however, 3D FLASH was superior for stone
detection, reaching a sensitivity of 96% to 100%
and specificity of 100% compared with a sensi-
tivity of 54% to 58% and specificity of 100% for
HASTE T2-weighted sequences. For the best
results, both sequences are recommended in
patients with acute flank pain.

Perirenal fluid is common in acutely
obstructed kidneys but generally not present
with a chronic obstruction. The HASTE MR
urography, which identifies not only ureteral
obstruction but also presence of any perirenal
fluid, detects a high perirenal signal in most
patients with acute ureteric obstruction and is
thus useful in differentiating acute from chronic
obstruction.

Radionuclide renography also identifies most
ureteral obstruction if renal function is ade-
quate, but does not provide anatomic detail.
Either Tc-99m-DTPA or Tc-99m-MAG3 is com-
monly used. Radiotracer stasis is evident in a
dilated system, be it obstructed or not. In the
absence of obstruction, vigorous hydration or
the use of a diuretic result in a washout, but 
an obstruction leads to prolonged retention.
Comparing furosemide injected 20 minutes
after renography versus furosemide injected 15
minutes before renography in children, the
earlier furosemide injection revealed seven
times more obstructions than the later injection
(93).

Obstruction by Stones (Renal Colic)

Clinical

Acute flank pain and hematuria are typical pre-
sentations in patients with acute obstruction.
About 85% of these patients have hematuria. An
obstruction induces prostaglandin secretion,
which increases renal blood flow and glomeru-
lar filtration rate and results in renal colic. Nev-
ertheless, a clinical diagnosis of obstruction is
not straightforward and is accurate in only
about half of the patients.

Although a stone can obstruct anywhere in
the ureter, the most common site is at the

ureterovesical junction, followed by a site just
distal to the ureteropelvic junction and
midureter at the iliac vessel level.

One complication among patients with a
chronically impacted ureteral stone is a stric-
ture; a previous ureteral perforation at the 
site of a stone appears to be a risk factor for
stricture.

Not all flank pain is due to renal colic. Among
less common causes mimicking the flank pain
of renal colic are ovarian vein thrombophlebitis.
Acute renal artery obstruction can mimic renal
colic pain. A unique cause of renal colic was a
bird shot calculus after a gunshot wound to the
abdomen (94).

Imaging

Considerable literature analyzed the role of con-
ventional radiography and US in patients with
flank pain believed to be renal colic in origin,
with conventional teaching being that about
80% of ureteral stones contain sufficient
calcium to be radiopaque and thus could be
identified with conventional radiography. Some
studies reported a sensitivity and specificity of
over 90% in detecting a calculus, especially if
conventional radiography and US are com-
bined. More critical studies, however, do not
achieve such optimistic results. In some studies
conventional radiographs could detect ureteral
calculi with a sensitivity of <50%. A prospective
study of patients with renal colic achieved US
sensitivity of only 61% in detecting ureteral
calculi, while CT sensitivity was 96% (95). Inci-
dentally, conventional abdominal radiography
and CT scout radiography have different reso-
lution; thus abdominal radiography revealed
60% and CT scout radiography only 47% of
ureteral calculi (96). Digital abdominal radiog-
raphy identifies most urinary tract calculi 
>5 mm and those calculi having a CT attenua-
tion of >300 HU (97). Stone visualization can be
enhanced on a CT scout view by a low kilovolt-
age setting.

Traditionally, IV urography was performed
for suspected renal colic, but it has been sup-
planted to a large extent by noncontrast CT. That
noncontrast CT is as effective as or better than
IV urography in identifying ureteral calculi and
equally effective in determining the presence 
or absence of ureteral obstruction has been
confirmed by numerous studies. Helical CT also
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provides such accessory signs as periureteral
and perirenal fat infiltration and ureteral
edema, and, in fact, achieves greater detection of
renal and ureteral calculi in patients with acute
flank pain than IV urography. Most helical CT
studies report sensitivities and specificities in
the high 90% for detecting obstructing ureteral
calculi. Also, in the absence of urolithiasis an
alternative diagnoses can often be established.
As a result, in a number of countries, including
the United States, noncontrast helical CT is pre-
ferred; in other countries, such as France, US has
a more prominent role.

One side effect of clinicians becoming more
comfortable with unenhanced helical CT in a
setting of suspected acute urinary tract obstruc-
tion is that the indications for this technique are
being arbitrarily expanded. As a result, the
number of stones being detected is decreasing
and the number of other diagnoses is increas-
ing, a trend bound to continue. Given such
expanded indications, an argument can be
made for adding a contrast-enhanced CT study
if the initial unenhanced CT is negative for
obstruction by stones, yet little published data
supports such an approach.

Phleboliths are in the differential diagnosis of
pelvic calcifications. Most phleboliths are round
and on conventional abdominal radiographs
often have a radiolucent center, a finding
identified with CT in about 10%. Their size and
appearance varies and no pathognomonic sign
differentiates ureteral stones from phleboliths
aside from establishing ureteral continuity for a
stone. Especially difficult with noncontrast CT is
distinguishing pelvic phleboliths from mini-
mally obstructing distal ureteral calculi, at times
leading to unnecessary retrograde urography.
Many ureteral stones are surrounded by a soft
tissue rim (soft tissue rim sign), representing
ureteral wall and possible edema, although an
occasional phlebolith also has a soft tissue rim.
Surrounding edema is less evident in patients
with chronic renal failure.

An eccentric, tapering soft tissue density
pelvic vein adjacent to a calcification identifies
a phlebolith (comet sign or tail sign); this
appearance also is not pathognomonic and a
curvilinear nondilated ureter can mimic this
appearance. Prevalence of the comet sign
varies—some studies find it only in a minority
of phlebolith while others believe it is present in
a majority.

A passed stone is occasionally detected in the
bladder. Secondary signs of prior obstruction,
namely, a surrounding soft tissue rim without
evidence of a ureteral stone, are often still
evident.

A caveat is in order for the patient with clin-
ically suspected obstruction due to a renal stone
but a normal unenhanced CT study. Renal
ischemia secondary to renal artery obstruction
is in the differential diagnosis and will not be
detected with precontrast CT. Also, a rare renal
carcinoma, not evident on precontrast CT, first
presents with flank pain (98), and thus postcon-
trast CT is necessary in these patients. Alterna-
tively, Doppler US should detect major renal
ischemia.

Once a site of obstruction is identified,
narrow collimation scanning of the region in
question often identifies an etiology. Calculi 
as small as 1 mm in diameter are detected.
Secondary signs of obstruction consist of hy-
droureter, perinephric and periureteral strand-
ing, ureterovesical junction edema, hydro-
nephrosis, and renal enlargement; keep in 
mind that calyces are not unduly dilated and
little perinephric stranding is evident early in 
an obstruction or with an incomplete obstruc-
tion. In general, the extent of perinephric 
edema correlates with the degree of ureteral
obstruction. Although an indirect sign, attenua-
tion difference between kidneys greater than or
equal to 5.0 on unenhanced helical CT achieved
a 60% sensitivity and 100% specificity in detect-
ing ureteral obstruction (99).

Whether a stone is impacted at the
ureterovesical junction or is already in the
bladder can be difficult to determine for stones
located close to the ureterovesical junction. If
the diagnosis is uncertain with the patient
imaged in the supine position, a prone position
image will usually distinguish between these
entities.

Color Doppler US in patients with complete
ureteral obstruction by a stone revealed the
absence of a normally present ureterovesical jet;
with incomplete obstruction the jet tended to be
continuous but decreased in volume and inten-
sity. Also, a distal ureteral stone diverts the jet
orientation from its usual anteromedial direc-
tion. These findings are indirect evidence for a
ureteral stone.

Contrast enhanced MRI can also suggest an
obstructed ureter. Defining renal transit time as



644

ADVANCED IMAGING OF THE ABDOMEN

the time interval between contrast appearance
in the kidney and in the ureter at or below the
lower pole level, a time >490 sec suggests an
obstructed ureter (100); a normal transit time is
<245 sec.

Therapy

The degree of obstruction, the stone location,
and the underlying renal function are not major
issues during initial therapy of patients with
acute ureteral stone obstruction. More relevant
is whether CT can predict which stones will pass
spontaneously. In patients with a single stone,
the mean stone diameter in those with sponta-
neous stone passage was 2.9 mm and in those
with failed conservative therapy 7.8 mm (101);
also, perinephric fat stranding and perinephric
fluid collections were significantly higher in
patients with spontaneous stone passage.

The usual options for obstruction and infec-
tion due to ureteral calculi are percutaneous
nephrostomy or retrograde ureteral catheteriza-
tion with drainage. Both procedures relieved an
obstruction and infection; the choice depends
on procedure availability and cost.

Ureteropelvic Junction Obstruction

Clinical

Ureteropelvic junction obstruction is more
common on the left side. Depending on chronic-
ity, the resultant distention ranges from an
almost-normal mild renal pelvis prominence to
severe hydronephrosis. Likewise, patients can be
asymptomatic or have a palpable mass, with the
later more common in infants.

Both intrinsic and extrinsic obstructions
develop at the ureteropelvic junction. Intrinsic
obstructions include congenital strictures,
ischemic strictures, fibrosis, redundant mucosa,
ureteral kinks, or even a peristaltic abnor-
mality. With some apparent strictures no 
underlying abnormality is found. Extrinsic
obstructions include fibrosis and compression
by adjacent blood vessels; the latter are usually
incidental findings, although an occasional
crossing renal vessel leads to intermittent
ureteral obstruction.

Most mild ureteropelvic junction obstruc-
tions remain stable for prolonged periods of
time. An occasional one resolves spontaneously

while some evolve into renal damage. If stable,
US is useful in following this condition every 6
months or so.

Imaging

Urography readily detects a ureteropelvic junc-
tion obstruction. Some have suggested that US
overdiagnoses this condition, although others
disagree and believe that US allows the detec-
tion of an obstruction at an earlier age.

Computed tomography angiography of
patients with symptomatic ureteropelvic junc-
tion obstruction should achieve near 100%
seusitivity and specificity in detecting crossing
arteries. These vessels are either posterior or
anterior to the ureter. Axial CT generally is
sufficient, although 3D reconstruction provides
better spatial orientation of the surrounding
structures.

Nonenhanced color Doppler US detected only
65% of crossing vessels in patients with
ureteropelvic junction obstruction, while con-
trast-enhanced Doppler US detected 96% (102).
Doppler US proponents thus maintain that their
detection results are equivalent to those
achieved by CT.

Occasionally an infant with a ureteropelvic
junction obstruction has such large renal pelves
that they extend almost to the bladder. In such
a setting US may suggest an incorrect diagnosis
of ureterovesical junction obstruction. Likewise,
occasionally vesicoureteral reflux mimics a
ureteropelvic junction obstruction.

Patients with an unilateral ureteropelvic junc-
tion obstruction have increased differential
function as shown with DTPA scintigraphy,
possibly due to compensatory hyperfunction.

Therapy and Outcome

Over half of neonates with unilateral hydro-
nephrosis detected by pre- and postnatal US
and followed with sequential nuclear renograms
eventually revert to normal renal function and
washout; those with poor or worsening kidney
function and drainage require pyeloplasty.

Adjacent arteries are a relative contraindica-
tion to endopyelotomy, and recognition of
crossing vessels is of prognostic value for suc-
cessful endopyelotomy. Nevertheless, the need
for preoperative imaging has been questioned
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and successful endopyelotomy has been per-
formed in patients with ureteropelvic junction
obstruction who had CT evidence of crossing
vessels.

Children with unilateral ureteropelvic junc-
tion obstruction have not only impaired renal
function but also delayed body growth. Long-
standing dilation often persists after pyelo-
plasty, but renal function improves, mostly in
younger children. Improvement is slow—only
in a minority during the first 6 months, but a
majority of the patients improve within 2 years.
Long-term follow-up of retrograde balloon
dilatation of ureteropelvic junction stenosis
reveals variable results; some patients had per-
sistent residual stenosis, but in a few the pro-
cedure led to complete ureteropelvic junction
obstruction requiring surgical correction.

Ureteral Obstruction

Strictures

The etiologies of a benign ureteral stricture are
listed in Table 10.8. Ureteral ischemia is a not
uncommon cause of ureteral stricture. Most
benign strictures involve a short segment,
although an occasional one extends for consid-
erable length.

Benign ureteral strictures are dilated using
either an antegrade or retrograde approach.

Success depends not only on the underlying eti-
ology and the length of a stricture but also on
relative operator expertise. Balloon dilation
using a percutaneous approach has become
popular, including dilation of restenosis,
although overall the long results of percuta-
neous dilation have been poor and, at times,
even multiple dilations do not achieve ureteral
patency.

A rare cause of bilateral ureteral obstruction
and hydronephrosis is retroperitoneal systemic
sclerosis.

Extrinsic

Ureteral metastases have already been dis-
cussed. Occasionally inflammation surrounding
an abdominal aortic aneurysm entraps one or
both ureters and results in obstruction. Simi-
larly, extrinsic ureteral compression and
obstruction occurs with abdominal fibromato-
sis due to several disorders.

Aberrant arteries may compress a ureter,
leading to varying degrees of obstruction. As
already mentioned, the most common location
is at the ureteropelvic junction, but it can occur
anywhere along the ureter.

Ureteral obstruction develops secondary to
an adjacent neoplasm, perforated appendiceal
abscess, and an adjacent hematoma. An ileoce-
cal phlegmon in Crohn’s disease not uncom-
monly obstructs the right ureter, but rarely the
left. Extensive periureteral venous collaterals
due to a thrombosed or absent infrarenal vena
cava can result in ureteral obstruction. Anecdo-
tal reports describe an infected urachal cyst,
uterine prolapse, and even methacrylate migrat-
ing into the pelvic cavity after hip arthroplasty,
resulting in ureteral obstruction. Castleman’s
disease can present as a recurrent tumor,
detected by imaging (103).

Placement of metallic stents in ureters
obstructed by an extrinsic tumor, such as an
extensive gynecologic cancer, is effective in
maintaining renal function during chemother-
apy or radiation therapy. If necessary, these
stents can be augmented by cystoscopically
inserted temporary J endostents. Renal RI,
obtained from Doppler US data, was found
useful in following patients with unilateral
extrinsic ureteral obstruction after therapy with
double-J ureteral stents (104).

Table 10.8. Etiologies of benign ureteral strictures (from more
common to less common)

Ureteral stones

Ischemia
Thromboemboli
Vascular reconstructive surgery
Sequelae to adjacent organ resection
Polyarteritis nodosa

Trauma

Adjacent Crohn’s disease

Infection
Tuberculosis
Bilharziasis

Retroperitoneal fibrosis

Idiopathic
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Retrocaval Ureter

A retrocaval ureter represents an anomalous
vena caval development with persistence of the
ventral vasculature. A retroiliac ureter is rare.
The clinical significance of a retrocaval ureter
depends on the degree of obstruction. Urogra-
phy suggests the diagnosis. Contrast-enhanced
CT should be diagnostic.

Reanastomosis using a laparoscopic ap-
proach is a viable option.

Ovarian Vein Syndrome

Ovarian vein syndrome consists of ureter com-
pression between the external iliac artery and a
dilated ovarian vein. It is more common on the
right. Occasionally a thrombosed right ovarian
vein produces a distinct impression on the
ureter, although obstruction is rare.

A similar syndrome on the left side is due to
ureter compression between a dilated ovarian
vein and the psoas muscle.

Endometriosis

Ureteral endometriosis is generally part of
diffuse pelvic involvement. Both focal and
diffuse disease lead to ureteral obstruction, gen-
erally in the distal ureter. It can be silent and
progress to loss of renal function. At times both
ureters are involved.

A typical appearance is that of a focal or long
infiltrating-appearing ureteral stricture, similar
to encasement by extrinsic fibrosis or tumor.
Retroperitoneal fibrosis has a similar appear-
ance but the two conditions have different clin-
ical presentations.

Hernia

Ureteral herniation is a rare cause of ureteral
obstruction. Possible herniation sites include
inguinal, femoral, and sciatic hernias. A number
of these obstructions are chronic, manifesting
by more proximal hydronephrosis.

Any imaging modality visualizing the ureter
should detect such a hernia.

Other Obstructions

Ureteral polyps are not common. Occasionally
such a polyp intussuscepts and results in an
acute obstruction.

Antegrade ureteral intussusception can
develop after antegrade instrumentation.
Intussusception can be related to an indwelling
endoprosthesis.

A cholesteatoma in the midportion of the left
ureter led to obstruction and hydronephrosis
(105).

Rarely, polyarteritis nodosa is associated with
ureteral obstructions, presumably due to a peri-
ureteral vessel vasculitis.

During Pregnancy
Proximal ureters dilate during pregnancy due 
to extrinsic compression, although hormonal
factors may also play a role. At times dilation is
asymmetrical and a superimposed ureteral cal-
culus is suspected. Dilation gradually resolves
after delivery.

With suspected obstruction during preg-
nancy US evaluates hydronephrosis and at times
suggests an etiology. Ureteral jets identified at
color Doppler US imply lack of obstruction at
the ureterovesicular junction. Occasionally late
in a pregnancy no ureteral jet is identified in the
absence of obstruction; turning the patient to 
a contralateral decubitus position generally
restores this sign.

Spontaneous urinary tract rupture during
pregnancy is rare and generally occurs in a
setting of a diseased kidney. Rupture is either in
the collecting systems or it involves the kidney
parenchyma. Most ruptures occur in the second
or third trimester.

If relief of an obstruction is believed neces-
sary, a percutaneous nephrostomy rather 
than surgical decompression should be con-
sidered. Many women with symptomatic acute
hydronephrosis are managed with ureteral
stenting.

Diabetes Insipidus
Nephrogenic diabetes insipidus is a cause of
nonobstructive urinary tract dilatation.

Reflux
Clinical
Vesicoureteral reflux is abnormal. A number of
investigators ascribe most reflux to an abnormal
ureterovesical junction, although morphologi-
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cally this junction is indistinguishable from
those without reflux. Nerve density and distri-
bution are similar. Especially in male infants,
vesicoureteral reflux tends to be associated with
abnormal voiding urodynamics, such as a small
voided volume, inadequate voiding dynamics,
markedly dyssynergy, and an obstructive pat-
tern. In males an association exists between
reflux and a simultaneous increase in detrusor
pressure. A familial tendency to vesicoureteral
reflux exists.

In children, vesicoureteral reflux is associated
with urinary tract infection and impaired
growth, although whether reflux per se or the
often commonly associated renal tubular acido-
sis is responsible for growth failure is not clear.
Although both reflux frequency and grade tend
to decrease with age, reflux remains a common
cause of end-stage renal failure requiring renal
transplantation. Some of these children also
develop hypertension or urinary infections and
thus may also require bilateral nephrectomies of
the native kidneys.

Reflux tends to be intermittent, and the time
to resolution varies widely.

A ureter inserting into a diverticulum is at an
increased risk of vesicoureteral reflux. Patients
with renal dysplasia are also at an increased risk
for reflux, although whether dysplasia is 
secondary to reflux is not clear.

Screening
In view of renal parenchymal damage associ-
ated with vesicoureteral reflux, should US
screening for reflux be instituted early in life?
Several studies have found that even using a
meticulous technique, prenatal and neonatal 
US achieves a low sensitivity for detecting 
vesicoureteral reflux. In children, often major
renal damage has already occurred when an
acute urinary tract infection or a megaureter
becomes evident. One proposal is to perform
cystography in those at risk for reflux, such as
newborns with pyelocaliceal dilation and in sib-
lings of those treated for vesicoureteral reflux,
yet such an approach also misses some infants
with reflux.

Detection
A search for reflux appears appropriate in
infants with a urinary tract infection. Although

often called screening, in a pure sense this is no
longer screening but an attempt to detect reflux
in a symptomatic patient. Young boys probably
should also be studied if they develop an infec-
tion because of the relatively high prevalence of
posterior urethral valves. Screening of girls with
a first infection is somewhat controversial, but a
general trend toward earlier study is evolving.
In women a search for reflux is appropriate for
recurrent infection.

The two primary examinations used to detect
vesicoureteral reflux are fluoroscopic voiding
cystourethrography and radionuclide cystogra-
phy, with some centers also having introduced
contrast enhanced voiding urosonography.
Each study has its proponents. Scintigraphy 
has a lower radiation dose but also provides
fewer anatomic details. One approach is to 
use voiding cystourethrography in boys, who
are more prone to have other underlying
anatomic abnormalities such as urethral valves,
and radionuclide cystography is girls, in whom
anatomic abnormalities are uncommon.
Because of its low radiation dose, radionuclide
cystography is useful as a follow-up examina-
tion, but the lack of anatomic detail limits it as
a first study.

A number of vesicoureteral reflux grading
systems have been proposed. One classification,
based on the results of voiding cystourethrog-
raphy, is outlined in Table 10.9. Reflux can be
missed with incomplete bladder distention. At
times reflux is observed only after several
episodes of bladder filling to capacity and
having the patient void. If reflux is detected
during a voiding cystourethrogram, the study
should be modified so the degree of calyceal and
ureteral dilation can be evaluated and any

Table 10.9. Classification of vesicoureteral reflux

Grade Description

I Reflux into ureter
II Reflux into collecting system, without dilation 

and with normal calyceal fornices
III Reflux into collecting system, with mild to 

moderate ureter dilation and mild dilation
of renal pelvis

IV Moderate ureter and renal pelvis dilation,
obliteration of forniceal angle but papillary
outline is preserved

V Severe ureter, renal pelvis and caliceal 
dilation, papillary outline not preserved
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underlying obstruction detected. Often a dupli-
cated collecting system can be suspected from
this examination.

What is the role of US in detecting reflux?
Intermittent renal collecting system dilation
and contraction during real-time renal US is an
indirect sign of vesicoureteral reflux (106). Like-
wise, renal pelvis dilation during bladder con-
tractions points to reflux, yet a large minority of
children with negative renal US have reflux at
voiding cystourethrography.

In spite of some rather optimistic claims, it is
still difficult to gauge the accuracy of intravesi-
cal contrast enhanced voiding US in detecting
and grading vesicoureteral reflux in children.
Although presence of microbubbles in the
ureters or renal pelves does signify reflux, in 
one study 38% of such reflux was graded 
either lower or higher than with voiding cys-
tourethrography (107). Additional work is nec-
essary to place contrast enhanced voiding US in
a proper clinical perspective.

An occasional author suggests air as a US
bladder contrast agent; although uncommon,
intravasation of an instilled contrast agent does
occur, especially with the distention pressures
generally employed to detect reflux, and air thus
cannot be recommended.

Mild renal pelvic dilation detected at renal US
is not a reliable sign of vesicoureteral reflux. An
increase in renal pelvic size on postvoid US also
does not signify vesicoureteral reflux.

Upper urinary tract wall thickening in 
children occurs secondarily to urinary tract
infection, chronic obstruction, and chronic vesi-
coureteral reflux. Thus voiding cystourethrogra-
phy appears reasonable to evaluate for reflux in
these children if US detects upper urinary tract
wall thickening.

Radionuclide cystography is performed with
Tc-99m–sulfur colloid (it is not absorbed from
the bladder). Reflux is detected as any activity
superior to the bladder. A reflux grading system
of mild, moderate and severe is generally
employed. This radionuclide test provides
grossly similar information to a voiding cys-
tourethrogram regarding reflux, although con-
tinuous monitoring during scintigraphy may
better detect intermittent reflux. Its disadvan-
tage is a poorer spatial resolution. At times vesi-
coureteral reflux is not evident during an initial
fluoroscopic or scintigraphic study, but reflux

becomes apparent during a second cycle of
bladder filling. When to perform such a second
cycle is not clear; a positive study is more
common in patients strongly suspected of
having reflux.

The SPECT Tc-99m-DMSA is a noninvasive
test useful in assessing functional kidney
impairment in children due to pyelonephritis or
in those with vesicoureteral reflux.

Therapy
Due to increased pre- and postnatal US screen-
ing, more infants with vesicoureteral reflux are
being detected. Reflux is being managed both
medically and surgically. Endoscopic therapy
consists of injecting polytetrafluoroethylene
(Teflon) or polydimethylsiloxane (Macroplas-
tique). Resection after the failure of endoscopic
therapy reveals that both substances induce an
inflammatory giant cell macrophage reaction,
new vessel formation, and fibrosis (108).

Among 302 children under 11 years of age
with urinary tract infection and grade III or IV
vesicoureteral reflux enrolled in the European
branch of the International Reflux Study in
Children group and randomly assigned to sur-
gical or medical therapy, follow-up for 10 years
with serial IV urography revealed no significant
difference in mean renal growth between the
two groups (109). Debate continues, however,
about the relative merits of conservative versus
surgical therapy.

Conventional Surgery

The classic surgical therapy for vesicoureteral
reflux is ureteral reimplantation. Infants with
reflux typically undergo surgical correction at
about the age of 6 months, although in a setting
of hydronephrosis or renal damage correction
as early as 1 month of age is performed. In some
surgical centers a very high success rate in cor-
recting reflux is achieved.

A minority of patients with unilateral vesi-
coureteral reflux treated by reimplantation
develop postoperative contralateral vesi-
coureteral reflux; most such reflux resolved
spontaneously. Although it is tempting to attrib-
ute any new contralateral reflux to the surgical
procedure, one should keep in mind that new
reflux develops in some children.
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In some children with persistent vesi-
coureteral reflux after ureteral reimplantation,
subsequent endoscopic subureteral Teflon injec-
tion corrects the reflux in most.

Injection Therapy

Subureteral collagen or polytetrafluoroethylene
(Teflon) injection is an alternative therapy to
surgical ureteral reimplantation and it corrects
reflux in about 80% of patients. In children with
neurogenic bladder dysfunction and vesi-
coureteral reflux, success rates are greater after
ureteroneocystostomy than after subureteral
Teflon injection, yet the latter procedure is often
employed in managing reflux because of relative
procedure simplicity and ability, if necessary, to
perform secondary reimplantation. The opera-
tive cost is considerably less than that for reim-
plantation, and morbidity is minimal.

Results of endoscopic collagen injection in
treating children with reflux into a totally dupli-
cated ureter system were disappointing; eventu-
ally many of these children require surgical
correction.

Among infants and children with posterior
urethral valves and vesicoureteral reflux, reflux
resolves in only a minority. Most require 
correction.

Ultrasonography shows collagen to be hyper-
echoic compared to the bladder wall shortly
after endoscopic subureteral injection, and it
gradually becomes isoechoic. On a long-term
basis US does not detect some residual peri-
ureteral Teflon.

Diverticula
Calyceal
Calyceal diverticula are lined by transitional
epithelium and communicate with an adjacent
calyx. They can be located anywhere in the 
collecting system, although upper and lower
pole fornices predominate. Their pathogenesis
is unknown. Most are incidental findings. An
occasional one becomes obstructed or is a site
for stone formation and a nidus for infection.

Many of these diverticula have a typical 
radiographic appearance. They communicate

with an adjacent calyx; thus postcontrast they
opacify only after contrast enters the involved
calyx, differentiating them from papillary
necrosis, which, being in continuity with tubules
of Bellini, opacifies before the involved calyx.
Some contain debris or stones. Delayed contrast
filling is evident with some.

A cyst communicating with a calyx is a non-
specific finding: a pyelogenic cyst or any
inflammatory or neoplastic tumor can rupture
into a calyx. Radiographically, an abscess that
has drained into an adjacent calyx has a similar
appearance.

Percutaneous calyceal diverticulectomy
(most with stones) consists of stone removal
and diverticular neck incision or dilation and
diverticular wall fulguration.

Ureteral
The pathogenesis of ureteral diverticula is not
clear. Some authors refer to them as pseudodi-
verticula. They are usually detected during
high-quality urography or retrograde pyelogra-
phy and appear as small ureteral outpouchings.
They occur primarily in the upper one third of
the ureter and generally are multiple and often
bilateral.

Associated urinary tract abnormalities 
are common, ranging from bladder outlet
obstruction, to neoplasms, to renal stones and
others.

Calcifications
Urolithiasis
Clinical

Urolithiasis means a calculus within the urinary
tract. Renal (nephrolithiasis) and ureteral
calculi predominate in developed countries,
while bladder calcifications are more common
in underdeveloped parts of the world. Stones
range from small to large. Most radiologists
have encountered a giant staghorn calculus;
these have a complex composition. An underly-
ing urinary tract infection is common.

Most patients with nonobstructing stones are
asymptomatic, although an occasional stone
results in hematuria or infection.
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In general, about one third of patients with a
first renal stone develop a recurrence within 5
years. These patients are usually investigated for
an underlying cause, such as primary hyper-
parathyroidism, renal tubular acidosis, urinary
tract infection, and cystinuria. Urography, lately
supplanted by noncontrast CT, is often included
in the workup. Stone analysis often guides
further studies.

A study based on data from the Swedish Inpa-
tient Register and Swedish Cancer Registry fol-
lowed over 61,000 patients hospitalized for renal
or ureter stones and concluded that although
these patients are not at risk for developing a
future renal cell cancer, they are at increased
risk for renal pelvis, ureter, and bladder cancer
(110); chronic irritation and infection appear to
play a role because tumors tended to develop on
the same side as stones.

Associated Conditions

Epidemiologic studies have established an asso-
ciation between arterial hypertension and renal
stone disease. Alterations in calcium metabo-
lism play a role in both entities.

Over 5% of cystic fibrosis patients older than
15 years have had urolithiasis in the past.

Renal stone disease is induced by some drugs.
In France, the most common drugs involved 
are calcium and vitamin D supplements and
long-term therapy with carbonic anhydrase
inhibitors (111). Furosemide therapy of prema-
ture neonates for hyaline membrane disease is
associated with urolithiasis.

Occasionally reported is heterotopic ossifi-
cation within a renal stone. A suture retained in
the renal pelvis from prior surgery can act as a
nidus for subsequent calcification.

Patients with primary hyperparathyroidism
have an increased prevalence of renal stones, but
only a small percentage of patients with idio-
pathic stones are hyperparathyroid.A metabolic
defect is detected in about half of patients who
develop calcium stones.

Calcium containing stones consist of calcium
oxalate and calcium phosphate. Less common
are magnesium ammonium phosphate (stru-
vite) stones. Calcium oxalate stones are associ-
ated with certain blood groups. The prevalence
of these stones in patients with blood group O
is several times greater than in patients with
blood group A.

Patients with gout, Crohn’s disease involving
the small bowel, and some myeloproliferative
disorders have an increased prevalence of uric
acid stones. Pure uric acid stones are lucent.

Cystine stones develop in a setting of
cystinuria, a rare autosomal-recessive disorder.
These stones form in the first and second
decades of life, while uric acid stones form in
older patients. Cystine stones are only slightly
radiopaque and range from small to large.
Recurrent stones are common, and lifetime 
surveillance is necessary in affected individuals.

Patients with struvite stones are prone to per-
sistent infections.

Imaging

Imaging of suspected urinary obstruction is
discussed in the previous Dilated Urinary Tract
section.

Unenhanced CT readily identifies ureteral
stones; keep in mind that with the use of wide
collimation some smaller stones, especially uric
acid stones, are insufficiently dense to be
detected. Narrow collimation is thus necessary.
At 1-mm collimation, stones can be grouped by
attenuation: uric acid (least dense), cystine and
struvite, calcium oxalate monohydrate, and
brushite and hydroxyapatite (most dense) (112).
In vitro CT using HU measurements of chemi-
cally pure stones identified the chemical com-
position of uric acid, struvite, and calcium
oxalate stones, but could not differentiate
calcium oxalate from brushite stones and 
struvite from cystine stones (113); the use of
dual CT kilovoltage aids differentiation.

The sonographic appearance of a calculus
reflects its size rather than its internal composi-
tion. Calculi are hyperechoic and, aside from
small ones, have posterior acoustic shadowing
(Fig. 10.31). Ultrasonography is insensitive in
measuring stone size. Ultrasonography is better
in detecting renal calculi than ureteral calculi.
In women, transvaginal US can detect stones in
the distal ureter, and this modality should be
considered in the pregnant patient.

An interesting stone finding consists of a
“twinkling” artifact detected by color and power
Doppler US (114); this phenomenon appears as
a rapidly changing color complex located
behind a stone, similar to a comet’s tail. It aids
in stone detection. Also, a twinkling artifact
depends, in part, on stone composition. Thus it
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is present with calcium oxalate dihydrate and
calcium phosphate stones, but it is absent with
calcium oxalate monohydrate and urate stones
(115).

Magnetic resonance reveals a stone as a signal
void, regardless of stone composition. T2-
weighted MRI (MR urography) identifies hyper-
intense urine, at times in a dilated ureter, and a
hypointense or signal void stone at the site of
obstruction. A blood clot also results in a
hypointense signal.

Conventional radiographs are often
employed in follow-up of known stones; stones
detected only with helical CT should be followed
with that imaging modality. Helical CT allows
3D reconstruction of stone shape, number,
and size. The role of helical CT in lithotripsy
planning is still evolving.

Therapy

The ideal goal of therapy is to eliminate all frag-
ments. One proposed stone management strat-
egy consists of surveillance for asymptomatic
caliceal stones <5 mm in diameter; symptomatic
stones <20 mm in diameter are treated with
ESWL, while a combination of percutaneous
nephrolithotomy and ESWL is used for stones
>20 mm in diameter (116); stones resistant to
ESWL, such as cystine stones, often require 
percutaneous nephrolithotomy or ureteroreno-
scopic endocorporeal lithotripsy.

Extracorporeal Shock-Wave Lithotripsy

Extracorporeal shock-wave lithotripsy (ESWL)
is now the treatment of choice for most larger
renal or ureteral calculi. Both US and fluoro-
scopic guidance are employed. Occasionally IV
contrast is necessary to define a stone. Large
stones are often approached by both ESWL and
percutaneous nephrolithotomy, while patients
with an underlying congenital anomaly tend 
to undergo surgical reconstruction and stone
clearance.

Extracorporeal shock-wave lithotripsy is
used to treat patients with urolithiasis in a 
solitary kidney and patients with calculi in
anomalous kidneys. An increased risk exists
with a solitary kidney, because a subcapsular
hematoma after ESWL in a solitary kidney can
result in acute renal failure. Extracorporeal
shock-wave lithotripsy is performed in chil-
dren; although the procedure is similar to that
in adults, some issues, such as sedation, are
more pertinent to children.

The overall success rate for lithotripsy is
about 80%, although the rate varies among insti-
tutions and with stone size and composition.An
ESWL study found that 95% of calculi <15 mm
in maximum length were successfully disinte-
grated, while only 8% of those >25 mm in length
were disintegrated (117); for calculi between 
15 and 25 mm, however, instead of maximum
length, volume was a better indicator, with 90%
of calculi <6 cm3 successfully disintegrated,
while none >6 cm3 were disintegrated. Spicu-
lated, low-density stones are cleared more
readily than smooth, dense stones. Peak shock
wave pressure generated by many ESWL units at
the focus is between 80 and 120 MPa, and, in
theory, the peak pressure required to disinte-
grate a 6-cm3 calculus was calculated to be
approximately 80 MPa (117).

Technetium-99m-DMSA scintigraphy per-
formed the day before and at least 6 months
after ESWL in children did not identify any
significant parenchymal lesions (118); stone
fragmentation or elimination was achieved in
90% of these children. Likewise, no blood pres-
sure or renal function changes were evident.

In patients who become stone free after
ESWL, the ipsilateral typical recurrence-free
rates are about 95% and 65% after 1 and 5 years,
respectively, and vary depending on the therapy
for any underlying lithogenesis.

Figure 10.31. Right renal nephrocalcinosis in a child. Longitu-
dinal US scan identifies numerous discrete hyperechoic foci in
the kidney. (Courtesy of Luann Teschmacher, M.D., University of
Rochester.)
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Morbid obesity makes ESWL difficult.
Patients with a bleeding diathesis require 
adequate perilithotripsy therapy. The literature 
suggests that lithotripsy is feasible in patients
with calcified aneurysms and cardiac pace-
makers, but it requires close monitoring. Preg-
nancy is generally considered a contrain-
dication to ESWL.

Patients with a pheochromocytoma have had
severe reactions while undergoing ESWL.

Less than 1% of patients develop a hematoma;
preexisting hypertension is a risk factor for 
perinephric or subcapsular hematoma. These
hematomas can be diagnosed by US and most
are managed conservatively. An occasional
patient with a perirenal hematoma manifests
hypertension, generally transient; a rare patient
develops permanent hypertension as a late
finding; a temporal relationship to previous
lithotripsy is difficult to establish; some of these
patients have had decreased renal function
prior to lithotripsy.

Fever suggesting postprocedure obstruction
is approached with urinary tract drainage and
possible ureteroscopy. Drainage catheters are
inserted to bypass a heavy stone load. Few 
complications are associated with these ureteral
catheters, although encrustation becomes a
problem in catheters retained longer than about
6 weeks.

A resultant fibrous scar, detected by imaging,
is presumptive evidence for renal parenchymal
damage during lithotripsy. Posttherapy Tc-99m-
DMSA scintigraphy should detect any acquired
parenchymal scars after ESWL. Anecdotal com-
plications include renal laceration, small bowel
perforation, splenic rupture, and even abdomi-
nal aortic rupture.

Ureteroscopy

Using an ureteroscopic approach, therapy
options for ureteral stones include laser or elec-
trohydraulic lithotripsy or simply the use of
endoscopic baskets and similar grasping tools.
Even intrarenal calculi are amenable to such
therapy.

Ureteroscopy is more successful than ESWL
for larger calculi. One option is ureteroscopic
laser lithotripsy. Lithotripsy stone fragmenta-
tion is more successful in lower ureteral stones
than in upper ureteral stones. Stone fragmenta-
tion by holmium:yttrium-aluminum-garnet
(Ho:YAG) lithotripsy is primarily due to photo-

thermal chemical decomposition rather than 
to photomechanical or photoacoustical frag-
mentation (119); thus calcium carbonate was
found in samples composed of calcium oxalate
calculi, calcium pyrophosphate in calcium
hydrogen phosphate stones, free sulfur, and cys-
teine in cystine stones and cyanide in uric acid
calculi.

Percutaneous Nephrolithotomy

In a retrospective study of lower pole stones 10
to 20 mm in size, a stone-free status was
achieved in 44% of patients with ESWL and 72%
with percutaneous nephrolithotomy (120); the
difference in success rate was less significant for
smaller stones. On the other hand, morbidity
was higher with the nephrolithotomy technique.

Severe hemorrhage developed in 2% of
patients after percutaneous nephrolithotomy
(121); renal arteriography revealed a mix of
arteriovenous fistulas, false aneurysms, and
arteriolar injuries, all successfully treated by
embolization.

Staghorn Calculi

Staghorn calculi are usually treated by either
ESWL or surgery, but the optimal therapy is still
controversial. Lithotripsy alone is effective in
about 50% of the patients.

Ultrasonography guidance is an option for
percutaneous lithotomy, but the entire stone
burden is removed only in a minority of
patients; others require either lithotripsy or
surgery.

Fiberoptic transurethral nephrolithotripsy
has been combined with ESWL to treat staghorn
calculi. The stones are initially disintegrated by
nephrolithotripsy, and ESWL is then performed
for residual fragments.

Nephrocalcinosis
Nephrocalcinosis designates renal parenchymal
calcifications. These calcifications range from
discrete to diffuse and tend to be bilateral.
Nephrocalcinosis can be further subdivided by
location—cortex or medulla. In either site
calcifications can be dystrophic or metastatic.
Dystrophic calcifications (those in abnormal
tissue) develop at sites of ischemic, necrotic, or
infected tissue, while metastatic nephrocalci-
nosis develop in normal tissue.
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Medullary nephrocalcinosis tends to be bilat-
eral and symmetrical. It has developed in a
setting of vesicoureteral reflux, presumably
related to urine stasis in collecting tubules.

Precontrast CT in medullary nephrocalci-
nosis reveals multiple medullary calcifications.
Some mimic nephrolithiasis.

Ultrasonography appears to be reliable in
grading nephrocalcinosis, although reliability 
in assessing change between examinations 
is only fair. Ultrasonography in primarily
medullary nephrocalcinosis reveals hypere-
choic medullary pyramids. Posterior shadowing
develops only when the condition is advanced.
Ultrasonography findings may precede the
development of visible calcifications seen with
conventional radiography.

Sarcoidosis
Sarcoidosis typically involves lungs, skin, and, at
times, eyes. In a setting of sarcoidosis about 25%
of patients develop hypercalciuria and 15%
urinary lithiasis. A rare manifestation of renal
sarcoidosis is focal granulomatous interstitial
nephritis (122), with secondary ectopic cal-
citriol secretion by the granulomas and result-
ant nephrocalcinosis.

Rarery, ureteral infiltration by sarcoidosis
leads to obstruction and hydronephrosis.

Calcifications in Cysts
An occasional benign cyst contains thin,
curvilinear calcifications, probably induced by
prior hemorrhage or infection. Any amorphous
calcifications should raise suspicion for a 
neoplasm.

Hyperoxaluria
One of the conditions resulting in diffuse corti-
cal calcifications is oxalosis. When extensive,
these calcifications can be identified with con-
ventional radiography.

Gas in the Parenchyma or
Collecting System
Gas in the renal parenchyma or collecting
system can be secondary to a fistula, abscess,
or emphysematous pyelonephritis.

A spontaneous nephrocutaneous or neph-
roenteric fistula is rare and is usually associated
with a staghorn calculus and obstruction. A
fistula can be secondary to an extrinsic infection
or, less likely, a neoplasm.

Computed tomography shows gas-fluid 
collections within the kidney, perinephric
inflammatory changes, and, at times, extension
of renal contrast outside the collecting system.
Neither an antegrade nor a retrograde pyelo-
gram may define a renal fistula.

Antegrade stent insertion is the primary
therapy of choice for an enteroureteral fistula.
If the antegrade approach fails, a cystoscopic
retrograde approach will generally also fail.
In some patients combining an antegrade 
with a retrograde approach succeeds in stent
placement.

Renal Failure/Insufficiency
Clinical
Differentiation of renal failure from renal
insufficiency depends on the degree of loss in
renal function, with the final end point of renal
failure being end-stage renal disease. The eti-
ologies of renal failure are complex, varied, and
often interrelated; some are listed in Table 10.10.
Differentiation into acute and chronic renal
failure aids in clinical management. A subdivi-
sion into prerenal, renal, and postrenal etiolo-
gies is helpful. Diabetes mellitus is the most
common cause of chronic renal failure in adults.
Vesicoureteral reflux is probably the common-
est cause of end-stage renal failure in children.
Most patients with glomerular kidney disorders
have a progressive loss of renal function, with
eventual histologic evidence of glomeruloscle-
rosis and tubulointerstitial fibrosis. Presumably
such fibrosis is not the initiating factor in renal
failure but represents a final pathway.

Urinary tract obstruction is an uncommon
cause of renal failure, except in individuals 
with a single kidney, where it can lead to either
acute or chronic renal failure. Ultrasonography
readily detects hydronephrosis and can steer the
further workup, but keep in mind that an occa-
sional obstructed urinary system does not lead
to hydronephrosis. Intravenous urography is
not indicated in acute renal failure even with a
suspected urinary obstruction.
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Upper gastrointestinal symptoms are com-
mon in patients with chronic renal failure. Most
patients with chronic renal failure have an
abnormal radionuclide solid meal gastric emp-
tying time. Renal failure patients developing
upper gastrointestinal bleeding should be sus-
pected of erosive gastritis, erosive esophagitis,
and gastric ulcer.

An occasional patient with renal failure
develops spontaneous hypoglycemia.

The following discussion of renal failure
causes is subdivided only approximately and
overlap exists. For instance, hypoperfusion
(shock) due to trauma is a cause of acute prer-
enal failure but can also lead to acute tubular
necrosis.

Imaging
Renal failure often has no characteristic
imaging characteristics per se, but certain
findings are useful. The kidneys tend to 
increase in size in patients with acute renal
failure, an increase measurable with US. Chro-
nic renal failure, on the other hand, results in 
small, hyperechoic kidneys due to underlying
sclerosis and fibrosis. Ultrasonography
identified an extracapsular hypoechoic rim,

called the kidney sweat sign, in 14% of 330
patients with renal failure (123); this finding 
occurs bilateral. Magnetic resonance imaging
reveals a loss of corticomedullary interface in a
setting of renal insufficiency due to a variety of
conditions. The primary role of imaging is to
exclude obstruction and detect hydronephrosis,
calculi, and location and size of the kidneys.
Depending on the information needed, US or
scintigraphy is sufficient in some patients, while
in others noncontrast CT is necessary. In some
patients with renal failure a contrast study is
necessary to exclude a vascular etiology.

Magnetic resonance imaging measurement 
of mean cortical thickness in patients with
glomerular disease differs significantly from
that in patients with normal kidneys and those
with other renal parenchymal disorders. The
normal postcontrast pyelocaliceal phase MR
signal intensity decrease is lacking in renal
insufficiency patients; this change is due to the
reduced renal concentrating ability in these
patients. Also, a minority of patients with renal
disease have diffuse medullary hyperintensity
on delayed postcontrast images.

Serum creatinine level is only a crude esti-
mate of renal function; creatinine clearance is a
better test, although it is of limited use in a

Table 10.10. Conditions associated with renal failure

Vascular causes (hypoperfusion)
Bilateral renal artery occlusion/stenosis
Shock
Hypertensive nephropathy
Other causes for ischemia

Diabetic nephropathy

Vesicoureteral reflux

Urinary obstruction
Stones
Benign strictures
Malignant obstruction

Urinary infection

Papillary or cortical necrosis

Acute tubular necrosis

Acute interstitial nephritis

Drug or poison induced

Tubulointerstitial nephritis

Multiple myeloma

Rhabdomyolysis

Pregnancy-related

Nephrotic syndrome

Membranous nephropathy

Glomerulonephritis (acute or chronic)

Hemolytic-uremic syndrome

Cirrhosis/hepatorenal syndrome

Congenital medullary cystic disease

Polycystic kidney disease
Autosomal dominant
Autosomal recessive

Alport’s syndrome

Chronic tubular dysfunction
Renal tubular acidosis
Fanconi’s syndrome
Cystinosis
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setting of acute renal failure. Newer methods of
estimating glomerular filtration rate include
plasma clearance of small amounts of iohexol, a
nonionic contrast agent. A correlation exists
between renal clearance of inulin and iohexol 
in patients with moderate to severe renal 
failure. Doppler US appears useful in following
acute renal failure; recovery of renal function is
associated with a progressive drop in resistive
index.

The normal postintravenous contrast pyelo-
caliceal phase MR signal intensity decrease is
lacking in renal insufficiency patients; this
change is due to the reduced renal concentrat-
ing ability in these patients.

Vascular Causes
A common cause of acute prerenal failure is
hypoperfusion due to either cardiac failure or
hypovolemia; the latter condition is detected
with a fluid-load challenge. Bilateral renal artery
or vein occlusion, although rare, also leads to
renal hypoperfusion, with a lack of response to
a fluid load. Vascular occlusion in a solitary
kidney is perhaps a more common cause of
acute failure than bilateral vascular involve-
ment; US should exclude this finding.

Atherosclerotic vascular disease or small
vessel disease such as cholesterol crystal
embolization have led to acute renal failure.
Drug-induced vasomotor disorders also play a
role. Bilateral vasculitis leading to renal artery
obstruction and small vessel disease are less
common causes of acute renal failure.

Hypertensive nephropathy and related renal
artery stenosis are common causes of chronic
renal failure. The latter is discussed in Chapter
17.

Acute Tubular Necrosis
Acute tubular necrosis is a common cause 
of acute renal failure and associated high 
morbidity and mortality. The causes of acute
tubular necrosis include nephrotoxic, ischemic,
hypotensive, and other factors. It occurs after
bilateral ureteral obstruction due to any cause.
The evidence suggests that it is induced by
tubular damage and tubular obstruction,
although a role for renin is also suggested.
Included among nephrotoxic agents are the 
following:

1. Iodinated radiographic contrast agents.
The risk of nephrotoxicity is increased in a
setting of impaired renal function.

2. Viper venom is mainly hemotoxic and
causes coagulation abnormalities, but
about one third of patients after systemic
envenomation have renal involvement;
renal biopsy in those with severe renal dys-
function reveals acute tubular necrosis.

3. Overexposure to aliphatic hydrocarbons
present in diesel fuels and solvents.

4. A nephropathy due to Amanita phalloides
exposure.

Clinically, acute tubular necrosis is mimicked
by bilateral renal artery occlusion or severe
stenosis, and these conditions should be
excluded. Ultrasonography identifies normal
kidneys in a setting of acute tubular necrosis.
Doppler US, however, reveals an increased RI in
most of these patients. Scintigraphy with Tc-
99m-DTPA or Tc-99m-MAG3 is useful in these
patients to confirm the presence of acute
tubular necrosis and exclude renal vascular
occlusion; parenchymal activity without excre-
tion suggests acute tubular necrosis.

Intravenous contrast in patients with acute
tubular necrosis shows a dense, persisting
nephrogram with little or no excretion of
contrast from enlarged kidneys. Contrast can
persist in renal parenchyma for a prolonged
time.

Acute Cortical Necrosis
The etiology of acute cortical necrosis is usually
multifactorial. Prior to 1980, obstetrical causes
were common; since then sepsis, dehydration,
drugs (discussed in the next section), and, in
India, snake bite predominate. Shock and trans-
fusion reaction have been implicated. Urinary
obstruction is occasionally implicated. Chronic
pyelonephritis, diabetes, and hypotension prob-
ably also play a role in this condition.

The underlying abnormality is cortical
ischemia with relative sparing of medulla.
Peripheral cortical regions remain viable due 
to intact capsular vessels. Initially involved
kidneys enlarge but on a chronic basis shrink in
size.

Acute cortical necrosis can be unilateral or
bilateral. The papillae cavitate, and communi-
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cate with an adjacent calyx, and the sloughing of
papillae leads to calyceal clubbing. In time,
linear cortical calcifications develop.

A diagnosis of acute cortical necrosis is most
often suggested by IV urography or postcon-
trast CT. It can be detected by renal arteriogra-
phy; the renal cortex does not enhance after
contrast injection while the medulla enhances.
No contrast excretion is evident from abnor-
mal papillae. Magnetic resonance reveals a
hypointense cortex on T2-weighted images.

Drug Induced
Renal toxicity is ascribed to numerous drugs,
with some being anecdotal reports with little
proof. An increased risk of nephrotoxicity due
to long-term analgesic exposure is suggested by
a number of studies. Yet one review concluded
that although excessive use of phenacetin-
containing analgesics probably does cause renal
papillary necrosis and interstitial nephritis, no
convincing epidemiologic evidence exists that
non–phenacetin-containing analgesics (such as
acetaminophen and aspirin) or nonsteroidal
antiinflammatory drugs (NSAIDs) cause renal
damage (124). Nevertheless, the literature con-
tains numerous reports of an increased risk of
nephrotoxicity from NSAIDs due to dehydra-
tion, hypotension and resultant renal hy-
poperfusion, congestive heart failure, and
underlying renal failure. The NSAIDs appear to
inhibit renal synthesis of prostaglandins. Nor-
mally in low perfusion states the vasodilator
prostaglandins help prevent vasoconstriction
and maintain renal blood flow, and in this
setting the inhibition of prostaglandin produc-
tion leads to renal failure and fluid retention.

Other believed associations with NSAIDs
include acute tubulointerstitial nephritis, papil-
lary necrosis, and nephrotic syndrome.

Patients with analgesic nephropathy lose
renal volume bilaterally, and the kidneys
develop an irregular outline. Papillary calcifi-
cations are common. Even in the early stages of
analgesic nephropathy, CT detects papillary
calcifications with a high sensitivity, and CT is
superior in detecting calcifications to US and
conventional radiography.

Even mannitol has led to acute anuric renal
failure in a setting of chronic renal failure due
to diabetic nephropathy.

Acute Interstitial Nephritis
Acute interstitial nephritis is believed to repre-
sent an acute hypersensitivity reaction, most
often secondary to drugs, including NSAIDs.
Abnormal leakage from glomerular capil-
laries and an interstitial infiltrate lead to
nephrotic syndrome and eventual renal failure.
In general, renal failure resolves after with-
drawal of the offending agent, although deaths
are reported.

Prolonged renal failure developed in an adult
with Henoch-Schönlein purpura after an epi-
sode of macroscopic hematuria (125); histology
revealed findings of tubulointerstitial nephritis.
Some infections are associated with acute 
interstitial nephritis.

The kidneys enlarge during the acute 
phase. Delayed postcontrast CT reveals corti-
comedullary contrast enhancement due to vas-
cular and tubular stasis. Ultrasonography
detects diffusely hyperechoic cortices. The
kidneys gradually decrease in size as the condi-
tion clears.

Chronic Tubular Dysfunction
Disorders
Damage to renal tubules often also involves
adjacent interstitial tissue and vice versa. The
major factor in renal failure, however, is tubular
damage. From a prognostic viewpoint, tubular
injury progressing to tubular atrophy leads to a
permanent loss of renal function.

Renal Tubular Acidosis

The term renal tubular acidosis describes
several tubular transport disorders. Tradition-
ally, it is subdivided into proximal and distal
types based on which nephron segment is 
involved, although such an approach is an
oversimplification of the underlying pathop-
hysiology:

Type I: defect in hydrogen ion secretion
(distal renal tubular acidosis)

Type II: defect involving bicarbonate reab-
sorption (proximal renal tubular acidosis)

Type III: defects in both distal and proximal
renal tubules
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Type IV: aldosterone deficiency and resist-
ance to aldosterone result in a hyper-
kalemic renal tubular acidosis

In general, renal tubular acidosis in child-
hood has a congenital etiology, while in adults
acidosis tends to be secondary to another con-
dition. The prevalence of renal cysts appears
increased in type I renal tubular acidosis.

Some children with vesicoureteral reflux also
have renal tubular acidosis; growth failure in
these children probably is due to the renal
tubular acidosis.

Patients with type I disease develop nephro-
calcinosis. Aside from detecting nephrolithiasis
and nephrocalcinosis and excluding other con-
ditions, imaging has a limited role in these 
disorders.

Renal tubular acidosis and decreased renal
function result in decreased renal accumulation
of Tc-99m-DMSA and increased background
activity. Such a renal pattern should lead to a
search for an underlying defect.

Cystinosis

Nephropathic cystinosis results in renal tubular
acidosis.

The importance of detecting nephropathic
cystinosis lies in that effective therapy exists for
cystine accumulation.

Tubulointerstitial Nephritis

Medullary cystic disease, a type of tubulointer-
stitial nephritis, was discussed earlier (see 
Congenital Abnormalities).

Etiology of renal tubulointerstitial fibrosis 
is unknown, although two peptides—
transforming growth factor-b (TGF-b) and
angiotensin II—appear to play a role. Also, both
interstitial fibroblasts and renal tubular epithe-
lium are involved in formation of an extracellu-
lar matrix. Initially affected patients tend to be
asymptomatic, and the condition is often dis-
covered only when advanced.

Infection
Among unusual infections, Legionnaire’s
disease has led to acute renal failure. Rocky
Mountain spotted fever, due to infection with
Rickettsia rickettsii, is associated with acute

renal failure; infected patients developing acute
renal failure have a high mortality. Severe lep-
tospirosis and severe malaria have led to acute
renal failure.

Reversible acute oliguric renal failure is a rare
complication of nonfulminant hepatitis A infec-
tion in some patients.

Rhabdomyolysis
Rhabdomyolysis typically develops secondary
to muscle compression, epilepsy, infection,
ischemia, heat stroke, or trauma, and results in
acute renal failure. Occasionally nontraumatic
rhabdomyolysis develops in a setting of diabetic
ketoacidosis. Presumably increased myoglobin
levels are responsible for renal damage in this
condition; myoglobin is a nephrotoxin.

In Pregnancy
Septic abortion used to be the main cause of
renal failure in pregnancy; currently preeclamp-
sia and eclampsia are more common factors. In
some women renal failure is multifactorial; thus
chronic hypertension or acute pyelonephritis 
in a setting of preeclampsia should be conside-
red. Occasionally idiopathic postpartum renal
failure develops. Chronic renal failure ensues in
some patients.

A rare complication is HELLP syndrome
(hemolysis, elevated liver enzymes, and low
platelets) occurring during both pregnancy 
and puerperium. A major complication of this
syndrome is acute renal failure. In a pregnancy-
related acute renal failure study, HELLP syn-
drome accounted for 36%, postpartum
hemorrhage for 26%, preeclampsia/eclampsia
for 15%, and abruptio placenta for 10% (126).

Hemolytic-uremic syndrome is a rare 
complication developing in pregnancy and
postpartum.

Diabetic Nephropathy
The most common cause of chronic renal 
failure is diabetes mellitus. One should keep in
mind, however, that diabetic patients also
develop renal stones, reflux, and infections, and
in these patients voiding cystourethrography,
urodynamic studies, and at times retrograde
pyelography are indicated to exclude related
conditions.



658

ADVANCED IMAGING OF THE ABDOMEN

Initially the kidneys enlarge, but with time
shrink in size. A glomerulosclerosis ensues and
eventually nephrotic syndrome and end-stage
renal failure develop.

Pre- and postcontrast helical CT in type 2 dia-
betic patients reveal that both axial renal diam-
eters and arterial-phase cortical density are less
in those with a nephropathy than in non-
nephropathic diabetics and controls (127); these
changes are related to the duration of disease.

Once nephropathy is well established, US
identifies hyperechoic cortices. In patients with
insulin-dependent diabetes mellitus but normal
creatinine and blood urea nitrogen levels,
Doppler US–derived renal interlobar artery RI
is not sensitive enough in screening for
glomerular hyperfiltration.

Glomerulonephritis
The subtypes of glomerulonephritis include
membranous, immunoglobulin A (IgA)-related,
vasculitis, and idiopathic. Systemic diseases
associated with glomerulonephritis include a
number of infections, polyarteritis nodosa,
systemic lupus erythematosus, and Wegener’s
granulomatosis.A minority of cirrhotic patients
have glomerulonephritis ranging from mem-
branoproliferative to focal segmental and mem-
branous. An infected ventriculoatrial shunt 
can lead to glomerulonephritis, a condition
known as shunt nephritis. Even an occasional
patient with inflammatory bowel disease devel-
ops proteinuria due to membranous glomeru-
lonephritis. Glomerulonephritis and nephrotic
syndrome are associated with solid neoplasm
paraneoplastic syndromes. Histopathology ty-
pically reveals membranous glomerulone-
phritis. Proteinuria generally clears after tumor
resection.

Renal enlargement is common in acute
glomerulonephritis. Renal echogenicity varies,
but often is greater than in the adjacent 
liver. Echogenicity decreases with clinical
improvement.

Chronic glomerulonephritis leads to a
gradual loss of renal parenchyma. Only a 
faint but persisting nephrogram is identified
post–contrast injection. Eventually the kidneys
become small, smooth, and hyperechoic, similar
to other end-stage renal disease.

Color Doppler US is helpful in distinguishing
glomerular nephropathy and disorders of vas-

cular origin. The resistive index is related more
to the site of disease than to the degree of renal
failure. A normal RI is found in most patients
with glomerulonephrosis, while patients with
tubulointerstitial or vascular nephrosis have an
increased resistive index.

Absent parenchymal uptake during scinti-
graphy with Tc-99m-MAG3 suggests acute
glomerulonephritis.

Patients with newly discovered glomeru-
lonephritis probably should undergo chest 
radiography not only to detect evidence of
cardiac failure and effusions but also to estab-
lish a baseline appearance.

Focal Segmental Glomerulosclerosis
Focal segmental glomerulosclerosis is a syn-
drome resulting in chronic, progressive renal
fibrosis. It is a common cause of renal disease.
Histology reveals sclerosis of some but not all
glomeruli (hence the name). It does not appear
to be an immune response. Most authors sub-
divide it into a primary form, with no dis-
cernible cause, and a secondary form associated
with a number of diseases, including diabetes,
analgesic abuse, reflux nephropathy, a rejec-
tion phenomenon, HIV-associated nephropa-
thy, and, in some patients, renovascular hyper-
tension. Collapsing glomerulopathy is a variant
of focal segmental glomerulosclerosis manifest-
ing by the collapse of glomerular capillaries,
marked podocyte enlargement, and associated
tubulointerstitial disease.

Clinically this entity manifests as nephrotic
syndrome and leads to progressive renal failure.
It develops both in children and adults.

Imaging plays a role mostly in detecting
damage due to secondary causes.A hypertensive
patient developed unilateral focal segmental
glomerulosclerosis associated with contralat-
eral renal artery stenosis (128); the contralateral
kidney presumably was spared glomeruloscle-
rosis by the renal artery stenosis. The patient’s
renal insufficiency resolved after renal artery
stenosis repair, suggesting renovascular hyper-
tension as the primary cause for focal segmen-
tal glomerulosclerosis.

Therapy of any underlying condition is gen-
erally instituted. Corticosteroids are often used
to treat patients with idiopathic focal segmental
glomerulosclerosis, despite a lack of evidence
for such therapy. The eventual therapy is renal
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transplantation. Focal segmental glomeru-
losclerosis patients who receive a cadaveric
transplant have a significantly higher graft loss
rate than those with a human leukocyte antigen
(HLA)-identical living-related transplant.

Hemolytic-Uremic Syndrome
A number of bacterial and viral infections are
associated with hemolytic-uremic syndrome.
Thus enterohemorrhagic E. coli infection causes
both hemorrhagic colitis and hemolytic-uremic
syndrome. Some patients recover with medical
therapy, including hemodialysis. In children,
E. coli–induced hemolytic-uremic syndrome
and resultant renal failure are common factors
leading to kidney transplantation.

Scleroderma renal crisis is a rare cause of
acute renal failure due to microvascular disease
and other factors.

Doppler US reveals an increase both in RI and
PI. Renal artery flow is decreased. Renal volume
is increased.

Cirrhosis/Hepatorenal Syndrome
Increased renal vascular resistance (RI) devel-
ops in patients with progressive cirrhosis. Even
in patients with Child’s class A cirrhosis without
ascites, renal RI is increased (>0.7) in about a
third of patients (129). A greater increase in
both RI and PI occurs in those with Child’s B
and C cirrhosis. On the other hand, 99mTc-
DTPA renography identifies a reduced glomeru-
lar filtration rate only in more advanced
cirrhosis and Doppler US detects earlier than
renography those cirrhotic patients at higher
risk of developing renal failure.

Hepatorenal syndrome consists of renal
failure in association with severe liver disease.
The mortality rate is high once this syndrome is
established.

Post–Bone Marrow Transplantation
Acute renal failure is a recognized complication
after bone marrow transplantation. On an acute
basis tumor lysis syndrome and marrow-
infusion–associated toxicities occur. Veno-
occlusive disease leading to hepatorenal-like
syndrome occurs within about 1 month and is 
a common cause of acute renal failure. Late
failure includes bone marrow transplanta-

tion–associated nephropathy and cyclosporine
nephrotoxicity. These patients also develop
sepsis, hypotension, and other related complica-
tions, and often renal failure is multifactorial.

Nephrotic Syndrome
Nephrotic syndrome is an end-stage condition
induced by a number of entities. Clinically it
manifests by hypoproteinemia, proteinuria, and
hypercholesterolemia.

Nephrotic syndrome is an occasional mani-
festation of neoplastic disease. Patients with
thymoma are prone to developing a nephrotic
syndrome, ranging from minimal histologic
change in some to focal segmental glomeru-
lonephritis, proliferative glomerulonephritis,
and membranous glomerulopathy. Such diverse
conditions as systemic amyloidosis, lupus ery-
thematosus, and renal vein thrombosis can
manifest as nephrotic syndrome. Some pati-
ents with renal vein thrombosis are asympto-
matic, with imaging offering a clue to the under-
lying condition; the involved renal vein is
widened by a thrombus and the affected kidney
is enlarged.

Patients with nephrotic syndrome undergo-
ing bicarbonate hemodialysis have developed
extensive metastatic calcifications throughout
the body. These calcifications are detected by
scintigraphy.

Miscellaneous Conditions
Medullary Sponge Kidney
Medullary sponge kidney, or tubular ectasia,
refers to cystic collecting tubule dilation (ducts
of Bellini) and is believed to be a congenital dis-
order, although usually manifesting in adult-
hood. It ranges from focal to generalized. In a
minority of patients it is associated with
calcifications within collecting tubules.

Tubular ectasia is the early hallmark of this
condition, identified by IV urography as con-
trast-filled streaks opacifying renal pyramids
before or simultaneously as adjacent calyces
(Fig. 10.32).A clear border tends to be preserved
between the abnormally opacified papillae and
calyces. At times faint calcifications develop.
This condition should be differentiated from a
normal postcontrast papillary blush, seen as a
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homogeneous papillary enhancement. Some
authors use the term benign tubular ectasia to
designate early findings and to differentiate
them from more advanced medullary sponge
kidney, but whether such early findings indeed
are part of a spectrum of medullary sponge
kidney is not clear.

Occasionally similar findings are detected
with CT and MR. Ultrasonography shows
increased echogenicity if renal pyramid calci-
fications have developed.

Papillary Necrosis
The term papillary necrosis describes specific
damage to the papilla detected by imaging.
Common conditions associated with papillary
necrosis include analgesic and NSAID abuse,
diabetes mellitus, some infections, and sickle
cell anemia. The final pathway probably is
ischemia. Findings develop either acutely or on
a chronic, indolent basis.

Imaging findings tend to be rather specific
and are best seen with IV pyelography: papillary
erosions, necrosis, sloughing, and eventual
passage of necrotic debris distally, with an 

eventual residual blunted calyx (Fig. 10.33).
Calcifications develop in the papillary region.
Either a portion or the entire papilla is involved;
necrosis involves either one or several papilla; it
is either unilateral or bilateral.

Papillary necrosis should be differentiated
from medullary sponge kidney.

Radiation Nephritis
Damage occurs directly to the renal tubules 
and glomeruli and is due to radiation vas-
culitis. Some patients develop renal failure or
hypertension.

A sufficient radiation dose results in a
shrunken kidney. The renal outline becomes
irregular. Damage is limited to the radiation
port.

Amyloidosis
Both primary and secondary amyloidosis affect
the kidneys. Affected patients are prone to
developing renal vein thrombosis, and the
sudden onset of nephrotic syndrome should
suggest this diagnosis. Renal failure is common
in patients with extensive renal amyloidosis.

Benign lymph node hyperplasia (Castleman’s
disease) is associated with renal amyloidosis.
Occasionally a patient with Crohn’s disease 
and renal amyloidosis develops nephrotic 
syndrome.

Initially the kidneys enlarge, but in time 
cortical atrophy ensues and the kidneys 
shrink. Focal amyloid infiltration mimics a 
neoplasm. Occasionally scattered, amorphous
calcifications develop. At times US reveals a
prominent medulla and a hyperechoic renal
parenchyma.

Lupus Nephritis
Lupus nephritis is a manifestation of systemic
lupus erythematosus. These patients develop a
nonspecific sclerotic change and immunoglob-
ulin deposition within glomerular small arte-
rioles and capillaries. A patient with lupus
erythematosus who develops a nephrotic syn-
drome should be investigated for renal vein
thrombosis.

Renal Doppler US is useful in these patients.
A normal RI predicts a better renal outcome
regardless of creatinine level.

Figure 10.32. Renal tubular ectasia is identified as barely per-
ceptible streaks of contrast (arrows) in the papillary regions
during an IV urogram.
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Pseudoxanthoma Elasticum
Ultrasonography in pseudoxanthoma elasti-
cum reveals highly reflective foci in the renal
parenchyma. While this finding is suggestive of
pseudoxanthoma elasticum, it is not pathogno-
monic and is also found in other conditions.

Intravascular Hemolysis

Hemoglobin from intravascular hemolysis 
is bound to plasma proteins and metabolized 
by the liver. Excess unbound hemoglobin is
filtered by the kidney, some is excreted,
and some is reabsorbed by tubules and stored

in the renal cortex. Thus conditions associ-
ated with intravascular hemolysis and the
resultant renal cortical iron storage produce a
hypointense cortical signal on T2-weighted
MRI.

Dialysis-Associated 
Findings
Using typical doses of gadolinium contrasta-
gents in dialysis patients, 79% of the contrast
agent was dialyzed after the first dialysis and

Figure 10.33. Papillary necrosis. A: Excretory phase CT shows contrast collections
in papilla (arrows). Coronal maximum intensity projection (B) and multiplanar
reformatted images (C) confirm bilateral involvement. (Source: Joffe SA, Servaes
S, Okon S, Horowitz M. Multi-detector row CT urography in the evaluation of 
hematuria. RadioGraphics 2003;23(6):1441–1456, with permission from the 
Radiological Society of North America.)

A

B

C



662

ADVANCED IMAGING OF THE ABDOMEN

99.6% after the fourth (130); the authors con-
clude that being on hemodialysis is not a con-
traindication for the use of these contrast
agents.

Dialysis-Acquired Cysts
A better name for this condition is acquired
cystic disease of the kidney because the onset of
cysts begins in patients with chronic renal
failure even before dialysis is started.A common
condition in patients with end-stage renal
disease undergoing long-term hemo- or peri-
toneal dialysis, cyst prevalence increases with
duration of dialysis. Why these cysts form is not
known, but they tend to involute after renal
transplantation. Some of these cysts from 
dialysis patients are lined with cuboidal 
epithelium.

Most patients with these cysts are asympto-
matic. Pain and hematuria are mostly due to
cyst rupture and bleeding.

Imaging of these often small, distorted 
native kidneys is difficult, especially with US.
Computed tomography using IV contrast is 
feasible if the patient is on dialysis. These
patients are at increased risk of developing 
renal cell carcinoma, and any contrast enhance-
ment suggests a malignancy. Imaging detects
numerous cortical cysts in a small kidney. Intra-
cystic hemorrhage and its sequelae tend to
mimic a neoplasm. Cyst wall calcifications
develop, presumably from prior hemorrhage,
but limited urinary output makes kidney stones
uncommon.

Magnetic resonance imaging is an alternative
imaging modality. The content of some cysts is
hyperintense on T1-weighted MRI due to past
hemorrhage. No enhancement is evident
post–MR contrast, thus differentiating these
cysts from neoplasms.

Eventually the imaging appearance appro-
aches that seen with autosomal-dominant poly-
cystic disease, but unlike polycystic disease
these patients do not develop cysts in other
organs.

Malignancies
Long-term dialysis is associated with several
benign and malignant renal neoplasms,

occasionally developing even in children.
Some malignant-appearing tumors histologi-
cally exhibit growth patterns suggesting a
benign tumor, including renal cell carcinomas
and urothelial carcinomas. Some surveys
suggest that especially young patients under-
going prolonged dialysis who develop renal
cysts are prone to renal cell carcinomas and 
they should undergo regular screening by
imaging.

Early postcontrast helical CT achieved a 96%
sensitivity and 95% specificity in detecting a
carcinoma in chronic hemodialysis patients,
while delayed images had an 83% sensitivity
and 94% specificity (131); early postcontrast
images revealed significant enhancement differ-
ences between carcinoma and adjacent renal
parenchyma, a finding not seen on delayed
images.

Other Findings
Urinary stones are uncommon in native 
kidneys in these patients, presumably due to
their decreased urine production, but renal
calcifications are common.

On rare occasions emphysematous pyelon-
ephritis develops in a nonfunctioning renal
allograft of a diabetic patient.

Mesenteric ischemia appears to be more
common than expected in patients with end-
stage renal disease.

Pyeloureteritis Cystica
Of unknown etiology but probably due to
degeneration, pyeloureteritis cystica consists of
numerous fluid-filled cysts in the collecting
system or ureter wall. Associated chronic infec-
tion is common. It is not premalignant. The con-
dition is generally detected incidentally.

Imaging shows multiple small, uniform size,
and round soft-tissue tumors in a ureter or renal
pelvis (Fig. 10.34). Occasionally malacoplakia is
in the differential diagnosis, but tumors in the
latter condition tend to be more irregular in
outline and the involved ureter somewhat
dilated—findings not seen in pyeloureteritis
cystica. Ureteral varices tend to be more serpig-
inous in appearance.
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Perinephric Conditions
Thickening
The right anterior extrarenal space extends
from the perirenal fascia to the liver capsule.
Conditions that widen this space and are hyper-
echoic include acute inflammatory conditions
such as pancreatitis, appendicitis, acute cholan-
gitis, adjacent abscess, ischemic bowel disease,
and even a penetrating ulcer. An increased
width with normal echogenicity is seen with
chronic inflammation, peritoneal metastases,
previous surgery, and steroid therapy. Left
perirenal fat necrosis develops with severe pan-
creatitis; CT and MR reveal a fat-containing
infiltrate mimicking a retroperitoneal tumor,
but associated pancreatic findings should
suggest the correct diagnosis.

Urinomas and lymphoceles are discussed in
Chapter 14.

Hematoma
Spontaneous nontraumatic subcapsular or
perirenal hemorrhage, also called Wunderlich
syndrome, is not common. Clinically, an under-
lying neoplasm or bleeding diathesis needs to
be excluded, although occasionally polycystic
kidneys, a vasculitis, glomerulonephritis, or
pyelonephritis is responsible.

Computed tomography or angiography
should suggest an etiology for most of these
hematomas. Acute hemorrhage may hide an
underlying neoplasm, and some of these pa-
tients require exploration or follow-up study
after the hematoma resolves.

Abscess
Most perinephric abscesses are associated 
with renal or adjacent organ infection. Some
abscesses are confined by Gerota’s fascia, while
others extend into the adjacent retroperitoneal
structures.

Most of these abscesses are readily detected
with imaging. An occasional perinephric
abscess mimics a neoplasm.

Ultrasonography of a perinephric abscess
often reveals a complex fluid collection. These
abscesses can be successfully drained during
laparoscopy, although many are drained 
percutaneously.

Tumors
Similarly to infection, tumors spread readily in
the perirenal space. Most primary tumors are of
mesenchymal origin. Lymphoma either involves
this space diffusely, with little displacement of
adjacent structures, or develops in a nodular
pattern. A similar diffuse involvement is also
occasionally found with metastatic melanoma.
Differentiation from an adrenal tumor can be
difficult.

A diagnosis of perirenal lymphoma is not
always straightforward; at times even a needle
biopsy is not diagnostic.

Vascular Disorders
Arteriovenous malformations and heman-
giomas were discussed earlier (see Vascular
Tumors).

Figure 10.34. Ureteritis cystica.
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Ischemia

One result of renal ischemia is renovascular
hypertension (discussed in Chapter 17), but in
some patients ischemia manifests primarily as
renal failure (also called ischemic nephropathy).
Also, renal artery stenosis is but one etiology of
renal ischemia, with other etiologies being
vessel compression by extrinsic tumors,
artery thrombosis, emboli, vasculitides, and
venous occlusions. Major renal vein obstruction
eventually leads to the ischemia–renal failure
cycle but not to hypertension. In addition,
renal vein obstruction has different imaging
manifestations.

Renal ischemia is incompletely understood.
Normal kidneys receive more blood than neces-
sary for functioning and tolerate considerable
underperfusion as long as systolic blood pres-
sure is above 70 or 80 mm Hg or so. Ischemia is
less common in a setting of fibromuscular dys-
plasia than with atherosclerotic disease.

A sufficient decrease in renal blood supply,
regardless of etiology, will evolve into renal
infarction. Acute infarction has developed in
Behçet’s disease, primary renal artery dissection
or thrombosis, cocaine abuse, and a subcapsular
hematoma secondary to metastasis to the
kidney,and has even been idiopathic. In a setting
of renal artery stenosis, acute renal failure has
developed after some medications, including
diuretics and other antihypertensive drugs.

Clinically, acute nontraumatic renal artery
thrombosis and resultant ischemia typically
manifest by sudden onset of flank pain. On a
more chronic basis decreased arterial flow is less
symptomatic, and some of these patients simply
develop a small, nonfunctioning kidney.

The onset of flank pain due to acute renal
ischemia/infarction mimics that of renal colic.
Among 300 patients admitted with renal colic,
renal parenchymal infarction was eventually
diagnosed in three patients (132).

Intravenous urography of acute renal artery
obstruction reveals a nonfunctioning but
normal-sized kidney. Ultrasonography also
shows a normal kidney. No major renal blood
flow is identified with Doppler US. In such a
clinical setting postcontrast helical CT or
angiography simply confirms the diagnosis.

Computed tomography performed without
contrast in a search for calculi will miss renal
arterial ischemia. Thus in such a clinical sce-

nario, if nonenhanced CT does not reveal an
abnormality to explain the patient’s clinical
findings, a postcontrast CT is indicated to eval-
uate for a possible renal infarct.

Postcontrast CT of a total infarct shows a
hypodense, nonfunctioning kidney. Prominent
capsular collaterals, called the cortical rim 
sign, often lead to surrounding vascular
enhancement. A focal infarction appears as a
wedge-shaped region of decreased or absent
contrast enhancement with sharply defined
margins, most often extending to the capsule.
Ultrasonography reveals a wedge-shaped
hypoechoic region. Eventually the involved
parenchyma atrophies, a scar forms, and an
irregular renal outline remains as evidence of
prior infarction.

Early intraarterial fibrinolysis therapy is indi-
cated if recovery is anticipated. Renal ischemic
due to renal artery stenosis is treatable by
angioplasty (discussed in Chapter 17).

Nephrosclerosis
Arteriolar spasm, endothelial spasm, muscle
hypertrophy, and eventual fibrosis develop 
in hypertension-induced nephrosclerosis. The
final pathway is renal ischemia. Proteinuria is
common. If untreated, renal failure ensues. The
kidneys gradually shrink and cortical thinning
becomes evident. Calyces are not affected.

Immunosuppression/Acquired
Immunodeficiency Syndrome
General
Renal abnormalities are common in HIV-
infected patients. Ultrasoaography findings
cousist of enlarged kidneys, decreased corti-
comedullary definition, decreased renal sinus
fat, and a heterogeneous parenchyma, some
with hyperechoic striations (133). In general,
increased renal insufficiency in AIDS patients is
associated with pelvocalyceal thickening and a
hyperechoic appearance.

Cerebral toxoplasmosis in AIDS patients is
treated with sulfadiazine, which is associated
with acute renal failure due to sulfadiazine-
induced crystalluria. Ultrasonography findings
consist of hyperechoic foci in renal parenchyma
and hyperechoic debris in collecting systems.
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Stones and hydronephrosis also develop in these
patients.

The HIV-infected patients on indinavir
sulfate therapy, a protease inhibitor used to treat
HIV infection, develop ureteral obstruction due
to nonopaque indinavir crystals.

An occasional AIDS patient develops a spon-
taneous perinephric hematoma.

Infection
Similar to other sites, renal infection with 
Pneumocystis carinii, aspergillus abscess, cyto-
megalovirus, and other unusual organisms
develop in these patients. Some of these infec-
tions eventually evolve into multiple, punctate
parenchymal calcifications. Focal mucormyco-
sis mimics a renal neoplasm.

Tumor
Simple renal cysts are considerably more 
prevalent in children with AIDS that in normal
children.

Renal involvement with lymphoma is
common in AIDS. Even rarer lymphomas
develop, such as a non-Hodgkin’s angiocentric
renal lymphoma, which shows a propensity to
invade and destroy small vessels.

Renal leiomyosarcomas develop in HIV-
infected patients, including children.

Postoperative Changes
Kidney Transplantation
An uncommon indication for renal transplanta-
tion is bilateral, and synchronous renal cell
cancers requiring bilateral nephrectomies.
These patients undergo bilateral nephrec-
tomies, a waiting period of several years on 
dialysis follows, and then they undergo renal
transplantation. Such an approach is undoubt-
edly uncommon; most patients with early and
low-grade renal cell carcinomas undergo partial
nephrectomies.

An occasional patient receives both a kidney
and a pancreas transplant; the consequences of
the transplanted pancreas, with its exocrine
secretions draining into the bladder, are dis-
cussed in Chapter 9. For a number of indications

rare patients have also received both kidney and
bone marrow transplantation; these dual trans-
plants are not discussed in this book.

Pretransplant Donor Evaluation

Preoperative donor kidney evaluation is perfor-
med to detect accessory renal arteries and other
anomalies. In a setting of multiple renal arteries,
donor renal artery reconstruction rather than
ligation preserves renal mass. Although gener-
ally not affecting gross renal function, ligation of
accessory renal arteries tends to be associated
with focal renal infarction.

Horseshoe kidneys are used for transplanta-
tion. When possible, a horseshoe kidney is
divided at the isthmus and the halves are trans-
planted into two recipients. Part of a living
donor horseshoe kidney can be used.

Traditionally, renal vasculature was evaluated
with angiography, a role partially supplanted by
CT and now by MRA. Intraarterial DSA achieves
over 95% sensitivity and specificity in detecting
accessory renal arteries in kidney donors.
Other abnormalities detected by arteriography
include fibromuscular dysplasia and atheroscle-
rosis, findings often affecting planned surgery.

Preoperative CT and MRA in living renal
donors detect essentially the same number of
renal arteries, with disagreement primarily
among several-millimeter-diameter accessory
vessels (134). Multislice helical CT with trans-
verse, coronal, and 3D reconstructions detects
most accessory arteries and early branching and
defines other relevant anatomy, but these are
rather technically complex studies requiring
close attention to detail.

Gadolinium enhanced MRA correctly
identifies the arterial supply to native kidneys
(including accessory renal arteries), most prox-
imal arterial branches and some anomalous
draining renal veins (135,136). Addition of MIP,
volume rendering and SSD algorithms may
improve image presentation, but they do not
improve accuracy. MRA can also evaluate renal
size and fetal lobulations without the potential
angiography complications. Reported sensitivi-
ties of detecting accessory renal arteries range
from 75% to 100%, with the latter being rather
optimistic. Also the ability of MRA to detect
fibromuscular dysplasia is not established.

Reported Doppler US sensitivities in detect-
ing accessory renal arteries range up to 100%,
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but these studies are plagued by low
specificities.

MR urography can potentially detect urinary
collecting system abnormalities in living renal
donors. Whether the technique is sufficiently
accurate in actual practice to detect ureteric
duplications and other relevant anomalies is not
clear.

Transplantation

Whether a voiding cystourethrogram is per-
formed in transplant recipients prior to renal
transplantation varies between institutions.
Some believe this study adds little value.

Some children requiring renal transplanta-
tion also have bladder dysfunction, such as pos-
terior urethral valves, a neurogenic bladder,
or vesicoureteral reflux, and augmentation
cystoplasty is added either before or after 
transplantation.

With the exception of small children, the
transplanted kidney is nearly always placed in
the iliac fossa, extraperitoneal in location. Here
the kidney is close to major vessels and bladder
and is supported by surrounding structures. A
side-to-end arterial anastomosis goes to the
external iliac artery and an end-to-side venous
anastomosis goes to the external iliac vein. The
left iliac fossa is used if a second transplantation
is necessary; third transplantations are high in
the right iliac fossa.

Renal transplantation is feasible in patients
infected with Schistosoma haematobium. Pre-
transplant antischistosomal chemotherapy con-
trols posttransplant schistosomal infection; the
increased risk for bladder cancer in these
patients justifies close follow-up.

Posttransplant Evaluation

Clinical

Rough data from several sources suggest that
first-year posttransplant mortality is about 4%,
mostly due to infection; transplanted kidney
loss ranges from 5% to 10%, mostly due to rejec-
tion, with a subsequent graft loss of about 5%
per year. The half-life of transplanted kidneys
varies widely, depending on donor compatibil-
ity and whether a living donor kidney or a
cadaver kidney is used.

The most common direct surgical complica-
tion is ureteral obstruction.Other complications

include ureteral or bladder fistulas, bladder
outflow obstruction, ureteral stones, and lym-
phoceles. Transplantation complications can be
divided into early and late. Early ones include
rejection, urine leaks, and obstruction. The
major late complication is renal artery stenosis.

Posttransplant drug therapy can result in
hypersplenism and portal hypertension;
these patients present with splenomegaly and
thrombocytopenia.

Imaging

Because most transplanted kidneys are located
rather superficially, gray-scale US can be per-
formed with a higher resolution transducer
than usual. As a result, better anatomic detail is
achieved than is possible with a native kidney.

Regions of decreased color on color Doppler
US scans in a transplanted kidney appear to be
related to focal perfusion abnormalities. Such
focal hypoperfusion regions include infections,
arteriovenous fistulas, a kinked artery, and
severed accessory arteries.

A color Doppler US finding of a significant
decrease in interlobar artery blood flow, but
with no flow changes in segmental arteries,
suggests acute rejection. Decreased interlobar
artery blood flow is also found in renal artery
stenosis and interstitial edema.

One subset of patients consists of those with
an oligoanuric allograft suspected to be due to
either severe rejection or renal artery or vein
thrombosis. Both Tc-99m-DTPA scintigraphy
and color Duplex US can differentiate minimal
and not perfused renal allografts.

Contrast-enhanced MRI can differentiate
between graft kidneys with normal function,
mild dysfunction, and severe dysfunction. Mag-
netic resonance imaging in transplant patients
with normal renal function typically shows an
expected postcontrast increase in signal inten-
sity of the renal cortex and medulla, followed by
a signal intensity decrease in the medulla.
Patients with acute allograft rejection have less
postcontrast increase in cortical signal intensity
than those with normal allografts. Magnetic res-
onance imaging cannot, however, differentiate
between normal, acute rejection and acute
tubular necrosis, but MRA can evaluate renal
artery anatomy (Fig. 10.35).

Scintigraphy evaluates function in a trans-
planted kidney. A Tc-99m-MAG3 renogram
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appears useful in determining renal transplant
prognosis during the postoperative period.
Initial tracer uptake is decreased or absent 
with transplant dysfunctions such as acute
tubular necrosis, acute rejection, and an
obstruction than in normally functioning ones.
A focal photopenic defect in a renal transplant
suggests tubular injury. Similarly, Tc-99m-
MAG3 transit time is prolonged in obstructive
kidneys.

Postural drainage stasis occasionally devel-
ops in a transplanted kidney. Postural stasis can
be evaluated by varying the patient position
during Tc-99m-MAG3 imaging.

Carbon dioxide angiography is feasible in a
transplanted kidney. Major stenoses, arteriove-
nous shunting, and diffuse arterial disease can
be evaluated (137), although insufficient data
preclude establishing a specific role to this
modality.

Figure 10.35. A,B: Volume-rendered MRI of normal renal trans-
plant arteries. C: Thresholding eliminates renal parenchyma and
highlights arteries. (Source: Hohenwalter MD, Skowlund CJ,
Erickson SJ, et al. Renal transplant evaluation with mr angiogra-
phy and mr imaging. RadioGraphics 2001;21:1505–1517, with
permission from the Radiological Society of North America.)
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Rejection

Differentiation between acute tubular necrosis
and acute rejection is of obvious importance,
but imaging provides only limited assistance,
and a biopsy is generally necessary to evaluate
graft dysfunction and distinguish between these
two. Biopsy complication rates are low, although
bleeding, pseudoaneurysm formation, or an
arteriovenous fistula do form if an adjacent
artery or vein is injured.

Acute tubular necrosis is due to transplanta-
tion-associated ischemia and occurs within a
day or so. Acute rejection occurs from the 
time of surgery to several months after trans-
plantation. Rejection leads to renal swelling, a
finding seen with other complications. Viral
infections are often in the differential diagnosis;
some, such as Epstein-Barr viral infections, are
associated with lymphoproliferative disorders
and are detected with a polymerase chain 
reaction.

Doppler US appears helpful in monitor-
ing rejection. The pulsatility index, which is
dependent on flow resistance, increases with
rejection and in some hands when combined
with peak arterial systolic velocity and acceler-
ation index achieves a high sensitivity and
specificity in differentiating a normally func-
tioning transplant from a hypofunctioning one.
Others, however, find that Doppler US cortical
vascularity data do not correlate with rejection,
and even severe transplant rejection can be
associated with normal vascularity (138). In
children with chronic rejection, power Doppler
US using a high-frequency and high-resolution
transducer (13 MHz) found irregular and
narrow interlobular vessels, in distinction to
children with chronic rejection who have a pal-
isade-like appearance (139); the authors ascribe
their results to use of a high-frequency trans-
ducer, which was possible because of decreased
tissue thickness in children.

Postcontrast MRI holds promise in differen-
tiating transplant rejection from acute tubular
necrosis. Magnetic resonance signal intensity
data after contrast injection shows that in
patients with transplant rejection the time to
peak intensity in the renal cortex and medulla
are longer than in patients with normal grafts;
in patients with acute tubular necrosis, on the
other hand, renal cortex and medulla times are
similar to normal.

Using surface coils, adiabatic excitation
pulses and in vivo phosphorus MR spec-
troscopy, phosphorus-31 MR spectroscopy
appears to have a role in detecting and possibly
differentiating rejection and acute tubular
necrosis. Patients with rejected kidneys have a
higher inorganic phosphate-to–a-adenosine
triphosphate ratio than controls and a reduced
pH (140). Rejection and tubular necrosis could
be differentiated from each other by pH. These
findings need to be placed in a larger clinical
perspective.

Scintigraphy in acute rejection reveals
decreased perfusion, a finding also seen in other
complications. An initial study shortly after the
transplant is useful in establishing a baseline.

Xenon-CT is used to study cerebral per-
fusion; it can also measure regional blood flow
in a transplanted kidney. Although differences
in perfusion exist between normal kidney
medulla and cortex, these perfusion differences
are less evident in patients with chronic 
rejection.

Vascular Complications

Arterial Stenosis

Posttransplantation hypertension is common.
In about one third or so of these hypertensive
patients their hypertension is related to renal
artery stenosis. The prevalence of renal artery
stenosis is more common in cadaveric donor
kidneys compared to living donor kidneys. This
stenosis-associated hypertension can be treated
medically, by angioplasty, or by surgical revas-
cularization.

Stenoses occur at the anastomosis, distal to
the anastomosis (donor artery), or, least
common, proximal to the anastomosis in the
recipient’s artery (Fig. 10.36). Stenosis may be
related to surgery or may be part of rejection. It
can recur after angioplasty.

Acceleration time, obtained with Doppler US,
is prolonged with a significant proximal arterial
stenosis, although the clinical accuracy in
detecting arterial stenosis varies depending on
the assumed threshold. Another measure is
transplant artery peak systolic velocity, but here
also results have been inconsistent. Peak systolic
velocity varies considerably even without a
stenosis, although use of the iliac artery as a
standard is helpful.
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Magnetic resonance indications in suspected
renal artery stenosis continue to increase 
and gadolinium-enhanced MRA is assuming a
major role in detecting transplanted renal
artery stenosis, in some studies achieving sensi-
tivities of >85% and specificities approaching
100% and in some patients even being superior
to DSA. Depending on the sequences adopted
and the type of reconstruction, transplant
artery stenoses, renal vein thromboses, extrin-
sic compression, and perfusion deficits are
identified with varying degrees of accuracy (Fig.
10.37). The relative roles for color Doppler US
and MRA are not settled, but MRA appears to
slightly overestimate renal artery stenosis while
color Doppler US is more prone toward false-
positive results.

Posttransplant renal artery stenosis is
amenable to percutaneous transluminal angio-
plasty, and in a number of institutions angio-
plasty is the procedure of choice for this
complication. In experienced hands complica-
tion rates are low. Surgical revascularization 
is indicated if angioplasty is unsuccessful,
although a restenosis after angioplasty can be
treated with an endoluminal stent placed across
the site of restenosis.

Arterial Thrombosis

The etiologies of renal artery throm-
bosis occurring shortly after transplantation 
include hypotension, renal artery stenosis,
graft rejection with extensive arteriolar 
occlusions, and retrograde renal artery throm-
bosis, or it may be related to the surgical 
procedure.

Neither arterial nor venous flow is de-
tected with Doppler US distal to a complete
occlusion.

Vein Occlusion

The consequences of renal vein thrombosis are
similar to those of renal artery thrombosis
because the transplanted kidney has no addi-
tional collateral veins.

In the absence of proximal renal artery steno-
sis, Doppler US findings suggestive of partial
venous occlusion after transplantation include
the presence of small amplitude arterial wave-
forms but with diastolic flow still present; with
complete renal vein obstruction no venous flow
is evident and diastolic flow in the renal artery
is reversed.

Figure 10.36. Renal artery stenosis in a transplanted kidney. A: Initial arteriogram reveals a tight stricture (arrow). B: Lumen is patent
after dilation. (Courtesy of Oscar Gutierrez, M.D., University of Chile, Santiago, Chile.)
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Vascular Fistula

The gold standard in detecting vascular fistulas
is arteriography. Doppler US detects only some
of these fistulas and early-phase contrast CT
should be considered in a setting of normal
Doppler US but clinical suspicion of a fistula.
These fistulas are successfully occluded with
transcatheter embolization; nevertheless, the
complication rate is high even after successful
embolization and includes renal artery occlu-
sion and major hemorrhage necessitating a
nephrectomy.

Ureter Complications

Renal pelvic and ureteral complications develop
in roughly 10% to 15% of patients undergoing
renal transplantation and include obstruction,
necrosis, and urinary fistula. They are more
common in a setting of multiple donor kidney
renal arteries. Urinary obstruction occurs
roughly equally in living-related donors and
cadaveric donors, but leakage is more common
in living donors. Ureter complications are
managed with a percutaneous nephrostomy,
transurethral bladder drainage, or drainage of
fluid collections.

Figure 10.37. Fibromuscular dysplasia 4 years after renal trans-
plant. A,B: Volume-rendered MRI reveal an irregular, beaded
appearance to the renal artery. C: CO2 angiography also reveals
similar changes. (Source: Hohenwalter MD, Skowlund CJ, Erickson
SJ, et al. Renal transplant evaluation with MR angiography and MR
imaging. RadioGraphics 2001;21:1505–1517, with permission
from the Radiological Society of North America.)
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Magnetic resonance imaging appears to 
have a role in evaluating posttransplant ureter
complications. Similar to the bile ducts, MR
images mimicking conventional urography are
feasible. In patients with suspected urologic
abnormalities, MR urography identifies dilated
renal pelves and detects ureteral leaks and
obstructions.

Ureteral obstruction develops secondary to
postoperative edema, anastomotic stricture,
kinking or compression by an extrinsic
urinoma, hematoma, or lymphocele (Fig. 10.38).
The ureteroneocystostomy is the most common
site of obstructions. A ureter can be trapped in
an obturator hernia. Because of denervation,
posttransplant patients manifest obstruction
simply by worsening renal function. With a
stenosis, US or scintigraphy should detect any
underlying hydronephrosis, but keep in mind
that dilation is not always secondary to an
obstruction.

Posttransplant ureteral obstructions are
treated with ureteral balloon dilation and 
antegrade placement of nephroureteral stents;
about two thirds of those with early obstruction
are treated successfully, but the success rate
decreases in those with late obstruction.
Obstruction can also be relieved with a per-
cutaneous nephrostomy. Only a minority of
patients eventually require open surgery.
In general, the survival of a renal graft in

patients who develop ureteral stenoses or
fistulas is shorter than in those without these
complications.

Most urinary extravasations occur at the
ureteral anastomosis and result in a urinoma
(Figs. 10.39 and 10.40). Some leaks are second-
ary to ureteral necrosis, presumably ischemic in
origin, and are difficult to treat.

Ultrasonography detects most urinomas.
Scintigraphy during the acute time period
shows radiotracer activity in the urinoma.

A posttransplant leak is approached with a
percutaneous nephrostomy and antegrade
placement of a nephroureteral stent; leaks that
do not heal require surgical repair.

Ureteral complications requiring reconstruc-
tion range from complete ureteral necrosis to
long or multiple ureteral strictures. Most often
with ureteral necrosis a part of the bladder is
used as a substitute, although an artificial ureter
has also been successfully employed.

Fluid Collections

Postoperative fluid collections are common 
and range from hematoma, seroma, urin-
oma, and lymphocele, to an abscess. Most 
small hematomas and lymphoceles resolve
spontaneously.

Many of these fluid collections have a similar
gray-scale US appearance, and fluid aspiration

Figure 10.38. Percutaneous nephrostogram of a transplanted kidney with an obstructed ureter. A: A proximal leak is evident (arrow)
in a more distally obstructed ureter. B: A catheter has been advanced through the obstruction. (Courtesy of David Waldman, M.D.,
University of Rochester.)

A B
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Figure 10.39. Urinoma after renal transplant. Three excretory
phase CT images through the kidney (A), slightly inferior (B),
and even more inferior (C) reveal contrast extravasation (arrow).
(Courtesy of Nancy Curry, M.D., Medical University of South 
Carolina.)
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Figure 10.40. Urine leak after renal transplantation 1 week earlier. A: CT shows a fluid collection medial to the ureteropelvic junc-
tion (arrow). B: Dynamic renal scintigraphy using Tc-99m-DMSA identifies progressive tracer accumulation in this region (arrows).
(Source: Titton R, Gervais DA, Hahn PF, Harisinghani MG, Arellano RS, Mueller PR. Urine leaks and urinomas: diagnosis and imaging-
guided intervention. RadioGraphics 2003;23:1133–1147, with permission from the Radiological Society of North America.)
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is necessary to differentiate between them. A
hematoma initially is hyperechoic, but gradually
becomes hypoechoic and eventually anechoic.

A seroma, urinoma, and lymphocele are all
hypointense on T1- and hyperintense on T2-
weighted MRI. Significant urinomas usually
require reoperation.

Lymphoceles develop from the disruption 
of pelvic lymphatics. They tend to become 
multiseptated. Therapy of these posttransplant 
lymphoceles includes open or laparoscopic
marsupialization, percutaneous drainage, and
percutaneous injection of a sclerotic agent.
External drainage has a high failure rate, but
percutaneous sclerotherapy using a povidone-
iodine agent is a simple technique and has had
considerable application; recurrent lymphoce-
les can be retreated percutaneously. Laparo-
scopic marsupialization with internal drainage
is feasible, and effective therapy for posttrans-
plant lymphoceles but is more invasive. Intra-
operative US guidance is often helpful.

Stones

The frequency of urinary calculi in a trans-
planted kidney ranges up to 3%, a prevalence
greater than in the general population. About
half of these stones are composed of urate. Not
all filling defects are stones. Blood clots, fungus
balls, or sloughed papillae are also encountered.

Lymphoproliferative Disorder/Neoplasms

Renal transplant patients are immuno-
suppressed and, not surprisingly, are at an
increased risk of developing neoplasms.
Epstein-Barr virus infection is believed to be
responsible for most of this increased risk. To
put this issue in perspective, approximately 1%
of renal transplant patients develop a lympho-
proliferative disorder, considerably more than
the general population. A retrospective Italian
study found 15 cancers in 11 posttransplant
patients, including skin cancers, Kaposi’s sarco-
mas, renal carcinomas, transitional cell carci-
noma, and even colon cancer (141); the mean
time of immunosuppression until tumor detec-
tion was 45 months, and, surprisingly, no lym-
phomas or female genital tract cancers were
found.

Over the years, the sites of lymphoproli-
ferative disorder involvement in renal trans-

plant patients have changed considerably;
central nervous system involvement predomi-
nated initially, during the cyclosporine era 
thoracic and abdominal sites were more
common, while isolated involvement of the
transplanted kidney is now more evident. Cur-
rently lymphoproliferative disorders most often
present as solitary or multiple tumors, often
limited either to the allograft or allograft hilum
(142); most are extranodal in location. Newer
immunosuppression agents are evolving, and
the type of neoplasms encountered in different
studies reflects, in part, the immunosuppressive
approach used.

Lymphoproliferation ranges from a non-
specific mild adenopathy to malignant lym-
phoma. B-cell non-Hodgkin’s lymphoma is
most common, but other lymphomas are also
encountered. In general, these lymphomas tend
to be more aggressive than their counterparts in
nonimmunosuppressed individuals.

Transplant patients develop renal cell carci-
nomas in the native kidneys and in the renal
allograft and ovarian carcinomas. No signifi-
cant relationship exists between the prevalence
of renal cell carcinoma and the presence of
acquired cystic kidney disease, patient age, type
and duration of dialysis, or drugs used. Screen-
ing of the native kidneys appears reasonable in
patients undergoing US of a renal allograft.

Those Australian and New Zealand Dialysis
and Transplant Registry patients who had 
renal transplantation as a result of analgesic
nephropathy were found to be at an increased
risk of developing posttransplant transitional
cell carcinomas of the upper urinary tracts com-
pared to patients undergoing transplantation
for other causes of renal failure (143); their
tumors tend to be of a higher grade and stage,
and they have a worse outcome than do other
transplant patients. Screening with urinalysis
and voided urine cytology does not appear to 
be reliable in detecting upper renal tract 
malignancies. Annual cystoscopy and retro-
grade ureteral catheterization with washings,
brushings, and radiologic imaging were advo-
cated in these patients. The patients should also
be screened before transplantation.

Both bladder nephrogenic metaplasia and
nephrogenic adenomas develop in these
patients; these benign tumors, considered to be
without malignant potential, have a relatively
high relapse rate. Their long-term course in
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these immunosuppressed patients is not 
clear.

The prevalence of cutaneous squamous cell
carcinoma, basal cell carcinoma, cutaneous
malignant fibrous histiocytoma, atypical fibrox-
anthoma, and Kaposi’s sarcoma is increased
considerably over a control population. Among
other tumors, basal cell epithelioma of the scalp,
gastric adenocarcinoma, central nervous system
lymphoma, breast carcinoma, and adenocarci-
noma of the colon have been reported.

An annual abdominal US appears to have a
role in detecting some neoplasms in asympto-
matic renal allograft recipients. One should
keep in mind, however, that US does not detect
smaller tumors. Some evidence suggests that
MR is superior in detecting lymphoproliferative
disorders. Lymphomas appear as soft tissue
tumors isodense to soft tissue on CT and hypo-
dense postcontrast, iso- or hypoechoic with US,
and hypo- to isointense on T1- and hypointense
on T2-weighted MRI and show minimal con-
trast enhancement. They are located in either
renal parenchyma or renal hilum; at the 
latter location encasement of hilar vessels 
or excretory tract compression and obstruc-
tion is common. In the absence of therapy,
calcifications suggest necrosis.

Infection

Bacterial allograft pyelonephritis leads to acute
renal failure. Some patients also have superim-
posed acute rejection. Viral infections, such as
with cytomegalovirus, are also associated with
rejection. Therefore, in these patients both
imaging and graft biopsy are necessary. A rela-
tionship between urinary tract infection and
chronic rejection has been raised.

Especially in children, vesicoureteral reflux is
a risk factor for pyelonephritis and graft dys-
function. Comparing voiding cystourethrogra-
phy and contrast enhanced voiding US in adults
with transplanted kidneys and suspected of
reflux, US sensitivity and specificity for detect-
ing reflux were 93% and 95%, respectively (144);
agreement between the two studies was 95%.An
antireflux reimplantation procedure is helpful
in some of these children.

Tuberculous nephropathy is uncommon in
renal transplant patients, even if they have 
had chest tuberculosis preoperatively (145).

Some of these patients develop acute rejection
and undergo steroid therapy. Also, a normal
graft function does not exclude tuberculous
infection.

Failed Transplant

Failed renal allografts are usually left in situ and
the patient then undergoes either dialysis or
retransplantation. Most of these failed kidneys
are asymptomatic and gradually shrink in size,
and a number eventually calcify. Some develop
fatty infiltration and become hydronephrotic,
findings detectable with imaging.Acute enlarge-
ment of a failed transplant should suggest an
infarct and hemorrhage.

Other Complications

Torsion of an intraperitoneal renal transplant
should be suspected if abnormal perfusion is
associated with a change in renal axis.

Occasionally acute tubular necrosis develops
in a newly transplanted allograft kidney follow-
ing unrelated surgery; Tc-99m-MAG3 scintigra-
phy detects focal acute tubular necrosis.

Not all pain in these patients is related to a
transplant; right lower quadrant pain in renal
transplant patients can be secondary to acute
appendicitis and related conditions.

Post–Bone Marrow Transplant
Acute renal failure developed in roughly 25% of
bone marrow transplant patients, most often
occurring during the first month after trans-
plantation. This complication occurs primarily
in allogenic bone marrow transplantation. The
etiologies for such failure tend to be multifacto-
rial and include nephrotoxicity, liver veno-
occlusive disease, and others.

Nephrectomy
An arteriovenous fistula of the renal pedicle is 
a rare complication of nephrectomy, at times
developing years after a nephrectomy. Turbulent
blood flow in the fistula often results in a bruit.
With time, the artery feeding a fistula and drain-
ing vein dilate and collateral vessels develop.
Doppler US should detect these fistulas.
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Conduits
An ileal conduit is formed after a cystectomy. A
not uncommon complication is an ureteroileal
stricture. These strictures are amenable to dila-
tion with a balloon catheter, followed by stent-
ing with a double-J stent, with good results.
Stents can be inserted through urinary diver-
sion stomas.

Major ureteroileal reflux of a Kock pouch is
an occasional complication, and these patients
undergo an antireflux ureteroileal implantation.
Follow-up of these patients is with a retrograde
study to detect any reflux.

An adenocarcinoma within an ileal conduit 
is a recognized but rare complication years 
later.

If necessary, a ureteral defect is replaced by 
an interposed ileal loop (ureteroileoplasty), thus
preserving ureter continuity. Several studies
suggest that such ileal interposition is a safe and
effective procedure.

Some of the complications encountered 
after ureterosigmoidostomy are pyelonephritis,
hyperchloremic metabolic acidosis, inconti-
nence, and a late development of anastomotic
colon carcinoma.

A patient with a ureterocutaneostomy devel-
oped a squamous cell carcinoma at the stomal
site; presumably chronic infection and irritation
of the indwelling catheter were factors in carci-
noma formation.

Examination and Surgical
Complications
Biopsy
Needle tract seeding after percutaneous biopsy
occurs with numerous neoplasms, including
even a Wilms’ tumor, and some investigators do
not perform pretreatment needle biopsies of
renal tumors in children for fear of needle tract
tumor seeding.

More hemorrhage, arteriovenous and arteri-
ocaliceal fistulas, and other complications are
encountered when renal biopsy is performed
with a 14-gauge needle rather than when an 18-
gauge needle is used. Also, percutaneous renal
biopsy can lead to a subcapsular hematoma and
hypertension.

An arteriovenous fistula is probably more
common than suspected after a renal biopsy.
Fistulas also develop secondary to renal surgery.
Some fistulas manifest with hematuria (Fig.
10.41), but many patients are asymptomatic. A
rare fistula leads to renal ischemia or even
hypertension. Some are associated with a
pseudoaneurysm.

Color Doppler US readily detects these
fistulas and is useful in follow-up. Eventually,
most fistulas tend to resolve. If needed, a fistula
is treated by superselective angiographic
embolization, including transcatheter coil
occlusion. Usually such embolization results in
limited renal parenchymal loss. Postocclusion
hypertension is uncommon.

Catheter and Stent Related
Minor complications of ureteral catheters and
stents include hematuria, dysuria, frequency,
and flank and suprapubic pain. Major compli-
cations encountered are initial catheter malpo-
sition, obstruction, stent migration or fracture,
necrosis, erosion into adjacent structures,
and ureterovascular fistula. Some stents break
spontaneously; others are associated with stone
formation. A broken stent usually can be
removed either by ureteroscopy or by using a
percutaneous approach. An uncommon compli-
cation is a knot forming in a ureteral catheter. A
stiff guidewire advanced through the catheter
lumen aids in untying such a knot. Rarer com-
plications include a pelvic abscess and even
septic hip arthritis. Blood clots and debris can
obstruct the lumen, although flow is often both
inside and around a stent. The risk of obstruc-
tion is decreased by using a large-bore catheter.
Being foreign bodies, they lead to urinary 
infection and encrustation (Fig. 10.42). Encrus-
tation is minimized by high fluid intake, treat-
ing infections vigorously, and routine catheter
exchange. Both proximal and distal J-loops 
minimize but do not prevent stent migration
either proximally or distally. Because stents are
radiopaque, their position is generally verified
with conventional radiography. Computed
tomography establishes catheter patency indi-
rectly by revealing an interval decrease in
hydronephrosis. If necessary, a voiding cys-
togram establishes patency because most
catheters will reflux. Other tests of catheter



676

ADVANCED IMAGING OF THE ABDOMEN

Figure 10.41. Hematuria after renal biopsy led to an arteriogram. Early (A) and late (B) arterial phase renal arteriograms reveal con-
trast extravasation (arrow). Early venous filling was evident on other films. He underwent successful Gelfoam and Ivalon emboliza-
tion. (Courtesy of Oscar Gutierrez, M.D., University of Chile, Santiago, Chile.)
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Figure 10.42. Ureteral stent encrustation. A: A conventional radiograph shows a right ureteral stent with radiopaque encrustation
both proximally and distally. B: A urogram reveals ureteropelvic obstruction due to the proximal encrustation. Several cystoscopic
attempts were necessary to treat the vesical encrustations. Renal encrustations were treat percutaneously and eventually the stent
was successfully removed. (Source: Dyer RB, Chen MY, Zagoria RJ, Regan JD, Hood CG, Kavanagh PV. Complications of ureteral stent
placement. RadioGraphics 2002;22:1005–1022, with permission from the Radiological Society of North America.)
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patency include Doppler US detection of
urinary jets and measurement of the resistance
index with Doppler US. Nuclear renography,
often combined with a diuretic agent, evaluates
patency in an appropriate clinical setting.

Because urethral catheters positioned with a
distal tip in the bladder result in reflux, their 
use is inappropriate if additional reflux is 
detrimental.

Stent erosion into an adjacent vessel is
favored by ischemia—often due to either prior
radiation therapy or extensive surgery.

Most ureteral stents are retrieved cystoscopi-
cally. Occasionally it is necessary to retrieve 
a stent using a percutaneous fluoroscopic
approach. Some stents remain in place for a
number of years and become encrusted. The
initial approach to such a chronic stent should
be an IV urogram to evaluate renal function and
identify any obstruction. With no significant
encrustation, stent extraction under fluoro-
scopic control is generally successful. With
encrustation, ESWL can be successful. With a
fixed proximal J-curved stent percutaneous
removal may be successful.

Vascular Complications
Significant hematuria occasionally develops
after an invasive percutaneous renal procedure.
Angiography should detect any underlying 
vascular injury and, if necessary, transarterial
embolization with Gelfoam, steel coils, or other
material performed.

A rare complication of renal angioplasty is
acute pulmonary edema.

Nephrectomy
Either a transabdominal or retroperitoneal
approach is used during laparoscopic radical
nephrectomy. The incidence of complications
and the need for conversion to open surgery
decreases with experience. These complications
range from access site complications, such as
hernia formation and hematoma, to vascular
injury, splenic laceration, adrenal injury, and
pneumothorax.

Computed tomography reliably identifies
postoperative bleeding, urinary leak, or ob-
struction in these patients.

Nephrostomy
The most common indication for percutaneous
nephrostomy is renal collecting system obstruc-
tion; an occasional nephrostomy is performed
to bypass a ureteral fistula. These common 
procedures are associated with few serious 
complications. Transient hematuria is common 
after the procedure. Occasional hemorrh-
age requires transfusion. Rare complications
include gallbladder puncture and peritonitis
and air embolism.

While palliative percutaneous nephrostomy
does decompress a more distal malignant
obstruction, whether it improves quality of life
in patients with an unresectable cancer is
another question.

Related to Other Abdominopelvic
Surgery
One complication of gynecologic surgery is
iatrogenic ureteral injury. The risk of ureteral
injury is about 10 times greater during an
abdominal hysterectomy than during vaginal
surgery; some of these injuries are relatively
asymptomatic and lead to a silent kidney 
loss.

A rare complication is a bladder or ureteroac-
etabular fistula, often a result of extensive pelvic
surgery.

An occasional surgical scar shows uptake of
Tc-99m–methylene diphosphonate (MDP).

Ureteroscopy
Possible complications of ureteroscopic calculi
removal are perforation, stricture, and even
ureter avulsion. Avulsion of the lumbar ureter 
is related to both ureteroscope and Dormia
catheter manipulation. During an iatrogenic
ureteral perforation a calculus can be pushed
into the retroperitoneum alongside the ureter.
Such paraureteral calculi should not result in a
subsequent stricture.

Contrast Nephropathy
According to the Contrast Media Safety Com-
mittee of The European Society of Urogenital
Radiology, hemodialysis and peritoneal dialysis
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remove both iodinated and gadolinium contrast
agents (146); several hemodialysis sessions or
several weeks of continuous ambulatory dialy-
sis are necessary to removal all contrast. It
should be noted, however, that hemodialysis
does not protect poorly functioning kidneys
against contrast induced nephrotoxicity.

Contrast-associated nephropathy is a poorly
understood and generally unpredictable phe-
nomenon. Its prevalence is increased in patients
with diabetic nephropathy.Also, elderly patients
and those who are azotemic, hypertensive, dehy-
drated, or have hyperuricemia are at increased
risk of developing contrast nephropathy. High
blood urea nitrogen and high creatinine levels
are additional risk factors.

Creatinine clearance is generally employed to
monitor changes in renal function due to sus-
pected contrast nephropathy, although the
primary effect of contrast agents is on renal
tubules rather than glomerular function. In
either case, most changes are mild and
reversible and do not need therapy.

Occasionally prolonged renal cortical con-
trast retention is evident after vascular contrast
injection. While retention can be seen in such
conditions as hypotension, in some patients
retention persists for several days or even lon-
ger in the absence of any known underlying 
abnormality. Computed tomography performed
hours after angiography identifies renal cortical
contrast in a minority of patients; these patients
are at an increased risk, albeit low, of contrast-
associated nephropathy. The large contrast
volumes used correlate with contrast retention
and nephropathy.

Hydration prior to contrast injection is effec-
tive in decreasing the risk of contrast nephropa-
thy. The use of low osmolar contrast agents also
lessens the prevalence of contrast nephropathy.
Preliminary results suggest that prophylactic
prostaglandin E1 may have a role in patients at
risk.

A neutral gadolinium chelate (gadobutrol),
injected IV at doses of either 0.1 or 0.3 mmol per
kg of body weight in patients with margi-
nal excretory function (creatinine clearance 
<30 mL/min), did not affect renal function and
thus appears to be a safe MR contrast agent even
in patients with impaired renal function (147);
hydration, treatment with diuretics, and
hemodialysis are not required after the use of
this contrast agent. Yet gadolinium contrast

agents are not completely innocuous, and occa-
sional reports describe acute renal failure after
their use. Several reports describe use of
gadolinium-based contrast agents for CT
imaging in patients with renal insufficiency or
prior severe reaction to an iodinated agent. In
fact, the toxicity of gadolinium agents, at doses
achieving equivalent x-ray stopping power, is
greater than that of nonionic iodinated agents.
This is in distinction to the use of approved
lower gadolinium doses during MRI, which are
insufficient for useful x-ray contrast, and which
have negligible nephrotoxicity. The European
Society of Urogenital Radiology position is that
gadolinium-based contrast agents are more
nephrotoxic than iodinated contrast agents in
equivalent x-ray attenuation doses and use of
gadolinium contrast agents for angiography or
CT is not recommended.
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Technique
Conventional Cystography
Cystography is a well-established technique in
evaluating the bladder lumen and providing
access for biopsies. It is often used as a gold
standard when evaluating other imaging proce-
dures. Cystography as used here implies con-
ventional cystography, which consists of lumen
distention with a contrast agent introduced via
a catheter and appropriate filming. Cystography
is also feasible using computed tomography
(CT), ultrasonography (US), magnetic reso-
nance (MR), and radionuclide techniques.

Voiding cystourethrography continues to be
the gold standard for imaging evaluation chil-
dren with urinary tract infection, male urethra,
functional bladder conditions and in detecting
vesicoureteral reflux. Although radionuclide
and contrast enhanced US cystography have a
role in screening and follow-up of established
conditions, most initial evaluation of function
and anatomy appears best served by voiding
cystourethrography.

Computed Tomography
A typical CT cystography technique consists of
contiguous 5-mm axial scans after bladder dis-
tention with a 4% iodinated solution as a posi-
tive contrast agent. Air or carbon dioxide is

occasionally used for bladder distention, but a
potential complication of air is air embolism.
Imaging in both the supine and prone positions
is necessary when using gas to detect tumors
otherwise covered with fluid.

Similar to CT colonoscopy, CT cystoscopy
(also called virtual cystoscopy) is feasible with a
contrast filled bladder. Computed tomography
cystoscopy is an alternate procedure in patients
with urethral strictures who cannot undergo
conventional cystoscopy or cystography but
indications are expanding and some enthusiasts
believe it will replace a large part of conven-
tional cystoscopy. Three-dimensional (3D) CT
cystography using perspective volume render-
ing and a shaded-surface 3D outline evaluates
tumor size and shape and provides information
about its relationship to adjoining mucosa.With
current techniques, however, endoscopic cys-
toscopy has better spatial resolution in detect-
ing small bladder tumors; thus CT cystoscopy
detected 90% of bladder tumors, with all unde-
tected tumors being <5 mm in diameter (1);
transverse and virtual images are complemen-
tary—some small tumors are identified only on
virtual images but bladder wall thickening is
more apparent on transverse images.

Flow of opacified urine into the bladder
during contrast-enhanced CT results in intralu-
minal artifacts due to incomplete mixing. If
necessary, delayed bladder images should be
obtained to eliminate these artifacts.

11
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Ultrasonography
Bladder US is performed using a transabdomi-
nal, endorectal, endovaginal, or endourethral
approach. Color Doppler US detects ureteral 
jets and with unilateral ureteral obstruction,
Doppler US reveals asymmetry to these ureteral
jets. The presence of normal ureteral jets
excludes significant obstruction.

Intravesical instillation of an US contrast
agent aids detection of certain abnormalities,
such as vesicoureteral reflux. A galactose-based
microbubble contrast agent, Levovist, is typi-
cally employed. Contrast duration for this agent
varies when mixed with normal saline. A high
concentration of dissolved oxygen in normal
saline appears to prevent diffusion of gas from
the microbubbles into the solution and as a
result contrast duration is longer than with use
of a low oxygen concentration solution, such as
is found in vacuum sealed containers (2).

Magnetic Resonance Imaging
On T1-weighted images urine is homo-
geneously hypointense and blends into the
bladder wall. On T2-weighted images urine is
hyperintense while bladder wall muscle layers
remain hypointense and the two can be 
differentiated from each other. Immediate 
postcontrast images reveal little or no urine
enhancement, but with renal excretion urine
becomes hyperintense on delayed images.

Bladder instillation of a superparamagnetic
iron oxide contrast agent aids in evaluating
intraluminal extension of bladder tumors.
High-resolution T2-weighted turbo spin echo
(TSE) sequences detect tumors as small as 4 mm
and estimate the depth of infiltration by identi-
fying inner and outer bladder wall margins (3);
this technique, however, does not readily iden-
tify different bladder wall layers.

Magnetic resonance (MR) cystoscopy is
based on principles similar to CT cystoscopy.
After filling the bladder with a negative contrast
agent and using a heavily T2-weighted sequence
such as half-Fourier acquisition single-shot
turbo spin echo (HASTE), axial and virtual cys-
toscopic images achieved a sensitivity of about
90% in detecting tumors <1 cm and 100% for
tumors 1 cm or larger (4), results not differing
statistically from CT cystoscopy or conventional
cystoscopy.

Virtual MR cystoscopy without bladder filling
with contrast or use of IV contrast is also feasi-
ble; tumors >1 cm are readily detected (5). The
role of such a contrast-less MR study in screen-
ing and diagnosis remains to be established.

Scintigraphy
Radionuclide cystography is less often per-
formed than conventional cystography because
of its poorer spatial resolution. Technetium-
99m (Tc-99m)–sulfur colloid is not absorbed
from the bladder and is thus employed. Indi-
rect radionuclide cystography using Tc-99m-
mercaptoacetylglycilglycilglycine (MAG3) may
be sufficient for some indications.

Congenital Abnormalities
Agenesis
Bladder agenesis is very rare and is usually 
associated with other major anomalies. Most
affected neonates are stillborn.

Duplication
Bladder duplication is rare. With complete
duplication each kidney and ureter drains into
its separate bladder, which then drains by sepa-
rate urethras. Some duplications are incomplete
and the two bladders communicate through an
isthmus. Some bladders only appear duplicated
because of an internal septum. An “hourglass”
bladder or a large diverticulum arising from the
dome of the bladder also mimics an incomplete
duplication.

Cystography readily detects a bladder 
duplication.

A rare bladder duplication is associated with
exstrophy, epispadias, and other abnormalities.

Cloacal Exstrophy
Various gradations in failure of fusion of
the inferior abdominal wall range from an
omphalocele, to cloacal (bladder) exstrophy, to
epispadias. This condition is more common in
males. In some, the anterior abdominal muscles
and anterior bladder wall are absent.

Cloacal exstrophy is associated with an
omphalocele, imperforate anus, exstrophy of
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two hemibladders, and an everted cecum
between which lie the hemibladders. Epispadias
is part of an exstrophy abnormality. Cryp-
torchidism and an umbilical hernia are com-
mon. Extensive bowel anomalies include a
blind-ending hindgut and an omphalocele. The
terminal ileum may prolapse out of the cecum.
Spinal anomalies are common and the spinal
cord is tethered. An association exists between
bladder exstrophy and subsequent development
of a bladder malignancy.

Conventional radiographs reveal symphysis
pubis widening. Such widening is not pathog-
nomonic for cloacal exstrophy but is also found
in cloacal malformation, epispadias, and other
hindgut malformations. In exstrophy the iliac
bones are rotated laterally.

Surgical treatment of these patients is
complex and includes closure of an omphalo-
cele, separation of the gastrointestinal tract
from hemibladders, and creation of a single
bladder. A bladder continence mechanism
needs to be created. Lastly, if possible, a colon
pull-through is performed.

Previous therapy for cloacal exstrophy was
cystectomy and ureterosigmoidostomy. A num-
ber of complications develop with this proce-
dure, including urinary infections and renal
damage, with the major long-term complication
being development of rectosigmoid adenocarci-
noma. The risk of carcinoma is much less after
creation of a urinary colonic conduit than with
a simple ureteral sigmoidostomy.

Serial renal US is worthwhile in these patients
to assess renal status and check for development
of hydronephrosis. Renal ectopia is common.
These patients are prone to reflux.

A cloacal malformation is a different entity,
occurs only in girls, and is not related to cloacal
exstrophy; it is discussed in Chapter 12.

Ureterocele
Clinical

A ureterocele is a congenital anomaly consisting
of a dilated intramural ureteral segment. It is
associated with urinary retention and infection.
Ureteroceles are mostly a pediatric diagnosis
but they occasionally first manifest in adult-
hood. They are classified into simple and
ectopic, depending on the distal orifice. About
10% are bilateral. Some authors suggest that sib-

lings of children with ureteroceles be screened
for urogenital abnormalities.

Ectopic ureteroceles are often part of a dupli-
cated renal collecting systems, with most termi-
nating a ureter draining the upper renal pole.
They are more common in girls and are a
common cause of bladder obstruction in girls.
An extreme example consists of bilateral urete-
roceles and bilateral duplex systems. An ectopic
ureterocele does occur in patients with a single
kidney or a horseshoe kidney.

An ectopic ureterocele can distort an adjacent
normally located ureterovesical junction to the
point of inducing reflux. A rare ureterocele pro-
lapses and even strangulates. Or occasionally a
simple ureterocele even prolapses into the
urethra and leads to bladder outlet obstruction.
Bladder outlet obstruction can also be due to a
simple ureterocele if it is large enough.

If necessary, a ureterocele is treated by endo-
scopic ureterocele incision; the success rate is
lower with ectopic ureteroceles. Vesicoureteral
reflux develops after such endoscopic incision
in about half the patients, with reflux being
more common with an ectopic ureterocele.

Imaging

Intravenous urography of a simple ureterocele
is usually diagnostic. A ureterocele is seen as a
cyst-like dilation of the distal ureter protruding
into the bladder lumen; the ureterocele wall
appears as a thin radiolucent line, although
infection or stasis results in thickening. The
typical “cobra-head” appearance is familiar to
most radiologists. At times urography simply
reveals a large radiolucent tumor in the bladder
in association with nonvisualization of the 
ipsilateral kidney upper pole.

A cystogram detects a ureterocele, provided
instilled contrast does not efface or obscure it.
Serial visualization during bladder filling and
voiding is helpful.

Computed tomography of a ureterocele
reveals a well-marginated soft tissue tumor at
the ureteral insertion (Fig. 11.1).A simple urete-
rocele is seen on US as a thin-walled, fluid-filled
structure at the trigone.

Occasionally a diminutive renal upper pole is
drained by a small duplicated ureter that ter-
minates in a relatively large ureterocele. This 
condition, called ureterocele disproportion, is
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difficult to diagnose with most imaging 
modalities.

Some ureteral duplications and ectopic urete-
roceles are associated with ureteral obstruction,
marked hydronephrosis, and dilation of the
involved ureter to the point that adjacent
nonobstructed collecting systems are displaced
inferiorly. The reverse can also occur—occa-
sionally an obstructed normal ureter mimics
the appearance of a ureterocele.

Stones develop in some ureteroceles.
The term ureterocele eversion describes 

a ureterocele that everts or intussuscepts 
retrograde into the ureter during voiding cys-
tourethrography. Radiographically, the out-
pouching can appear similar to a paraureteral
bladder diverticulum. At times fluoroscopy aids
in detecting these eversions.

Urachal Abnormalities
The urachus, or median umbilical ligament, is 
a residual fibromuscular cord located in the

midline extending from the anterior superior
bladder wall to the umbilicus. This embryonic
communication normally closes before birth,
but patency after birth results in luminal com-
munication between the bladder and the
umbilicus. Partial obliteration leads to a blind
ending sinus at the umbilical end, or, with
failure of the bladder end to close, a sinus com-
municates with the bladder (vesicourachal
diverticulum). A urachal cyst (omphalovesical
cyst) represents a cavity in the urachus with
both the bladder and umbilical ends closed. In
children with urachal abnormalities, urachal
sinuses and cysts predominate, with a patent
urachus and a urachal diverticulum being less
common.

Ultrasonography identifies a midline mass
between the rectus abdominis muscle and the
superior-anterior bladder wall, representing a
urachal remnant, in about one third of young
adults. A majority of these urachal remnants 
are nodular, with a minority being tubular in
shape. Their prevalence decreases with age,
presumably due to involution. In most people 
a urachal remnant is a normal variant. Occa-
sionally one manifests by hematuria and is
resected.

Fistula and Sinus Tract

Urachal anomalies are more common in males.
The prevalence of vesicourachal fistulas is
increased in the prune belly syndrome. A patent
urachus is also associated with urethral
obstruction, such as posterior urethral valves or
urethral atresia.

The presence of a patent urachus is generally
suspected in the neonate and is best established
by direct contrast injection into the umbilical
opening. A voiding cystourethrogram also
detects patency, provided the images are
obtained with the infant in a lateral projection.
At times an almost patent urachus is initially
asymptomatic but manifests later in life when a
bladder outlet obstruction develops.

A vesicourachal diverticulum is a midline
outpouching extending from the superior-
anterior bladder wall. Most are discovered inci-
dentally. Occasionally stasis results in recurrent
urinary tract infection and stone formation.
Cancer originating in a vesicourachal diverticu-
lum is an uncommon occurrence developing in
adults.

Figure 11.1. Ureterocele. Excretory phase three-dimensional
(3D) computed tomography (CT) reconstruction identifies
hydronephrosis, hydroureter, and a ureterocele (arrow). (Source:
Joffe SA, Servaes S, Okon S, Horowitz M. Multi-detector row CT
urography in the evaluation of hematuria. RadioGraphics
2003;23(6):1441–1456, with permission from the Radiological
Society of North America.)
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A vesicourachal diverticulum can be sug-
gested by CT, US, or MRI by detecting a bladder
outpouching in the appropriate location.

Infection

Infection leads to a pyourachus, located in 
the midline, deep to the rectus abdominis
muscle.

Imaging reveals a fluid-filled midline cavity
close to the anterior bladder wall. When
infected, the cyst in effect becomes an abscess
and the cyst wall gradually thickens. A charac-
teristic CT finding of a pyourachus is a conical-
shaped structure extending from the umbilicus
to the bladder dome. Inflammatory changes in
adjacent subcutaneous tissues, the rectus abdo-
minis muscle, and mesenteric fat surround the
infected urachus. Chronic infection results in a
thickened cyst wall.

An infected urachal cyst can be drained 
percutaneously, although this is generally a tem-
porary measure because of an increased rein-
fection rate. For these reasons most urachal
cysts are resected. Also, if an infected urachal
cyst is suspected in an adult, a necrotic (or
infected) carcinoma should be in the differen-
tial diagnosis.

Cyst/Neoplasm

Some urachal cysts remain asymptomatic, and
others serve as a nidus for infection, while a
neoplasm develops in an occasional one. Some
urachal cysts gradually enlarge. In general, if US
or other imaging shows a midline cystic struc-
ture between the umbilicus and bladder not
related to bowel, an urachal cyst should be 
suspected.

Occasionally dystrophic calcifications or
osseous metaplasia develop in an urachal cyst
wall. Metaplasia of urachal transitional epithe-
lium can evolve into an adenoma and carci-
noma. A majority of these carcinomas are
adenocarcinomas, with an occasional transi-
tional cell carcinoma, squamous cell carcinoma,
sarcoma, or even a small cell carcinoma. In
general, most carcinomas are detected late when
the tumor has already spread. A not uncommon
presentation is a suprapubic tumor, hematuria,
mucusuria, pain, or discharge from the umbili-
cus. An occasional urachal adenocarcinoma
metastasizes (6); a urachal mucinous carcinoma

is a less common cause of pseudomyxoma 
peritonei.

Imaging reveals a tumor involving the
bladder apex, mostly extravesical in location
and often growing along the urachus. Primary
bladder carcinomas tend not to have these
findings. Some mucin-producing urachal ade-
nocarcinomas develop psammomatous calcifi-
cations, findings readily detected by CT. These
mucinous adenocarcinomas can be solid, cystic,
or mixed.

Ultrasonography should readily detect
urachal cysts. If needed, CT confirms the 
diagnosis. Doppler US of an urachus adenocar-
cinoma revealed neovascularity and a low resis-
tive index in the tumor (7).

Trauma
Spontaneous bladder rupture in the absence of
trauma is rare but has occurred in a setting of
previous radiation therapy, surgery, infection, or
is idiopathic. Contrast extravasation may occur
during voiding cystourethrography performed
in a patient with an unused bladder. Most of
these extravasations are self-limiting.

The risk of bladder rupture increases with
bladder distention. Perforation of an empty
bladder is generally associated with a pene-
trating injury, either extrinsic or a bone
fragment.

After blunt pelvic trauma or in a setting of
pelvic fractures, bladder or urethral injury is
suggested by hematuria or inability to urinate.
A small minority of patients with bladder
rupture have only microscopic hematuria. A
direct association exists between gross hema-
turia and bladder perforation, most being
extraperitoneal, less often intraperitoneal, and
least common being both intra- and extraperi-
toneal. Pelvic fractures are present in a majority
of patients with bladder perforation.

A retrograde urethrogram is generally
obtained to exclude urethral injury, followed by
a cystogram. At times extraperitoneal contrast
extravasation is only seen on postdrainage 
radiographs. A cystogram should detect not
only bladder rupture but also determine
whether the rupture is intra- or extraperitoneal
(Fig. 11.2). During the cystogram an attempt
should be made to identify a site of perforation.
Subtle intraperitoneal leaks are difficult to
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detect; the diagnosis is generally made by 
seeing contrast outline the loops of the bowel.
Occasionally contrast absorbed from the peri-
toneal cavity and excreted by kidneys provides
a clue to an intraperitoneal leak and thus a radi-
ograph over the kidneys after a cystogram is
useful.

Intravenous urography is inadequate to eval-
uate bladder trauma. Likewise, US is not a sub-
stitute for a cystogram in a setting of trauma,
although US may detect a hematoma or fluid in
the peritoneal cavity. Magnetic resonance is
generally precluded during the immediate post-
trauma period by monitoring logistics in a
strong magnetic field.

Many of these trauma patients undergo con-
trast CT to evaluate for pelvic and abdominal
trauma. The presence of pelvic fractures and
pelvic fluid is associated with bladder rupture,
but a bladder perforation cannot be excluded on
this study without full bladder distension.
In some centers CT cystography, performed
after retrograde instillation of contrast, has
replaced conventional cystography. Another
option is to clamp the patient’s Foley catheter
prior to scanning and add a 5-minute or so delay
after intravenous (IV) contrast injection to
allow for bladder distention. Thin, contiguous
slices through the bladder are necessary for this

study. Preliminary evidence suggests that CT
cystography achieves similar accuracy to that of
conventional cystography (8), but the practical
choice between these two studies is not settled.
Also, extravasated contrast detected on a CT
cystogram performed after IV contrast injec-
tion does not necessarily represents bladder
rupture—renal injury can lead to similar
findings.

Whether children with pelvic trauma should
first undergo a cystogram or CT is debatable,
and the role of a CT cystogram in children is not
clear.

Extraperitoneal urine and contrast extravasa-
tion is into the prevesical space of Retzius; fluid
can dissect along the tissue fascial planes and
extend into the scrotum or dissect laterally into
the hip, resulting in such curiosities as a hip
arthrogram becaming evident due to extra-
peritoneal bladder rupture and an acetabular
fracture.

In general, extraperitoneal bladder rupture 
is managed by catheter drainage, while 
intraperitoneal rupture is explored surgically.
Most extraperitoneal bladder ruptures resolve
without surgery. The key to successful manage-
ment is continuous bladder drainage.

Shotgun pellets have passed spontaneously
during voiding.

Figure 11.2. Bladder perforation. Early bladder filling (A) and after partial drainage (B) views during a cystogram indentify contrast
extravasation from the bladder base (arrows).

A B
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Wall Thickening
Infection/Inflammation
Cystitis

General Imaging Findings

Lower urinary tract infection is considerably
more common in women than men. Most
attacks clear with antibiotic therapy and recur
only in a minority. Imaging is generally reserved
for those women not responding to antibiotics,
frequent reinfections, atypical presentation,
or known risk factors, including hematuria,
suspected upper urinary tract infection, past
history of stones, infection, or reflux.

If imaging is deemed necessary for suspected
upper tract involvement, IV urography is gen-
erally the first preferred test. A minority of
authors recommend a conventional radiograph
combined with US. Some bladder abnormalities
are detected on an IV urogram, although
voiding cystography provides more informa-
tion, including the presence of vesicoureteral
reflux. Urethral diverticula are also detected
with voiding cystography, although at times a
specific double-balloon urethrogram and other
studies are necessary for their detection (ure-
thral diverticula are discussed in Chapter 12).

While mild cystitis has no abnormal radi-
ographic findings, with progressively more
severe involvement focal mural thickening
evolves, intraluminal tumors may develop,
and occasionally an irregular outline become
evident. Initially bladder capacity tends to be
normal, but with progressive inflammation the
lumen contracts.

In adults, the presence of bladder wall thick-
ening and irregularity can be secondary to
either inflammation or neoplasm, and in many
patients a biopsy is necessary to narrow the
diagnosis. Not all bladder polyps are neoplastic;
occasionally cystitis results in inflammatory
polyps. These inflammatory tumors can be dif-
ferentiated from other spindle cell proliferations
by immunohistochemical means.

Most so-called congenital hourglass bladders
are found in adult males and are associated with
bladder inflammation. Imaging simply reveals
an hourglass outline.

T1-weighted MRI reveals two distinct layers
in a cystitis-thickened bladder wall: a hyperin-
tense inner and an isointense outer layer. T2-

weighted MRI reveals four distinct layers: (1)
hypointense inner epithelium, (2) hyperintense
lamina propria, (3) hypointense muscle layer,
and (4) isointense outer layer representing
muscle and connective tissue.

Interstitial Cystitis

Interstitial cystitis is more of a syndrome than
a specific disease. Etiology is unknown but is
often multifactorial in origin. Helicobacter
pylori probably is not a cause of this condition.
A relationship has been suggested between
interstitial cystitis and collagenous colitis. The
vast majority affected are women.

Interstitial cystitis is a severe and debilitating
bladder disorder manifesting by pelvic pain and
urinary frequency. No diagnostic test is avail-
able for this condition and it is diagnosed by
exclusion. Urodynamic studies, including a
voiding cystourethrogram, are necessary to
exclude other conditions. Thus in patients 
initially believed to have interstitial cystitis,
urethral abnormalities such as periurethral
fibrosis, urethral diverticula, and chronic ure-
thritis are common; eventually only four of 23
patients in one study were believed to suffer
from interstitial cystitis (9).

Therapy is difficult. Some women with
intractable interstitial cystitis undergo entero-
cystoplasty, but even some of these continue
being symptomatic. Some require an ileal loop
diversion. Of interest is that some subsequent
ileal loop biopsies also show histologic changes
of interstitial cystitis. Intravesical bacillus 
Calmette-Guérin (BCG) therapy has led to
improvement in some patients (10).

An anterior vaginal hernia (enterocele) 
developed in 11% of women who underwent
cystectomy and urethrectomy for intractable
interstitial cystitis (11); clinically, these hernias
mimic a midline cystocele except they contain
bowel.

Hemorrhagic Cystitis

In some patients hemorrhagic cystitis and 
interstitial nephritis are associated with the 
use of nonsteroidal antiinflammatory drugs
(NSAIDs). Cyclophosphamide therapy is also
implicated, at times resulting in massive bleed-
ing. Radiation cystitis, secondary to pelvic radi-
ation therapy, also manifests as hemorrhagic
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cystitis. Bladder wall edema and inflammation
resolves in some patients, while in others it pro-
gresses to a small, shrunken bladder. Of interest
is that hyperbaric oxygen therapy appears
helpful in radiation cystitis (12); hematuria sub-
sides and symptoms improve.

The CT and MR appearance of hemorrhagic
cystitis varies depending on timing (Fig. 11.3).
Active and very recent bleeding has T1- and 
T2-weighted imaging characteristics of fluid.
Slightly older blood becomes hyperintense on
T1- and hypointense on T2-weighted images,
findings reflecting intracellular methemoglobin
due to subacute intramural hemorrhage.

Eosinophilic Cystitis

Eosinophilic cystitis is a histologic diagnosis
characterized by massive eosinophilic infiltra-
tion. Etiology in most patients is unknown,
although remission in some patients undergo-
ing steroid therapy suggests an allergic condi-
tion. One should keep in mind, however, that
occasionally a chronic infection results in
eosinophilic cystitis. Partial cystectomy and a
pseudoneoplastic condition or reaction to
suture material can also lead to eosinophilic
cystitis.

Eosinophilic cystitis can be subdivided into
three clinical entities having different presenta-
tions and treatments (13):

Group I consists of young adults and chil-
dren with a background of atopy or 

parasitic infestation who have micturition
difficulties or hematuria. They respond to
steroids.

Group II consists mostly of middle-aged
women with chronic, recurrent cystopathy.
They respond poorly to therapy.

Group III consists of elderly patients with
chronic bladder irritation or other type of
injury. They usually do not require therapy.

Some of these patients have eosinophilia and
eosinophiluria. A minority progress to fibrosis
and a small, retracted bladder, similar to that
seen with interstitial or tuberculous cystitis.
Ureteral involvement and hydronephrosis
necessitate surgery.

Imaging findings in eosinophilic cystitis are
nonspecific. Some patients develop an intralu-
minal tumor. Spontaneous bladder rupture is a
rare complication of eosinophilic cystitis.

Emphysematous Cystitis

Emphysematous cystitis almost always implies
infection, with the most common infection
being due to Escherichia coli. Many of these
patients are diabetics. Occasionally emphyse-
matous pyelonephritis coexists with emphyse-
matous cystitis. Some of these patients have gas
in the bladder and develop pneumaturia, thus
suggesting an enterovesical fistula. Untreated,
the condition evolves into bladder gangrene.

Cystoscopy reveals bladder mucosal vesicles.
Computed tomography readily detects

emphysematous cystitis or emphysematous
pyelonephritis. Conventional radiographs may
miss small amounts of intraluminal air unless
films with a horizontal x-ray beam are obtained.
Ultrasonography reveals a thickened hyper-
echoic bladder wall and acoustic shadowing
within the lumen.

Fungal Cystitis

Fungal infection of the lower urinary tract is
seen in patients with a neurogenic bladder, pro-
longed antibiotic therapy, or prolonged use of
an indwelling catheter. Occasionally the condi-
tion evolves into emphysematous cystitis, espe-
cially in diabetics.

When extensive, Candida cystitis results in a
“fungus ball,” which on rare occasion can result
in bladder outlet obstruction.

Figure 11.3. Hemorrhagic cystitis due to Cytoxan therapy.Com-
puted tomography reveals a thick-walled bladder containing
blood clots, debris, and gas. (Courtesy of Patrick Fultz, M.D., Uni-
versity of Rochester.)
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Tuberculous Cystitis

Bladder tuberculosis is usually associated with
renal involvement. This chronic infection results
in an interstitial cystitis and an eventual spastic,
small capacity, thick-walled bladder. Clinical
presentation tends to mimic interstitial cystitis.
A rare tuberculous cystitis results in a sponta-
neous bladder perforation.

Cystography reveals a polypoid bladder
outline, ulcerations, and infiltration of the
ureterovesical junctions, with the latter evolving
into ureteral obstruction or vesicoureteral
reflux. Calcifications develop in some bladders
but are not commonly detected with conven-
tional radiography. Any intraluminal septations
are best seen with either CT or US. Extensive
granulomas result in a polypoid appearance.
The overall appearance mimics a malignancy
(Fig. 11.4).

Schistosomal Cystitis

Schistosomiasis (bilharziasis) is endemic in
Africa and western Asia, and infection occurs by
contact with water containing cercariae emitted
from snails. Schistosoma haematobium develops
in portal veins and migrates against the blood
flow in the portal vein, the inferior mesenteric
vein, and probably from hemorrhoidal veins

into bladder veins, where adults deposit eggs.
The eggs then pass through the bladder wall and
are eliminated in urine.

Initially involved are bladder trigone and
adjacent ureteral segments, distinguishing
schistosomiasis from tuberculosis; the kidneys
are primarily involved with the latter, and the
ureters are secondarily affected.

Hematuria is a typical and often the only clin-
ical presentation. Neither urinary tract infec-
tions nor urinary stones are more common than
in the general population.

The bladder wall gradually assumes an irre-
gular outline and hydroureters develop. At times
a biopsy yields eosinophilic cystitis. Some
patients develop granulomatous bladder polyps.
Fibrosis and hyperplastic changes evolve into
squamous metaplasia, predisposing these
patients to subsequent carcinoma. An early
onset of chromosomal aberration is found even
in histologically benign-appearing mucosa. Car-
cinomas in bilharziasis are common and occur
at a relatively early age. Tumors range from
nodular to infiltrating.

A classic conventional radiographic finding
of bladder schistosomiasis is bladder wall
calcification, and in endemic areas in the appro-
priate clinical setting, little else is in the differ-
ential diagnosis. These calcifications are better
defined with CT. They range from being barely
visible, to those having a thin, rim-like appear-
ance, to marked calcification of the entire
bladder wall. Ureteral calcifications appear as
distal ureteral linear, parallel lines mimicking
vascular calcifications.

Urography reveals thickened folds and a
shrunken bladder lumen. An enlarged prostate
elevating the bladder base is common. In some
countries the ready availability of US has made
this modality the imaging choice in following
these patients.

Actinomycosal Cystitis

Bladder actinomycosis is uncommon. Infected
individuals tend to develop extensive fistulas
and fibrosis; at times the appearance mimics
that of a bladder tumor.

Granulomatous Cystitis

A granulomatous cystitis, often seen in children,
is part of eosinophilic cystitis and is often 

Figure 11.4. Bladder tuberculosis in a patient with previous
renal tuberculosis. Computed tomography shows a thick walled
shrunken bladder and a nodule projecting from the wall
(arrows). The ureters are dilated. (Courtesy of Egle Jonaitiene,
M.D., Kaunas Medical University, Kaunas, Lithuania.)
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considered to be an immunologic disorder,
although a number of these children probably
suffer from chronic granulomatous disease, an
inherited disease characterized by recurrent
bacterial or fungal infections. These children
present with hematuria, urgency, and dysuria.
They develop chronic bladder tumors mimick-
ing neoplasms.

Crohn’s Disease

Cystitis in Crohn’s patients most often is sec-
ondary to an adjacent phlegmon or an
enterovesical fistula. A rare patient presents
with gross hematuria.

Malacoplakia

Malacoplakia is a granulomatous inflammatory
reaction characterized by bladder wall thicken-
ing, at times involving adjacent structures.
Pathogenesis is unknown, although many of
these patients have other underlying systemic
disorders.

Infection by urea splitting organisms results
in deposition of inorganic salts and an alkaline
encrusted cystitis. These encrustations are asso-
ciated with malacoplakia, although the relation-
ship between alkaline encrusted cystitis and
malacoplakia is incompletely understood. Both
malacoplakia and primary squamous cell carci-
noma have developed in chronic cystitis.

Imaging reveals one or more intraluminal
sessile nodules varying in size, occasionally
leading to vesicoureteral junction stenosis and
hydronephrosis.

If diffuse, cystitis cystica is in the imaging 
differential diagnosis.

Ischemia
Bladder overdistention can lead to ischemia 
and eventual gangrene. The mucosa is most sen-
sitive to ischemia and occasionally a necrotic
mucosa will slough; eventually the mucosa will
regenerate.

Bladder infarction develops with bladder
strangulated in an inguinal hernia.

Behçet’s Syndrome
Urinary tract involvement in Behçet’s syndrome
can lead to recurrent cystitis, urethritis, or epi-
didymitis. Extensive fistulas are not common;

if present, actinomycosis or Crohn’s disease is
more likely.

Radiation
Acute radiation cystitis starts 4 to 6 weeks after
therapy and presents as a hemorrhagic cystitis.
Imaging reveals edema and a nodular outline.
Postcontrast MRI reveals an enhancing bladder
wall; the appearance is similar to that of other
causes of cystitis and to some neoplastic
infiltrations.

Chronic cystitis develops months or years
later and results in a scarred, fibrotic bladder
wall with a small shrunken lumen. In general,
imaging during the chronic stage is nonspecific.
Radiation cystitis is one cause of a nonfunc-
tioning hypertonic bladder.

Occasionally a vesical fistula develops sec-
ondary to radiation therapy.

Amyloidosis
Primary bladder amyloidosis is rare; more often
encountered is secondary bladder amyloidosis,
both presenting with hematuria. The diagnosis
is made by histologic examination. Once
detected, systemic amyloidosis or a malignant
lymphoproliferative disorder should be
excluded.

Amyloid infiltration results in a thickened,
somewhat irregular bladder wall, and the
imaging appearance mimics that of an infiltrat-
ing neoplasm. Magnetic resonance imaging
reveals amyloid infiltration as a hypointense
region on T2-weighted images (compared to a
normal bladder wall).

Systemic Sclerosis
Lower urinary tract involvement with systemic
sclerosis is not common. Bladder involvement
results in varying degrees of wall fibrosis. While
autonomic dysfunction is common, urody-
namic abnormalities are not.

Tumors
Nonneoplastic Tumors

Interureteric Ridge Edema

Interureteric ridge edema is related to trauma
or acute distal ureteral obstruction. It is best
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identified with the bladder either partially filled
or almost empty.

Cystitis Cystica (Cystitis Glandularis)

A condition of unknown etiology, cystitis
cystica is associated with chronic urinary tract
infection. Histology reveals marked mucosal
thickening, lymphatic obstruction, bladder wall
edema, and intramural cysts.

Cystitis glandularis is probably a more severe
form of cystitis cystica. Pathologically, con-
siderable difficulty can be encountered in 
distinguishing cystitis glandularis from an ade-
nocarcinoma, and anecdotal reports describe
partial cystectomy performed because of an
erroneous diagnosis of adenocarcinoma. Con-
fusing the picture further is the occasional
patient with cystitis glandularis who subse-
quently develops an adenocarcinoma, presum-
ably due to the persistence of chronic irritation.
At times cystitis glandularis and pelvic lipo-
matosis coexist.

A cystogram reveals large nodules or even a
single confluent infiltrating tumor, often at the
bladder base; the imaging appearance is very
similar to that of a neoplasm, although the 
presence of several smooth bladder base
nodules should suggest cystitis cystica. Both CT
and US show irregular regions of bladder wall
thickening in association with intraluminal
tumors. Trigone involvement leads to ureter
obstruction.

Hemangioma

Bladder hemangiomas are not common. They
occur in all age groups but are more prevalent
in children and young adults. Especially in chil-
dren, they manifest with hematuria.

Hemangiomas range from a focal, sessile
tumor to a diffuse intramural infiltration. Some
are multiple. Similar to hemangiomas at other
sites, MR shows them to be hypointense on T1-
and hyperintense on T2-weighted images.

The role of selective arterial embolization is
not well established for these rare tumors.

Pseudosarcoma

A fibroblastic proliferation of unknown etiol-
ogy, called a pseudosarcomatous myofibroblastic
(fibromyxoid) tumor or inflammatory pseudotu-

mor, develops in a number of organs, including
the bladder. This tumor has some characteris-
tics of a desmoid tumor; indeed, whether these
are all the same entity is conjecture. It occurs in
both children and adults. It is not associated
with prior trauma. Some patients present with
hematuria or progressive anemia. Associated
pain suggests a hematoma or even intraperi-
toneal hemorrhage.

The bladder wall and, at times, surrounding
tissues are infiltrated by a tumor superficially
resembling a sarcoma. These are highly vascu-
lar myxoid stroma tumors showing both early
and delayed CT contrast enhancement. In 
children, both clinically and radiologically this
tumor has been mistaken for an embryonal
rhabdomyosarcoma or some other type of
sarcoma. The diagnosis is established by histol-
ogy; no cytologic atypia or increase in number
of mitoses should be evident. Immunohisto-
chemistry reveals myofibroblast proliferation.
Immunoreactivity with vimentin is positive in
some patients.

Condyloma

A bladder condyloma is rare. These tumors are
induced by human papilloma virus infection,
result in a proliferation of squamous epithe-
lium, and are associated with an increased risk
of malignancy.

A cystogram reveals one or more intralumi-
nal tumor. Imaging identifies an irregular
bladder wall thickening and, in fact, a large
condyloma mimics a neoplasm.

Endometriosis

Bladder endometriosis is rare. Most often it is
contiguous with an extrinsic endometrioma
and presents as an infiltrating tumor at the
bladder dome. Several reports describe mali-
gnant transformation in bladder endome-
triosis; most often these are clear cell
adenocarcinomas.

Some women with bladder endometriosis
develop dysuria and hypogastric pain. Bladder
and ureteral endometriosis was associated with
recurrent acute pyelonephritis (14).

Computed tomography or MR should define
the often present extrinsic soft tissue com-
ponent (Fig. 11.5). Nevertheless, a neoplasm
cannot be excluded from the imaging 
appearance.
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Benign Neoplasms

Papilloma

A papilloma consists of a fibrovascular bundle
covered by either transitional or squamous
cells. As discussed in Chapter 10, papilloma eti-
ology is unknown and their histopathologic
diagnosis difficult.

A type of transitional cell papilloma is the
inverted papilloma, found throughout the
urothelial tract, but most often in the bladder.
An initial diagnosis of an inverted papilloma
should be made with care; papillomas mimic
and are readily misdiagnosed as transitional 
cell carcinomas. These tumors are believed to be
related to human papillomavirus type 18 infec-
tion, chronic irritation, and subsequent meta-
plasia. An occasional one is associated with a
more proximal urothelial carcinoma or a
superficial bladder tumor.

A typical papilloma appearance is that of an
isolated, endophytic tumor. On immediate post-
contrast MRI papillomas appear as enhancing
polyps arising from a less enhancing bladder
wall and surrounded by intraluminal signal-
void urine.

Leiomyoma

Bladder leiomyomas are the most common
benign bladder neoplasm but still represent 
less than 1% of all bladder tumors. They are
detected in a younger patient age group than are
carcinomas.

Many of these patients are asymptomatic, and
these tumors are detected incidentally. Some
manifest with hematuria, and less often bladder
outlet obstruction or ureteral obstruction.

Intraluminal growth is most common; a
minority grow extravesically, while a dumbbell
appearance is relatively rare. Some extravesical
leiomyomas reach a large size before being
detected.

A cystogram reveals leiomyomas as smooth,
sessile tumors. Magnetic resonance typically
identifies a well-marginated tumor having an
intermediate signal intensity on T1- and inter-
mediate-to-hypointense signal on T2-weighted
images. Leiomyomas exhibit variable MR con-
trast enhancement. Tumor degeneration leads
to a varied appearance.

An imaging-guided suprapubic biopsy can
often establish the diagnosis, although most of
these tumors are resected.

Nephrogenic Metaplasia/Adenoma

Nephrogenic metaplasia is a rare condition
occurring throughout the urothelium but most
often involving the bladder. The pathogenesis 
is unknown, but prior stone disease or some
type of trauma appears to be the predisposing 
factor. Whether the occasionally reported
nephrogenic adenoma simply represents fur-
ther cell differentiation or is the same entity is
speculation.

Nephrogenic adenomas occur in the bladder,
bulbar urethra, urethral diverticula, and prosta-
tic urethra. Most are discovered incidentally. A
history of prior instrumentation or inflamma-
tion is not uncommon; these adenomas pro-
bably represent a metaplastic response to prior
urothelial trauma. Select examples include a 
4-year-old girl with a bladder nephrogenic
adenoma (15); she had a ureterocele resection
and bilateral ureter reimplantations at 3 months
of age. Cystoscopy in a 76-year-old man revealed
a papillary nephrogenic adenoma (16); he had
received intravesical BCG therapy for recurrent
bladder transitional cell carcinoma.

Most of these adenomas are polypoid, and
imaging simply reveals a sessile tumor, although
some are flat.

Recurrence is common after resection, but
most authors agree that little risk of malignant
transformation exists; nevertheless, some

Figure 11.5. Bladder endometriosis. Computed tomography
identifies an irregular intramural tumor posterior and to the left
of the bladder (arrow). The appearance mimics a neoplasm.
(Courtesy of Patrick Fultz, M.D., University of Rochester.)
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nephrogenic metaplasias and adenomas are
associated with bladder cancer. A rare report
describes a bladder villous adenoma, at times
with foci of adenocarcinoma.

Malignant Neoplasms

Transitional Cell Carcinoma

Clinical Aspects

Primary bladder cancer is three times more
common in men than women and more
common in whites than blacks. In the West,
most bladder cancers are transitional cell carci-
nomas. They range from carcinoma in situ to
diffuse infiltration and metastasis. Adenocarci-
noma and squamous cell carcinoma are consid-
erably less common and tend to occur in certain
settings, discussed later.

Epithelial origin bladder neoplasms are
uncommon in the second decade of life and rare
in the first. Most bladder neoplasms at these
ages are of mesodermal origin. Some studies
suggest that patients under 40 years of age with
bladder transitional cell carcinoma have a lower
recurrence rate and a better prognosis com-
pared to older patients, but other studies con-
clude that the prognosis depends primarily on
tumor stage and is not correlated with age. In
children, transitional cell carcinomas tend to be
low grade and have a low recurrence rate.

The most common clinical presentation is
painless hematuria, ranging from gross to
microscopic and often intermittent. Ureteral
obstruction due to an adjacent cancer is often
silent. Spontaneous perforation of a bladder 
carcinoma is a curiosity. An occasional bladder
cancer manifests first via spread to other struc-
tures, at times to unusual sites.

The Leser-Trelat sign consists of an associa-
tion of multiple seborrheic keratoses with an
internal malignancy. It occurs with transitional
cell bladder carcinomas.

Etiology

A familial form of bladder transitional cell car-
cinoma exists, with two genetic patterns: a
minor autosomal-dominant pattern and a more
common multifactorial pattern involving both
genetic and environmental factors. Some papil-
lary and invasive tumors harbor a chromosome
9 allelic loss, while others contain a p53 gene

mutation without alterations of chromosome 9.
Immunohistochemical study of bladder tumors
in patients younger than 30 years reveals p53
gene product overexpression in a majority (17);
aneuploidy of chromosome 17 is common. The
p53 gene mutations are associated with high-
grade, high-stage urothelial cancers, and these
gene mutations suggest a monoclonal origin for
multicentric cancers. An extremely early age at
onset, in particular, should suggest a genetic
factor.

Infection, the presence of stones, smoking,
various direct-acting chemicals, and a number
of environmental factors are associated with
these cancers. Carcinogenic chemicals impli-
cated include benzidine and 4-aminobiphenyl;
cyclophosphamide also appears to increase the
risk of bladder cancer. Some affected indivi-
duals are infected with human type 18 papillo-
mavirus.

Bladder carcinoma is the most common
malignancy in those parts of the Middle East
and Africa where schistosomiasis is endemic.
The specific relationship is not clear, but N-
nitrosamine compounds appear involved
because urine levels of these compounds are
increased in patients with schistosomiasis-
associated bladder cancer.

Associated Conditions

In patients with renal pelvis and ureteral tran-
sitional cell carcinomas, almost half have syn-
chronous or will develop metachronous bladder
tumors, and these patients should undergo
regular cytologic evaluation and radiologic
screening for a prolonged time period in order
to detect these associated bladder carcinomas.
On the other hand, only in a small minority does
a bladder tumor antedate an upper tract tumor,
and in these patients the primary bladder tumor
tends to be multifocal. Whether patients with a
bladder cancer should undergo regular upper
urinary tract follow-up is not clear from the 
literature, although among patients with stages
Ta, T1, and Tis bladder tumors entered in a
prospective trial of BCG therapy and followed
for 15 years or longer, 21% developed upper
tract tumors (18); some of these tumors
occurred between 10 and 15 years later, and thus
these patients need lifelong follow-up. Intra-
venous urography is useful for screening upper
urinary tracts; retrograde pyelography provides
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alternate visualization if IV urography is incon-
clusive. Some investigators, on the other hand,
believe that IV urography at the initial diagno-
sis of bladder cancer is unnecessary because of
a low upper urinary tract tumor detection rate
with urography.

In patients with a prostate or bladder cancer,
the risk of having or developing the other cancer
is considerably greater than expected. Patients
with a bladder carcinoma are also at increased
risk for renal cell carcinomas and bronchopul-
monary carcinoma.

Pathology

Histologically, a diagnosis of transitional cell
carcinoma is not always straightforward.
Mimicry by benign cystitis glandularis has
already been mentioned. The reverse is also
true; even an invasive bladder transitional car-
cinoma can be composed of cells and glands
having relatively bland cytologic features sug-
gesting a benign condition.

Metaplastic changes, at times extensive, are
often observed in a setting of a bladder cancer.
Epithelial dysplasia is found in most resected
bladders with a bladder cancer. Incidental car-
cinoma in situ is also common, and up to one
third of cancers are multifocal. An occasional
bladder carcinoma exhibits osseous or carti-
laginous metaplasia or osteoclast-like giant
cells.

The World Health Organization grading
system for transitional cell carcinomas consists
of grade I lesions, which are low grade (well-
differentiated), and grade III lesions, which are
poorly differentiated. Grade II lesions are inter-
mediate. Grade I tumors rarely invade, and the
vast majority of invasive tumors are grade III.

Detection

Urinary cytology detects low-grade bladder
cancers with about 50% sensitivity, although
currently the diagnosis is generally established
by cystoscopy and biopsy. Bladder wash cytol-
ogy at the time of cystoscopy also aids in 
diagnosis.

Proposed tests to detect urothelial neoplasms
include tumor antigen, fibrin/fibrinogen degra-
dation products, and nuclear matrix protein
(NMP-22); these require further study to estab-
lish their place in cancer detection.

Bladder transitional cell carcinomas range
from exophytic (papillary) to infiltrating or a
combination of both. Exophytic tumors are
either polypoid or frond-like. Demonstration 
of intraluminal extension, although helpful in
localizing a tumor, does not aid tumor staging.
A carcinoma can originate in a bladder 
diverticulum.

Computed tomography identifies a soft tissue
tumor arising from the bladder wall (Fig. 11.6).
Depending on growth, these tumors range from
a sessile polyp to bladder wall thickening. The
least common is a pedunculated polyp. Tumors
at the bladder dome or trigone are poorly
imaged with CT, the limitation being the axial
slices used. Because of partial volume averaging,
these lesions tend to blend into the bladder wall
and surrounding structures. Likewise, tumors at
the bladder base tend to blend into the prostate.
In general, CT misses lesions smaller than about
1 to 2 cm in diameter. Computed tomography
also cannot distinguish adherent blood clots
from a tumor. Coronal views are often helpful.

Contrast enhanced multidetector CT reveals
bladder cancers enhancing more than the sur-
rounding bladder wall, best seen on 60–80 sec
delayed scans (19); tumors <4 cm in diameter
tend to have homogeneous enhancement, larger
ones become more heterogeneous. A urine dis-
tended bladder aids tumor detection.

Computer tomography cystoscopy, with the
bladder opacified with contrast, can also detect

Figure 11.6. Bladder transitional cell carcinoma. Excretory
phase CT identifies a right bladder tumor (arrow). The bladder
base tumor (arrowheads) is due to prostatic enlargement.
(Source: Joffe SA, Servaes S, Okon S, Horowitz M. Multi-detector
row CT urography in the evaluation of hematuria. RadioGraph-
ics 2003;23(6):1441–1456, with permission from the Radiologi-
cal Society of North America.)
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bladder cancer, with undetected tumors gener-
ally being <5 mm in diameter. One study,
however, identified 88% of tumors <5 mm (20).
Transverse and virtual cystoscopy images are
complimentary—some small tumors are
identified only on virtual images but bladder
wall thickening is more apparent on transverse
images. Computer tomography 3D cystography
using perspective volume rendering and a
shaded-surface 3D outline evaluates tumor size
and shape and provides information about its
relationship to adjoining mucosa. With current
techniques, however, endoscopic cystoscopy has
better spatial resolution in detecting small
bladder tumors.

A typical US appearance of a transitional cell
carcinoma is that of a hypoechoic tumor. The
findings are nonspecific. Bladder tumors can be
evaluated with endourethral US. The major lim-
itation of intravesical US is the inability to dif-
ferentiate among neoplasms, inflammation, and
bladder wall hypertrophy due to other factors.
Likewise, intravesical US is limited in evaluating
deep invasion.

These carcinomas have a T1-weighted signal
intensity similar to that of muscle (Fig. 11.7).
T2-weighted images reveal a higher signal
intensity than normal bladder wall or fibrosis.
Tumor detection is superior with postcontrast
images, although one should keep in mind that
both cystitis and tumors exhibit early MR con-
trast enhancement.

Superficial tumor calcifications are usually
secondary to calcium salt deposition. More
central calcifications develop secondary to
tumor necrosis, although such calcifications 
are also seen in carcinosarcomas containing
osseous metaplasia or an osteosarcoma 
component.

One bladder transitional cell carcinoma
showed intense uptake of Tc-99m–hydrox-
ymethylene diphosphonate (HMDP) during
bone scintigraphy (21); uptake corresponded to
a bladder tumor containing punctate and cur-
vilinear calcifications identified by CT, and
chemisorption of urinary Tc-99m-HMDP excre-
tion probably accounted for the uptake.

A biopsy is necessary to establish the diagno-
sis; both benign and malignant tumors and
some nonneoplastic conditions overlap in their
imaging appearance. Cystoscopic tumor detec-
tion specificity and sensitivity are improved by
using laser-induced autofluorescence spectra
for guidance of suspicious lesions that are oth-
erwise difficult to detect.

Staging

The Union Internationale Contre le Cancer
(UICC) and American Joint Committee on
Cancer (AJCC) both use the tumor, node, metas-
tasis (TNM) staging system for bladder cancers
(Table 11.1). This system differentiates
superficial from infiltrating tumors. The TNM

Figure 11.7. Bladder carcinoma. Coronal T1–weighted (A) and contrast-enhanced (B) MR images reveal a mostly intraluminal, het-
erogeneous tumor (arrow). (Source: Burgener FA, Meyers SP, Tan RK, Zaunbauer W. Differential diagnosis in magnetic resonance
imaging. Stuttgart: Thieme, 2002, with permission.)

A

B
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system is used for both pretherapy staging and
postresection staging (pathologic staging).
Tumor stage is the most important predictive
prognosis factor. The presence of bilateral
ureteral obstruction affects the prognosis. Over
90% of patients with bilateral obstruction have
extravesical extension of their cancer, but
among those with unilateral obstruction a third
have disease confined to the bladder, at times
with the cancer even limited to the bladder

mucosa (22). In patients with a bladder cancer,
the presence or absence of accompanying carci-
noma in situ or epithelial dysplasia does not
seem to influence survival significantly.

Recent cystoscopic biopsy leads to confusion
because of edema and interferes with accurate
tumor staging, and it is reasonable to delay a
staging imaging study for several weeks after
biopsy.

For superficial bladder tumors clinical
staging (cystoscopy and biopsy) appears supe-
rior to MRI, but MRI is better than clinical
staging for more infiltrating tumors.

Currently CT is not sufficiently accurate in
staging bladder tumors ranging from carci-
noma in situ through tumors invading deep
muscle. Because no definite fat planes exist
between bladder and adjacent posterior struc-
tures, CT cannot readily define the invasion of
these structures (Figs. 11.8 and 11.9). Seminal
vesicles have a CT soft tissue density whether
invaded or not; an exception is the seminal
vesicle anterior surfaces, where fat angle oblit-
eration between the seminal vesicle anterior
surface and posterior bladder wall implies
tumor invasion. Computed tomography is more
accurate with more advanced tumors. Com-
puted tomography does evaluate for metastases.
Overall CT staging accuracy is only 30% to 40%
and CT changes management in only few
patients.

Table 11.1. Tumor, node, metastasis (TNM) staging of bladder
cancer

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Ta Non-invasive papillary carcinoma
Tis Carcinoma in situ
T1 Tumor invades subepithelial connective tissue
T2a Tumor invades superficial muscle
T2b Tumor invades deep muscle
T3 Tumor invades perivesical tissue
T4a Tumor invades prostate, uterus, vagina
T4b Tumor invades pelvic wall, abdominal wall

Lymph nodes:
Nx Regional nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis to single lymph node 2 cm or less 

in greatest dimension
N2 Metastasis to single lymph node larger than 

2 cm but not more than 3 cm
N3 Metastasis in a lymph node more than 3 cm 

in greatest dimension

Distant metastasis:
Mx Distant metastases cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Tumor stages:
Stage 0a Ta N0 M0
Stage 0is Tis N0 M0
Stage I T1 N0 M0
Stage II T2a N0 M0

T2b N0 M0
Stage III T3 N0 M0

T4a N0 M0
Stage IV T4b N0 M0

any T N1 M0
any T N2 M0
any T N3 M0
any T any N M1

Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.

Figure 11.8. Invasive bladder carcinoma. Computed tomogra-
phy identifies an infiltrating tumor in the left posterior bladder
wall. It was inseparable from the uterus and sigmoid colon but
invasion could not be determined. (Courtesy of Patrick Fultz,
M.D., University of Rochester.)
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Transabdominal US is seldom used to stage
bladder cancers, having been replaced by more
accurate imaging modalities. Endorectal US also
has a low accuracy, but endourethral US shows
promise in local staging of these tumors, espe-
cially for those limited to the bladder wall.
Endourethral US is useful in detecting tumors
in bladder diverticula.

Although color Doppler US detects some 
vascularity in transitional cell carcinomas, the
Doppler findings are not helpful in evaluating
tumor grade or stage, although in general, larger
and higher-grade tumors tend to be more 
vascular.

Magnetic resonance imaging has the poten-
tial for accurate bladder tumor staging,
although both CT and MR tend to overstage
more often than understage. The use of surface
coils leads to better image quality than does the
use of body coils. Endorectal coils improve visu-
alization of the bladder base and dorsal struc-
tures but are of limited use for the rest of the
bladder. T1-weighted images provide good con-
trast between hyperintense perivesical fat and
isointense bladder wall, and detects perivesical
fat invasion, spread to lymph nodes, and bone
marrow metastases; the latter are identified
against the hyperintense normal marrow. T2-
weighted images evaluate bladder wall infil-
tration and prostatic and adjacent structure
invasion, although differentiation between
tumor and edema is difficult. Using early-phase
contrast enhancement, MRI achieves relatively

high staging accuracy, especially in differentiat-
ing between superficial tumors and those invad-
ing muscle. Magnetic resonance appears
especially useful in evaluating depth of bladder
wall invasion. It thus appears reasonable to
perform MRI before resection. Postcontrast MR
reveals early tumor enhancement and appears
more sensitive and specific than precontrast
imaging. Bladder cancers begin to enhance
several seconds after the start of arterial
enhancement, which is earlier than most other
structures.

When staging for lymph node involvement,
CT and conventional MRI appear comparable.
The accuracy of MRI is very technique depend-
ent, and the results obtained with a specific 
technique do not apply to all MR scanners and
techniques. Lymph nodes have longer T1 relax-
ation times than fat and thus T1-weighted
images are useful in distinguishing nodes from
adjacent pelvic fat, although subtle findings are
better defined with postcontrast fat-suppressed
images. Separating adjacent skeletal muscle
from nodes, on the other hand, is easier on T2-
weighted images, and thus several sequences are
usually employed. In either case, CT and MRI
simply detect whether a lymph node is enlarged
or not but cannot detect whether it is infiltrated
by tumor or enlarged secondary to a benign
cause.

Bladder cancers spread to the lungs; chest
radiography is a simple screening test, at times
supplemented by chest CT. Bone scintigraphy is

Figure 11.9. Invasive bladder carcinoma. More superior (A) and inferior (B) transverse pelvic CT images show marked right-sided
bladder wall thickening (arrows). Reflux into the right ureter is evident. The cancer is extending almost to the anterior abdominal
wall. (Courtesy of Egle Jonaitiene, M.D., Kaunas Medical University, Kaunas, Lithuania.)

A B
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not commonly obtained at initial staging unless
symptoms suggest bone metastases.

Attempts have been made to evaluate bladder
cancers with positron emission tomography
(PET) using both 2-[18F]-fluoro-deoxy-D-
glucose (FDG) and other compounds, but the
results for local tumor spread are not superior
to those of more traditional imaging. Urinary
excretion of FDG limits tumor identification
from the surrounding activity. For detecting
lymph node involvement, however, PET-FDG in
patients with bladder neck carcinoma achieved
a 67% sensitivity and 86% specificity (23); these
results appear superior to those obtained with
CT or MRI studies.

Therapy

Therapy of a bleeding, nonresectable bladder
cancer is difficult. One approach is intraarterial
chemoperfusion with mitoxantrone, which in
one study controlled hemorrhage in 14 of 15
patients (24). In patients with life-threatening
bleeding, intraarterial embolization is the pro-
cedure of choice.

Resection: Resection ranges from local exci-
sion, to segmental resection, to radical cystec-
tomy. The surgical therapy adopted depends on
the extent of tumor and varies for superficial
disease and muscle-invasive disease. Noninva-
sive, low-grade cancers are often fulgurated. The
5-year survival for patients with treated bladder
carcinoma-in-situ is about 90%. Stage Ta and
some T1 cancers are resected transurethrally.
Nevertheless, because of a high rate of recur-
rence even with these tumors, additional
therapy is often instituted; surveillance cys-
toscopy results in an excellent 5-year survival.
Dysplasia or a multicentric cancer requires
resection. T1 disease, by definition, signifies
lamina propria invasion but is still considered
superficial; if treated by focal resection, recur-
rence eventually develops in almost half of these
patients and the surgeon is faced with a
dilemma in these patients between focal resec-
tion and a cystectomy.

In the United States, therapy for stage T2 to
T4 bladder cancer is generally a total cysto-
prostatectomy. Two types of ileal conduits are
constructed after bladder resection: a stomal
noncontinent ileal diversion or a continent
urinary reservoir anastomosed to either the
urethra or a cutaneous stoma requiring inter-

mittent catheterization (Kock pouch). The
ureters are anastomosed to the neobladder. In
some countries radiotherapy is preferred ini-
tially. Some stage pT2 bladder transitional cell
carcinomas are treated by conservative surgery
and iridium-192 brachytherapy.

Urinary tract diversion into the sigmoid
colon was the initial anastomosis performed
after a cystectomy until this operation was
superseded by the use of various ileal conduits.
A ureterosigmoidostomy is still encountered in
the follow-up of previously operated patients.
The complications of such diversion includes
septic reflux, anastomotic stenosis, and hyper-
chloremic metabolic acidosis.

A study of patients undergoing cystectomy
for bladder cancer found the 5-year survival for
those with tumors confined to the bladder (<T3)
to be 79%, but in patients with tumor spread
beyond the bladder (>T3) survival was only 28%
(25); from a lymph node viewpoint, 5-year sur-
vival for those with N0, N1, and N2–3 nodes was
64%, 48% and 14%, respectively.

Cystectomy is generally not considered for
tumors extending beyond the bladder wall.
Prostatic involvement is common with invasive
transitional cell bladder cancers. Transitional
cell carcinoma has a tendency to invade the 
prostatic urethra, and such invasion has a poor
prognosis. Also, intravesical chemotherapy is
ineffective in the prostatic urethra.

Bacillus Calmette-Guérin: Besides surgery,
chemotherapy and immunotherapy with BCG
are used to treat superficial bladder cancer.
After the initial resection of a superficial transi-
tional cell carcinoma, the risk of a subsequent
tumor is decreased by adding either intravesical
adjuvant chemotherapy or BCG immuno-
therapy. Some long-term studies of intravesical
chemotherapy, however, reveal a limited
decrease in tumor recurrence, and the use of
routine prophylactic intravesical chemotherapy
is questioned. BCG, on the other hand, is an
effective intravesical agent in the prophylaxis
and therapy of superficial transitional cell car-
cinoma; nevertheless, the use of BCG for Ta and
T1 cancers varies considerably.

Bacillus Calmette-Guérin is a potent immune
stimulant and exerts a direct toxic effect. Intrav-
esical instillation leads to an inflammatory and
immune cell infiltration into bladder lamina
propria. The use of BCG prophylaxis results in
less tumor recurrence than with surgical tumor
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resection. Therapy with BCG in patients with
primary bladder carcinoma-in-situ leads to
complete response in a majority of patients. It
appears to delay progression and the need for
cystectomy in high-risk patients—those with
dysplasia, carcinoma in situ, and multiple
primary tumors. Low-dose BCG therapy in
high-risk patients with stage T1, grade 3 bladder
tumors combined with transurethral tumor
resection resulted in 80% of patients respond-
ing to BCG instillation (26).

Among patients with pTa or pT1 bladder
tumors treated by transurethral resection and
intravesical BCG with 2 years of maintenance
therapy, 62% of patients were recurrence-free 
at 48 months (27); a similar group of patients
treated by transurethral resection alone and a
group treated with transurethral resection and
mitomycin C achieved recurrence-free results 
in 18% and 38% of patients, respectively. At 
42 months, 11% of pT1 tumors treated with 
BCG had progressed to invasive carcinoma,
compared to 25% of those treated by
transurethral resection alone and 21% of those
treated with transurethral resection and 
mitomycin C (27).

In a minority of patients BCG instillation
results in toxicity, and a number of complica-
tions develop. In addition to the sequelae of
tuberculous infection, tuberculous lymph-
adenitis leads to tumor overstaging. Bacillus
Calmette-Guérin therapy for superficial bladder
tumor led to epididymitis and epididymal
abscess requiring an orchidectomy (28). Tuber-
culous enteritis (29) and mycotic aneurysms
(30) have developed. In France, BCG Pasteur
strain was used previously, more recently being
supplanted by the Connaught (Toronto) strain.
Toxicity appears similar for the two strains (31).

Ultrasonography after BCG therapy reveals
hypoechoic foci in the prostate transition zone,
representing necrotizing granulomas; confusing
the issue is that bladder carcinoma invading the
prostate also appears hypoechoic, and thus
biopsies of these lesions are indicated.

Other Therapy: Some advanced bladder
cancers are treated with radiotherapy and
chemotherapy. Computed tomographic cystog-
raphy commonly identifies bladder wall thick-
ening at a tumor site after radiotherapy and
chemotherapy due to a granulomatous reaction
even without tumor recurrence. Magnetic reso-
nance angiography (MRA) appears useful in

evaluating the chemotherapy response in
patients with advanced bladder cancer. Using
persisting early contrast enhancement as a 
criterion, MRA achieves high sensitivity and
specificity in distinguishing responders from
nonresponders.

Superficial bladder tumors have been treated
cystoscopically by injecting ethanol through a
needle into the tumor base. Photodynamic
therapy for small papillary bladder cancers
achieves a response.

Interferon-a appears useful in carcinoma in
situ and primary and recurrent papillary tran-
sitional cell carcinomas, although the response
and relapse rates are inferior to those of BCG.
Intravesical recombinant interferon-a therapy
also appears useful in patients not responding
or refractory to BCG therapy. Interleukin-2 is a
potential agent in bladder cancer therapy. Even
garlic appears to inhibit cancer cell growth and
protects against suppression of immunity by
chemotherapy (32).

Microwave-induced hyperthermia is occa-
sionally mentioned for recurrent superficial
bladder tumors not amenable to transurethral
resection.

Metastasis/Recurrence

Clinical: After resection of one tumor, whether
a new bladder tumor represents a recurrence or
a new metachronous tumor is often unclear.
Findings of distinct foci of synchronous carci-
noma or carcinoma in situ argue for separate
tumors. On the other hand, the increased risk
for subsequent bladder cancers after an upper
tract transitional cell carcinoma and lower risk
of upper tract tumors after an initial bladder
cancers argues for tumor dissemination.

Most recurrence of bladder carcinoma is
detected within several years of initial surgery,
with risk gradually tapering thereafter, although
occasional metastases are detected a decade or
longer after cystectomy. Most bladder cancers
spread locally. Urethral recurrence after cysto-
prostatectomy occurs in about 5% of patients.
Following cystectomy, recurrence within an 
ileal conduit is uncommon. Some tumors 
recur in regional lymph nodes, and distant
metastases eventually develop in up to one
third. Distal metastases are most common to the
lungs, and then to the lymph nodes, bone, and
liver. Rarer sites include malignant pericardial
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effusion and brain metastases. The gastroin-
testinal tract is rarely involved, with an occa-
sional recurrence presenting as an annular
rectal tumor. An uncommon cancer spreads
intraperitoneally and results in ascites and peri-
toneal carcinomatosis. If possible, a site of
tumor origin should be determined because
transitional cell bladder carcinomas have a
worse prognosis than similar spread from the
ovaries.

Surveillance: Cystoscopy and urine cytology
are traditional surveillance examinations in 
the follow-up of bladder cancer; keep in mind
that although urine cytology sensitivity is only
about 30% to 50%, its specificity approaches
100%. Several other tests, including bladder
tumor antigen, fibrin/fibrinogen degradation
products, and nuclear matrix protein tests, are
in use to a varying degree in different countries.
The published evidence suggests that some of
them even surpass cytology in detecting recur-
rence, but their role in routine follow-up is not
clearly established and they are often employed
as ancillary tests.

The postoperative imaging approach varies
depending on the type of resection (if any). For
most superficial bladder cancers no imaging
follow-up is necessary unless additional risk
factors are present: tumor >3 cm, several tumor
foci, higher than grade I tumor, or the presence
of additional foci of dysplasia.

Follow-up imaging of invasive transitional
cell carcinomas consists of CT, chest radiogra-
phy, IV urography, and, in some centers, US. The
role of MRI is still evolving. Computed tomog-
raphy is recommended every 3 to 6 months 
initially. Because therapy causes considerable
distortion, an initial posttherapy CT study is
especially valuable to establish a baseline. Post-
therapy edema, fibrosis, and tumor recurrence
have a similar CT appearance. Edema is
identified as a diffuse increase in perivesical 
fat density. One recommendation after success-
ful bladder cancer therapy is that these patients
be followed with an IV urogram or similar
imaging study to assess for upper urinary tract
cancer, on the average every 1 to 2 years,
although some believe that subsequent studies
should be tailored to the clinical findings.

The evidence is accumulating that MRI is
more accurate than CT in detecting bladder
cancer recurrences, and a gradual shift toward
MR studies is evident. No firm guidelines 

are established. T2-weighted images are useful
in differentiating late recurrence (iso- to hyper-
intense) from residual fibrosis (hypointense).
Within 6 to 12 months after therapy, how-
ever, these differences cannot be reliably 
differentiated.

The use of US for postoperative surveillance
of bladder cancers is occasionally suggested, but
a low sensitivity limits its use.

Adenocarcinoma

Bladder adenocarcinomas are not common.
Many are primarily urachal in origin, involve
the bladder dome, and are not of direct bladder
origin, but a bladder carcinoma is in the differ-
ential diagnosis. An occasional bladder adeno-
carcinoma is associated with long-standing
irritation and has developed in a defunctional-
ized bladder. A rare bladder adenocarcinoma is
a consequence of bladder endometriosis.

A signet-ring cell adenocarcinoma or linitis
plastica of the bladder is a highly malignant
tumor having a poor prognosis. Most of these
tumors contain signet-ring cells mixed with
gland and papillary structures, at times even
foci of transitional cell carcinoma. Compound-
ing the issue is that a gastrointestinal or pro-
static metastasis is often in the differential
diagnosis, and thus a search for another
primary is often necessary. A typical imaging
appearance of a signet-ring cell adenocarci-
noma is diffuse bladder wall invasion without a
significant intraluminal component.

A hepatoid adenocarcinoma, representing
extrahepatic hepatocellular differentiation, is a
rare variant in the bladder; some of these
tumors produce a-fetoprotein.

Squamous Cell Carcinoma

In most countries bladder squamous cell carci-
nomas represents only several percent of all
primary bladder cancers, but in schistosomia-
sis-endemic countries a squamous cell carci-
noma is the most common primary bladder
cancer. In North America and Europe a squa-
mous cell carcinoma is more common in
bladder diverticula and is often associated with
chronic bladder inflammation, such as long-
standing bladder calculi or the presence of
indwelling catheters.
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A verrucoid carcinoma is a descriptive term
for a squamous cell carcinoma having a frond-
like pattern.

Computed tomography of primary squamous
cell carcinoma often shows a predominantly
extraluminal tumor component with invasion
into adjacent structures, although some are pre-
dominantly intraluminal.

Lymphoma

Primary non-Hodgkin’s lymphoma of the
bladder is rare. Hematuria is the most common
presentation, although prostatic involvement
results in outlet obstruction. An occasional
primary bladder lymphoma presents as a large
pelvic tumor. Diffuse lymphomatous involve-
ment simply thickens the bladder wall.

Magnetic resonance signal intensities from
lymphoma-involved bladder are similar to those
from adjacent lymphomatous lymph nodes.

An enterovesical fistula secondary to a non-
Hodgkin’s lymphoma is a rare complication.

Sarcoma

In adults, nonepithelial bladder malignancies
include leiomyosarcoma and rhabdomyosar-
coma; both are rare. These are aggressive,
rapidly growing tumors with early local inva-
sion. Rhabdomyosarcomas occur in both the
bladder and the prostate. A biopsy should estab-
lish the diagnosis.

Imaging features for most sarcomas overlap.
Extensive cystitis, lymphoma, and other tumors
have a similar appearance. Ultrasonography
reveals a large heterogeneous tumor. Doppler
US typically detects nonpulsatile low velocity
flow.

Sarcoma botryoides is a rhabdomyosarcoma
originating in hollow organs and growing 
primarily intraluminally in grape-like clusters.
A rare one arises from the bladder wall 
(Fig. 11.10).

Most bladder tumors in younger children are
rhabdomyosarcomas. They are more common
in boys. They tend to occur at the trigone or pos-
terior bladder wall and either infiltrate or grow
intraluminally as a lobular, irregular bladder
tumor. Superficially, an intraluminal tumor
tends to mimic blood clots. Some of these
tumors prolapse into the urethra and obstruct.
Those originating at the bladder dome can grow

intraabdominally; determining the site of origin
for some of these is difficult.

The rare bladder malignant histiocytoma 
and histiocytofibroma are aggressive sarcomas,
at times associated with a hematologic 
malignancy.

Carcinosarcoma and 
Sarcomatoid Carcinoma

Some bladder carcinomas contain a prominent
spindle cell component and are known as sar-
comatoid carcinomas. Whether these are dis-
tinct from carcinosarcomas is debated in the
pathologic literature (purists argue for distinct
tumors). Other terms for these tumors are
malignant mixed mesodermal tumor and meta-
plastic carcinoma. Whether this neoplasm is
secondary to collision of two tumors or whether
it represents separate differentiation from a
single source is speculation.

The clinical presentation is similar to that of
the more typical transitional cell carcinoma.

Among 15 patients with bladder carcinosar-
coma seen at the Mayo Clinic, the most common
carcinomatous component was a urothelial car-
cinoma, less often squamous cell carcinoma or
small cell carcinoma, while the sarcomatous
component consisted of chondrosarcoma,
leiomyosarcoma, malignant fibrous histiocy-
toma, and other types (33); during the same
time frame 26 patients were diagnosed with a
sarcomatoid carcinoma, with the tumor consist-
ing primarily of an urothelial carcinoma.

Figure 11.10. Bladder rhabdomyosarcoma in a teenage boy
with hematuria. US reveals a polypoid intraluminal tumor
(arrow). (Courtesy of Luann Teschmacher, M.D., University of
Rochester.)
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A rare sarcomatoid carcinoma originates in a
bladder diverticulum.

Both carcinosarcoma and sarcomatoid carci-
noma are highly aggressive tumors having a
similar outcome regardless of histologic
findings and treatment. These tumors metasta-
size readily and mimic other neoplasms, includ-
ing lymphoma. They have no characteristic
imaging findings. Most are large, solid, exo-
phytic tumors when first detected. Some
bladder carcinosarcomas contain calcifications
and even osseous metaplasia. The diagnosis is
suggested by immunohistochemistry.

Metastases/Invasion

Invasion from an adjacent cancer is more
common than metastasis to the bladder. Thus
prostatic carcinoma, gynecologic malignancies,
rectal and even an appendiceal carcinoma
readily invade the bladder. Some of these 
extrinsic tumors mimic a primary bladder 
carcinoma.

Coincident upper tract transitional cell carci-
nomas and bladder cancers have already been
discussed. An occasional upper tract cancer,
however, metastasizes to the bladder and is not
a second primary, although differentiation of
these is difficult. An occasional renal cell carci-
noma metastasis to the ureteral stump and
bladder is detected after a nephrectomy.

Only a few metastatic melanomas to the
bladder have been reported.

Local invasion is from the outer wall inward;
thus cystoscopy will not detect early invasion.
Computed tomography and MR evidence of an
asymmetric bladder wall thickening and
increased MR signal intensity of the involved
bladder wall segment are signs of invasion.
Eventual intraluminal extension is evident.

Small Cell Carcinoma

The rare bladder small cell carcinoma appears
to be less aggressive than a similar lung 
carcinoma. One should keep in mind that neu-
roendocrine tumors also have a small cell
appearance but are characterized by their
immunohistochemical properties; in some 
publications a distinction between small cell
carcinomas and some neuroendocrine tumors
is blurred. Histologically, these tumors also tend

to mimic lymphoma. Occasionally bladder
metastases from lung cancer has a similar
appearance. Imaging simply reveals a solid
tumor.

Most of these tumors result in hematuria.
Adding chemotherapy to radical surgery
appears to improve survival.

Neuroendocrine Tumors

The bladder trigone contains cells of neural
crest origin.

Neurofibroma

The most common genitourinary involvement
by neurofibromatosis is in the bladder.Although
an occasional single neurofibroma is detected,
more often these tumors are part of neuro-
fibromatosis type I. Only a rare bladder
neurofibroma is malignant. A trigone neurofi-
broma can obstruct an adjacent ureter.

These tumors range from a focal, well-
marginated one to diffuse infiltration by a plex-
iform neurofibroma. Some neurofibromas have
an imaging appearance similar to that of
bladder leiomyomas, although neurofibromas
often are more hyperintense on T2-weighted
images than leiomyomas.

Paraganglioma (Pheochromocytoma)

Paragangliomas are uncommon catecholamine-
producing tumors originating from chromaffin
cells in the bladder paraganglion system. They
can be multicentric. The most common location
is in the trigone, followed by the bladder dome.
Only an occasional one is malignant.

Hematuria is common. Some patients
develop atypical hypertension, including palpi-
tations, excessive sweating, paroxysmal hyper-
tension, or even a hypertensive crisis during
micturition due to release of epinephrine or
norepinephrine.

Similar to other sites, bladder paragan-
gliomas are solid, hypervascular tumors readily
detected by CT and angiography. At times selec-
tive venous blood sampling is helpful in localiz-
ing these tumors. An occasional paraganglioma
contains curvilinear calcification. Ultrasonogra-
phy shows a solid, echogenic mass containing
low-impedance flow. These tumors are interme-
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diate to hypointense on T1- and hyperintense on
T2-weighted MR images.

Long-term follow-up is necessary after resec-
tion of these tumors because recurrences or
metastases can develop years later.

Intraluminal Mass
Causes of intraluminal bladder masses not
attached to the bladder wall include blood clots,
stones, fungus balls, and foreign bodies/
bezoars.

Bladder calculi either form in the kidney and
migrate to the bladder, or form de novo in the
bladder. In certain parts of Asia and Africa
bladder stones develop in children, called
endemic bladder stones. Primary bladder
calculi develop in a setting of stasis or the 
presence of a foreign body. Most small stones
are mobile, with an occasional one adhering 
to the bladder wall due to adjacent inflam-
mation. Thickening of the bladder wall is
common. Stasis in an hourglass bladder in-
carcerated within a hernia has led to stone 
formation.

Occasionally giant bladder calculi fill al-
most the entire bladder lumen. Most of these
stones contain calcium and are relatively
radiopaque.

Bladder and urethral stones can be treated 
by ultrasonic lithotripsy, using either a tran-
surethral or a percutaneous cystolithotripsy
approach.

The most common entry site for bladder
foreign bodies is through the urethra, with the
foreign body being either self-introduced or
introduced during a transurethral surgical pro-
cedure. Items mentioned in the literature range
from bizarre household products to various
surgical instruments. A second access route is
during laparotomy or laparoscopic procedures.
Least common are foreign bodies migrating
from a site outside the bladder; these include
such foreign bodies as synthetic gum used 
to protect a surgical ureterostomy and an
intrauterine device migrating into the bladder
lumen. Shotgun pellets have been passed spon-
taneously during voiding.

Clinical presentations range from recurrent
infections to acute obstruction, depending on
the type and location of a foreign body.

Dilation/Obstruction
Bladder outlet and urethral obstruction is dis-
cussed in Chapters 12 and 13.

Prolonged bladder outlet obstruction does
lead to renal failure. An overdistended bladder
resulted in bilateral iliac vein obstruction and
bilateral urinary obstruction, and led to a pul-
monary embolus (34).

Occasionally a patient with urinary retention
has no anatomic obstruction, but “functional”
bladder neck obstruction is believed to be
responsible. Some of these patients with func-
tional obstruction have normal cystourethrog-
raphy and retrograde urethrography. The
external sphincter opens during voiding but the
bladder neck relaxes either intermittently or
inadequately.

Neurogenic Bladder
Normal bladder intraluminal pressure is less
than 10 to 15 cm of water. In general, a chronic
constant pressure of greater than about 40 cm of
water leads to bladder wall thickening, trabecu-
lations, and outpouchings.

Bladder dysfunction is classified into an
uninhibited neurogenic bladder, hyperreflex-
ive detrusor (reflex neurogenic, contractile
bladder), areflexic detrusor (autonomous neu-
rogenic, flaccid bladder), and sensory or motor
paralysis (Table 11.2).

In an uninhibited neurogenic bladder volun-
tary external sphincter contraction prevents
voiding during uninhibited voiding. As a result,
the posterior urethra is dilated to the external
sphincter level and the imaging appearance is
similar to a spinning top. These findings occur
in infants with an immature bladder and adults
with a cerebral cortical lesion (stroke, brain
tumor). In infants the imaging appearance tends
to be similar to that seen with posterior urethral
valves.

Patients with a lesion above the lower lumbar
level have detrusor hyperreflexia and develop a
trabeculated thick-walled bladder. Such a
hyperreflexive detrusor is found in patients
with multiple sclerosis and lesions inducing
spinal cord damage (trauma, tumor, syring-
omyelia). A large postvoid residue is common.
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Bladder contractions result in bladder neck
opening, but the striated external sphincter
does not open and thus bladder pressure
increases. Associated vesicoureteral reflux is
common in these patients, and if not corrected
often results in loss of renal function.

Lower motor neuron involvement leads to
detrusor areflexia. These patients develop a
large, thin-walled bladder. No detrusor contrac-
tions are evident with an areflexic detrusor. The
bladder neck remains open, external sphincter
does not constrict normally, and these patients
are incontinent.

Additional variants of a neurogenic bladder
include sensory and motor paralysis. The
former is most often found in diabetics. An
association exists between gastroparesis and
bladder dysfunction; patients with both idio-
pathic gastroparesis and diabetic gastroparesis
are affected. Presumably a similar autonomic
neuropathy is responsible for both gastric and
bladder involvement.

Motor paralysis develops in some multiple
sclerosis and polio patients. Urinary inconti-
nence and retention are common problems in
multiple sclerosis, often presenting a complex
appearance. A majority of multiple sclerosis
patients have detrusor hyperreflexia and a
minority areflexia; these patients also develop
bladder diverticula, urinary infection, hydro-
nephrosis, and reflux.

Voiding dysfunction develops in patients
with lumbar spinal stenosis. Dysfunction 
improves in some after a decompressive
laminectomy, but others continue with a poor
outcome.

A neurogenic bladder has been reported in
Wolfram’s syndrome (diabetes insipidus, dia-
betes mellitus, optic atrophy, and deafness) (35).

Autonomic dysreflexia, encountered in pati-
ents with a neurogenic bladder and similar con-
ditions, is discussed later (see Examination
Complications).

Calcifications
Bladder lumen calcifications consist of calculi
and foreign bodies. Bladder wall calcifications
include infections (schistosomiasis and tuber-
culosis), neoplasms, therapy related (radiation,
chemo-, and immunotherapy, cyclophos-
phamide, BCG, thiotepa, and mitomycin C),
phleboliths, arteriosclerosis, alkaline cystitis,
and amyloidosis. Some calcifications are readily
apparent with conventional radiography while
others are detected only with a higher radi-
ographic contrast imaging modality such as CT.

Fistula
Vesicovaginal
Common causes of vesicovaginal fistulas are
prior gynecologic procedure, such as hysterec-
tomy, and, in rural North Africa, obstetrical
trauma (36). Less common etiologies include
adjacent neoplasms and radiation therapy.

Cystography is the procedure of choice to
detect these fistulas. A vaginogram is less often

Table 11.2. Summary of neurogenic bladder dysfunction

Uninhibited External
Bladder Initiate Inhibit Bladder bladder sphincter Bladder

Type sensation voiding voiding capacity contraction dyssynergia contour

Uninhibited + + - Ø + ± Smooth or
neurogenic trabeculated

Reflex neurogenic - - - Ø + + Trabeculated

Autonomous - - - ≠ - + Smooth or
neurogenic trabeculated

Sensory paralytic - + + ≠≠ - - Smooth

Motor paralytic + - - ≠ - ± Smooth
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diagnostic. In distinction to enterovesical
fistulas, the presence of gas within the bladder
is uncommon with a vesicovaginal fistula.

Enterovesical
The most common cause of enterovesical
fistulas in adults is sigmoid diverticulitis. Less
often encountered are colon and bladder malig-
nancies, Crohn’s disease, pelvic radiation,
trauma, and infection by actinomycosis, tuber-
culosis, lymphogranuloma venereum, or an
adjacent abscess, such as neglected appendicitis.

Indirect signs of a fistula include gas within
the bladder and an irregular outline to the
bladder wall. With some fistulas cystoscopy is
noncontributory.

A suspected fistula is studied by cystography
or barium enema; either study demonstrates
most fistulas, although occasionally only one or
the other outlines a fistula. A rare clinically sus-
pected fistula is not detected with imaging;
some of these become evident a week or so later.
As a last resort, the Bourne test should be 
considered; following a nondiagnostic barium
enema, a horizontal x-ray beam radiograph is
obtained of a centrifuged urine sample. The
sample may contain sufficient barium to be
visible on the radiograph. The need for a Bourne
test is rare and it is now mostly of historical
interest.

Computed tomography and MRI outline
some bladder fistulas. Gadolinium-enhanced
T1-weighted MR images are superior in
showing a fistula compared to precontrast
images. If a fistula is accessible, contrast injec-
tion into the fistula and fistulography or MRI
should define it.

Occasionally Tc-99m–diethylenetriamine
pentaacetic acid (DTPA) renography shows
radioactivity in the sigmoid colon with an
enterovesical fistula.

Uterovesical
These fistulas are rare. In a collection of five
uterovesical fistulas all were secondary to a
prior cesarean section and all presented with
intermittent hematuria (37); hysterosalpingog-
raphy revealed some of these fistulas. In another
collection of 10 such fistulas, 60% were second-
ary to cesarian section and 40% to prior abnor-

mal delivery (38). Not all manifest with vaginal
urinary leakage; an occasional one results in
hematuria.

Diverticula
Bladder diverticula form when mucosa 
herniates through overlying muscle. A purist
would thus describe them as pseudodiverticula,
a term not generally used. Some diverticula
have smooth muscle fibers within the wall.
Fibrosis develops in some secondary to chronic
inflammation. Diverticula may be single or mul-
tiple, small or large. Most diverticula have a
wide neck. At times a diverticulum is larger 
than the remainder of the bladder. Very large
diverticula tend to have a relatively smooth
outline.

Diverticula may be primary developmental in
origin or acquired secondary to another 
abnormality. An increased prevalence occurs in
patients with Ehlers-Danlos syndrome and
prune belly syndrome. They develop because of
outflow obstruction, stasis, or prior surgery. An
occasional one is associated with urinary reten-
tion or undergoes spontaneous rupture.

Diverticula close to the ureterovesical junc-
tion were described by Hutch in patients with 
a neuropathic bladder. These diverticula are
believed to develop due to weakening of the
detrusor muscle in this region and are associ-
ated with vesicoureteral reflux. If the ureter
inserts into a diverticulum, the appearance
mimics a ureterocele. Or, a Hutch diverticulum
simply obstructs an adjacent ureter by its 
bulk.

A bladder diverticulum can be diagnosed by
US if a communication with the main bladder
lumen can be identified. Ultrasonography
reveals an occasional bladder diverticulum as a
complex pelvic tumor apparently separated
from the bladder, leading to diagnostic 
confusion.

Endoscopic therapy of bladder diverticula
has been performed with varying success.

The prevalence of neoplasms within a
bladder diverticulum is greater than in a normal
bladder, probably because of chronic inflamma-
tion and stasis. The most common neoplasm is
a transitional cell carcinoma. Occasionally a
sarcoma, squamous cell carcinoma, or even an
adenocarcinoma develops in a diverticulum.
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Most malignancies are detected late and are
associated with a poor prognosis.

Ultrasonography reveals a diverticular neo-
plasm as an intraluminal, hyperechoic, non-
shadowing tumor that does not change with a
change in patient position.A cystogram may not
detect the diverticulum, and a diverticular
tumor is thus missed. Computed tomography
and MRI outline an intraluminal soft tissue
tumor. An MRI in oblique planes can identify
the diverticular neck and establish that a tumor
is indeed within the diverticulum. Localized
tumor infiltration is seen as focal diverticular
wall thickening. Occasionally associated calcifi-
cations are detected.

Herniation
Clinical
A cystocele is a bladder hernia, although many
authors use this term in a narrower sense to
describe bladder prolapse into the vagina. In
women, a common type of cystocele consists of
an abnormal bulge by the bladder into the 
anterior vaginal wall due to weakness in the
pubocervical fascia. The appearance of such a
cystocele, with bladder outline below the sym-
physis pubis, is familiar to most radiologists.
These cystoceles become more prominent with
the patient upright. Many are associated with
generalized pelvic floor laxity and stress incon-
tinence (incontinence is discussed in the next
section).

In men, a common site for bladder hernias is
into the inguinal canal; in women, femoral canal
hernias are more common. In men most
inguinal hernias are direct and more often on
the right.

Unless large or obstructed, most bladder
hernias are asymptomatic. Some men have two-
phase micturition that improves when pressure
is exerted on the scrotum. Clinically, some men
with a bladder hernia are suspected of prosta-
tism but no bladder outlet obstruction is found.
Complications include bladder incarceration or
even infarction in a strangulated hernia. A
massive inguinoscrotal bladder hernia can lead
to acute renal insufficiency.

Complete bladder inversion through the
urethra is very rare (39); a cystogram through

an orifice posterior to the extruded mass
yielded a bladder volume of 20 mL.

Imaging
A bladder groin hernia, regardless of type, is
identified by IV urography or cystography; in
some patients a hernia becomes evident only
when they are upright or prone, or if a delayed
radiograph is obtained. With suspicion of a
bladder groin hernia, video urodynamic
imaging with the patient standing is helpful.
The presence of lateral displacement of the
distal ureter, a small visualized bladder volume,
and incomplete bladder base visualization
suggest a bladder hernia. Most appear as wide-
mouthed bladder protrusions into the inguinal
region. Bilateral inguinal bladder hernias are
not uncommon.

Technetium-99m–methylene diphosphonate
(MDP) bone scintigraphy detects a bladder
groin hernia through increased inguinal region
activity that changes with a change in patient
position. Bone scintigraphy will also detect
bladder herniation into the scrotum.

Incontinence
Urinary incontinence is considerably more
common in women, and most incontinence
classifications pertain to women.

Women
Clinical

Urinary incontinence is related to pelvic organ
prolapse and other pelvic floor abnormalities
and is discussed in more detail in Chapter 12. In
young girls presenting with incontinence, an
ectopic ureter inserting below the urethral
sphincter or even into the vagina should be 
suspected.

Urinary incontinence is traditionally divided
into three subtypes: stress, urge, and mixed.
Stress incontinence occurs in a setting of
increased intraabdominal pressure and insuffi-
cient urethral resistance. Urge incontinence
consists of an inability to inhibit bladder con-
tractions. At times urge incontinence is precip-
itated by coughing or straining and the two
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types of incontinence overlap. Mixed inconti-
nence is common and probably consists of
several variants. Most classifications are based
on stress incontinence, although some women
with urge incontinence or a mixed type are 
also undoubtedly included. One classification 
sof stress urinary incontinence is based on
endorectal US findings of urethral hypermobil-
ity, bladder neck incompetence, intrinsic ure-
thral sphincter incompetence, and whether a
cystocele is present or not. At times the urethral
sphincter does not function normally because
of prior surgery and fibrosis or a spinal cord
lesion.

Urethral hypermobility results in an excessive
change in urethral axis with straining and 
leads to urinary incontinence. Senior radiolo-
gists probably remember performing chain 
cystograms to help detect stress incontinence,
a study that has been supplanted by newer
imaging modalities.

Imaging

Voiding cystourethrography (VCUG) has been
used to evaluate stress incontinence, yet this
examination appears to be of limited value. It
detects less than two-thirds of stress inconti-
nence; false positives include women with
detrusor instability and urge incontinence.
Previously taught measurements of posterior
vesicourethral angle change, urethral descent,
urethral inclination and presence of a urethro-
cele on straining, detected on a VCUG, have
been questioned in their ability to predict stress
incontinence, yet some of these findings are now
being resurrected with MRI studies.

Perineal US can be performed after injecting
a hyperechoic contrast agent transurethrally.
With the patient upright, contrast outlines the
inferior part of the bladder. Stress incontinence
is associated with the presence of a cystocele,
a funnel-like opening of the proximal urethra,
an increase in the retrovesical angle, and
bladder neck descent. By evaluating bladder
neck mobility relative to the symphysis pubis,
perineal US achieved a sensitivity of only 
78% and a specificity of 77% in detecting stress
incontinence (40), and the authors concluded
that perineal US is not sensitive enough to 
be used for predicting stress incontinence.
Nevertheless, perineal US appears superior to
the lateral view chain urethrogram if bladder

neck mobility is studied during a Valsalva
maneuver.

Depth and width of proximal urethral dila-
tion during coughing and Valsalva maneuver
are readily assessed by perineal US. Bladder
neck descent occurs both in continent and
incontinent women. The urethra dilates during
coughing and Valsalva maneuver both in incon-
tinent and some continent women and dilation
per se does not imply incontinence.

An alternative technique is endorectal US in
a standing position, the bladder filled with
saline, and the test performed at rest and during
a Valsalva maneuver; those with stress inconti-
nence have a larger pubovesical angle during
both resting and straining than controls;
however, considerable overlap exists. Endorectal
US shows the midurethral cross-sectional area
to be significantly smaller in women with stress
incontinence than in those without, a difference
due to a significantly smaller peripheral striated
muscle component in those with stress inconti-
nence (41); this peripheral striated muscle sur-
rounded the urethra completely in 36% of
women without stress incontinence, but only in
5% of those with severe incontinence. The ure-
thropelvic ligament thickness was significantly
thinner in those with stress incontinence.
The clinical application of these findings in 
formulating therapy remains to be established.

Endovaginal US measures the distance from
the bladder neck to the symphysis pubis.
Various displacement criteria with and without
stress have been suggested to detect urinary
stress incontinence, none achieving popularity.

Magnetic resonance imaging is acquiring a
primary role in evaluating stress incontinence,
although technical limitations exist with hori-
zontal bore MR units; ideally, the study should
be performed with the patient in the upright
position. Sagittal T2-weighted MRI identifies a
cystocele as a posteriorly bulging bladder into
the vagina. High resolution endovaginal MR
provides detailed dynamic pelvic floor visuali-
zation during straining when using T2-
weighted single-shot fast spin echo (FSE)
sequences without contrast. Levator ani thin-
ning is associated with stress urine incontinence
(42). Varying degrees of protrusion, including
prolapse, are identified. Stress incontinence is
associated with a greater vesicourethral angle
and larger retropubic space than found in con-
tinent women. Both bladder floor descent and
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cervical descent is greater in incontinent than in
nulliparous women, but symptoms do not
always correlate with the amplitude of bladder
floor descent (43).

Therapy

A vesicourethropexy (Marshall-Marchetti oper-
ation) has a high early postoperative success
rate, which decreases with time. Postoperative
imaging identifies an elevated bladder base. A
similar bladder elevation is also occasionally
seen due to large degenerative bony spurs at the
symphysis pubis.

A number of bulking agents, including autol-
ogous fat, polytetrafluoroethylene, and bovine
collagen have been injected to treat stress incon-
tinence but most are associated with either side
effects or limited long-term results. Periurethral
collagen (glutaraldehyde crosslinked bovine
collagen) injection has become popular therapy
for symptomatic urinary stress incontinence
since gaining United States Food and Drug
Administration approval. The agent is injected
under local anesthesia. It appears to be bio-
compatible with little evidence of a foreign-
body or immunologic reaction. Collagen is
partially reabsorbed within several years. A
follow-up of 24 months after periurethral colla-
gen injection in women with severe urinary
incontinence resulted in a continent rate of
33%, with 39% improved and 28% considered 
to be failures (44). Complications include
urinary urgency and incontinence, at times irre-
versible, hematuria, and urinary retention.
Urinary tract infection after collagen injection
is uncommon.

Comparing posttherapy transvesical and
endovaginal US, the endovaginal approach
reveals collagen in more patients; collagen is
identified as circumscribed masses at the
bladder base having varying echogenicity.
Magnetic resonance imaging identifies collagen
as hyperintense foci within the urethral wall;
neither visualized collagen volume nor its posi-
tion are related to clinical outcome.

Periurethral silicone implants in women with
intrinsic sphincter deficiency resulted in a sub-
jective success rate of 80% at 6 weeks and 60%
at 1 year (45).

Implantable microballoons have also been
used as therapy for female urinary incon-

tinence. These consist of self-detachable cross-
linked silicone balloons and a biocompatible
filler material. This technique is most effective
in treating intrinsic sphincter deficiency.

Men
Continence after prostatectomy is maintained
by an intact sphincter. Urinary stress inconti-
nence after prostatectomy is generally due to
sphincter dysfunction, such as scarring or
decreased contractions, findings evaluated with
endourethral US.

Transurethral collagen injection is used to
treat urinary incontinence after radical prosta-
tectomy. Collagen injection in men with incon-
tinence result in a low continence rate: 20% to
24% in several studies; the success of the cure
by collagen injection is influenced by the sever-
ity of the pretreatment incontinence, detrusor
overactivity, and other factors. Endorectal US in
men after collagen injection reveals hypoechoic
masses adjacent to the bladder.

Children
Urinary incontinence is a common pediatric
urologic problem. In infants the reflex-
controlled bladder matures to normal bladder
function during the first several years of life as
the bladder sphincter grows and central
nervous control of micturition matures. Suffi-
cient anatomic maturation is necessary before
neurologic control is established.

Collagen injection for incontinence has
achieved mixed results in children. One study
reported that 5% of children became continent
and 25% improved, and the authors questioned
the high collagen injection cure rates previously
reported for urinary incontinence in children
(46).

Immunosuppression
Acute hemorrhagic cystitis is occasionally
reported after a kidney transplant, probably due
to an adenovirus infection.

Immunosuppressed renal transplant patients
are more prone to developing a bladder lym-
phoma than the general population.
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Postoperative Changes
Bladder Augmentation
Enterocystoplasty, or bladder augmentation,
increases bladder capacity in patients with a
small bladder volume. Usually a loop of small
bowel is used (ileocystoplasty), but sigmoido-
cystoplasty is also employed. Gastrocystoplasty,
ureterocystoplasty, and seromuscular aug-
mentation are less common techniques, with
various artificial materials still in the realm of
experimentation.

Especially with a neurogenic bladder, entero-
cystoplasty leads to a decrease in intravesical
pressure and less vesicoureteral reflux. This pro-
cedure is also performed in children with renal
transplantation who have bladder dysfunction.

Some patients develop bowel dysfunction
after enterocystoplasty; for unknown reasons
such dysfunction appears to be more prevalent
after enterocystoplasty performed for detrusor
instability.

An occasional neoplasm develops years after
enterocystoplasty. A tubulovillous adenoma was
found in the cecal segment after a cecocysto-
plasty. Anecdotal reports describe ileal adeno-
carcinomas and even squamous cell carcinoma
in an augmentation, at times decades later. An
occasional such cancer is discovered during
investigation of an elevated carcinoembryonic
antigen (CEA) level.

Continent Urinary Diversion (Pouch)
A continent urinary diversion results in a cuta-
neous stoma and avoids an external device.
Intermittent catheterization is required with
these pouches. The Koch pouch consists of an
ileourethral reservoir. Transection of the ileal
antimesenteric border and folding of the ileal
segments abolishes peristalsis, which would
result in incontinence. The Mainz pouch con-
sists of a low-pressure rectosigmoid reservoir.
The bowel is opened along its antimesenteric
border and a side-to-side anastomosis is per-
formed. The Indiana pouch uses an isolated
right colon as a reservoir, the ileocecal valve as
a continent mechanism, and terminal ileum as
a conduit. A risk of malignancy in the colon
reservoir exists, but this risk is less than in pre-

viously used ureterosigmoidostomy where fecal
and urinary systems were combined.

The appendix is occasionally used as a
urinary conduit or an outlet during urinary
reconstruction for a continent reservoir. Even a
Meckel’s diverticulum has been used as a conti-
nence mechanism.

Ureteroenteric anastomotic strictures after
an ileal conduit urinary diversion have been
successfully treated with expandable metallic
stents.

An occasional neoplasm has developed in a
continent ileostomy but the incidence of these
is low.

Orthotopic Bladder Reconstruction
Orthotopic bladder reconstruction is per-
formed for muscle invasive bladder cancer, pro-
vided the prostate and urethra are not involved.
After cystectomy either a colon segment or,
more often, an ileum is used as a bladder 
substitute and anastomosed to the urethra.
This procedure is an alternative to a cuta-
neous urinary diversion. Two currently used
procedures are the Hautmann and Studer
modifications. These neoileal bladder replace-
ments use an ileal segment and provide an
antireflux mechanism.

The Hautmann ileal neobladder consists of
a detubularized, low-pressure, high-capacity
reservoir constructed from ileum, without
valves, and anastomosed to the urethra. Urody-
namic imaging shows this neobladder to have a
capacity similar to that of a normal bladder, a
pressure of <30 cm water, and no reflux. Initially
the prostatic urethra was resected to establish 
a safe resection margin, and this operation was
performed only in men. Currently, however,
both a radical cystectomy and a bladder neck-
sparing cystectomy, together with an orthotopic
ileal neobladder anastomosed to the proximal
urethra, are also performed in women (47); the
position of the urethral resection line does
affect the incontinence rate and the need for
intermittent catheterization. Continence is
achieved by most men and women.

Neobladder-related complications include
abscess, urinary leakage or fistula, ureteral and
urethroileal stenosis, and venous thrombosis.
An occasional patient develops calculi. Fistulas
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are mostly a complication of combined irradia-
tion and orthotopic bladder replacement.

Postoperative upper tract surveillance is with
IV urography, CT, and renal US. Postcontrast
MRI should reveal normal renal enhancement
and visualize the neobladder. Also, MRI pro-
vides renal function data similar to that
obtained with scintigraphy. Dynamic digital
urography using serial image acquisition after
bolus contrast injection is a novel way of study-
ing orthotopic ileal neobladders (48), but this
technique is not widely practiced.

Postoperative surgical anatomy after ortho-
topic bladder reconstruction can be evaluated
with 3D CT (virtual endoscopy); while such
imaging is useful if reoperation is required, its
need on a routine basis is not established.

Postoperative Complications
Urinary tract damage occurring during various
gynecologic laparoscopic procedures includes
bladder perforation, ureteral injury, and bladder
fistula. The prevalence of these complications
after major laparoscopic gynecologic surgery is
probably similar to that seen after standard
surgery.

Leak

Anastomotic leakage is a recognized complica-
tion of urinary tract reconstructive surgery

(Fig. 11.11). The most common site is at the ure-
throenteric anastomosis. A majority of leaks are
extraperitoneal in location; it is the intraperi-
toneal pouch leaks that are more difficult to
detect with imaging. A number of leaks are
delayed.

Catheter drainage or stenting as appropriate
is therapeutic for most leaks.

Stones/Stricture

Patients with an enterocystoplasty or continent
diversion are at risk for stone formation and
ureterointestinal stricture. Patients with a con-
tinent diversion are more prone to developing
stones than those with an augmentation or a
substitution cystoplasty.

Surgical treatment of ureterointestinal stric-
tures consists of open ureteral reimplantation.
Percutaneous antegrade dilation is a viable
alternative in some patients, but is plagued by a
low success rate and recurrent restenosis.

Dilated ureters are common in patients with
a neobladder, and it is difficult to differentiate
between partial obstruction and dilation due to
reflux and other causes. An IV urogram with
furosemide is occasionally helpful in such a sit-
uation. Furosemide normally results in good
contrast flow distally once renal pelves are
opacified; on the other hand, increased renal
pelvis and caliceal dilation and the lack of con-
trast washout during such diuresis imply an
obstruction.

Figure 11.11. Bladder leak after subtotal cystectomy and neobladder formation. A: CT cystogram identifies contrast in the bladder
and extravasation posteriorly (arrow). B: Extravasation also extends to the left, adjacent to bowel (arrow). (Source: Titton R, Gervais
DA, Hahn PF, Harisinghani MG, Arellano RS, Mueller PR. Urine leaks and urinomas: diagnosis and imaging-guided intervention.
RadioGraphics 2003;23:1133–1147, with permission from the Radiological Society of North America.)

A B
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Malignancy

A low but increased risk of cancer exists after
various uroenteric anastomoses, generally
beginning a decade or more after surgery. These
range from adenocarcinoma to transitional cell
carcinoma and squamous cell carcinoma. A 
reasonable approach is to recommend routine
annual surveillance beginning about 10 years
after the initial surgery.

Other Complications

An ileoileal intussusception is an uncommon
complication of bladder augmentation. Com-
puted tomography and MR should detect this
complication.

An autostapler is often used when bowel is
interposed in the urinary tract, with the metal-
lic staples buried beneath the intestinal mucosa.
A staple expressed into the bladder lumen acts
as a nidus for subsequent stone formation.

An occasional patient with portal hyperten-
sion develops massive bleeding from ileal
conduit peristomal varices; such bleeding can
be controlled with transjugular intrahepatic
portosystemic shunt (TIPS).

Examination Complications
Cystography
Rupture/Extravasation

Extravasation of contrast or even frank perfora-
tion is one of the complications of cystography.
Typically a tear occurs during filling of an
unused or partially used bladder. Patients with
chronic renal failure appear to be at increased
risk. Although rare, an indwelling catheter is
associated with a bladder perforation; occasion-
ally a Foley catheter occludes the bladder outlet
and results in greater pressures than normal.
Nevertheless, extravasation also occurs in
patients with no known underlying risk factors.
The most common site is lateral to the trigone,
close to the ureteral insertion.

Some patients develop intramural intravasa-
tion, while others have frank bladder wall
rupture. Many of these patients remain 
asymptomatic. Cystoscopic findings range from
isolated mucosal tears and diffuse mucosal
hemorrhage to frank rupture.

Many extravasations resolve without therapy,
aside from maintaining a low luminal pressure.

Autonomic Dysreflexia

In patients with previous spinal cord injury,
imaging studies leading to bladder or colonic
distention should be approached cautiously.
Autonomic dysreflexia is caused by spinal cord
lesions above the T6 level. It is not an uncom-
mon complication in patients with a cord lesion
who are undergoing manipulative urologic 
procedures such as cystography or voiding 
cystourethrography. It is also occasionally
encountered with a barium enema or similar
procedures. It is induced by overstimulation of
a-adrenergic fibers in the bladder neck. With a
rise in intravesical pressure the bladder neck is
stretched and a-adrenergic receptors excrete
norepinephrine. Elevated circulating norepi-
nephrine level leads to peripheral arterial 
constriction and hypertension. Normally this
peripheral arterial constriction is countered by
splanchnic vessel dilation, but with a spinal cord
lesion above T6 no reflex portal vessel dilation
occurs. The resultant hypertension stimulates
the carotid sinus, and aortic arch baroreceptors
which result in bradycardia and vasodilation
above the cord injury level. Impulses originat-
ing from stretched bladder or colon afferent
sensory nerve endings ascend to the point of
spinal cord injury and initiate the release of
sympathetic motor impulses in efferent tracts,
leading to sympathetic hyperreflexia and spasm
and vasoconstriction below the level of injury.
Clinically, both systolic and diastolic hyperten-
sion, bradycardia, nausea, abdominal pain and
redness, and profuse sweating of the head and
neck develop. It can be life-threatening.

In patients with a spinal cord lesion, constant
blood pressure monitoring should be consid-
ered during manipulative radiologic procedures
so that the onset of this syndrome is detected in
its early phase; generally terminating the proce-
dure and bladder drainage resolves the hyper-
tension. Therapy of autonomic dysreflexia
differs from treatment of typical contrast reac-
tions; namely, treatment is to remove the incit-
ing cause and treat the hypertension, if still
present. Occasionally hypertension persists
even when the inciting stimulus is removed, and
fast-acting antihypertensive therapy may be
necessary. If needed, patients at risk for auto-
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nomic dysreflexia can be premedicated with a-
blocking agents prior to the procedure.

Catheter Related
The balloon of a chronic indwelling catheter
may not deflate. An attempt at bursting the
balloon should minimize the possibility of
leaving any catheter fragments in the bladder.
An in vitro study comparing the results of a
needle technique, overinflation, instillation of
ether, and using a stylet through the inflation
channel found that a needle technique achieved
the best results with the fewest fragments (49).

A knot can form during catheterization of a
continent stoma and lead to acute urinary reten-
tion. Similar catheter knotting within the
bladder is a complication of cystourethrogra-
phy; some of these knots can be untied using a
stiff guidewire.
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Technique
Hysterosalpingography
Conventional

The gold standard in evaluating tubal patency 
is laparoscopy, although in many institutions 
hysterosalpingography is commonly used. In
developed countries hysterosalpingography is
performed with fluoroscopic visualization; in
others, where fluoroscopic equipment often
does not exist, a delayed anteroposterior image
after contrast instillation is an alternative.

The primary application of hysterosalpingog-
raphy is in evaluating infertility. This examina-
tion is readily performed by most radiologists,
does not require anesthesia, and side effects and
complications are uncommon, with the major
complication being pelvic infection. The indica-
tions for this examination have decreased con-
siderably, and the current major indication is to
determine whether fallopian tubes are patent or
not. It has been supplanted by magnetic reso-
nance (MR) in evaluating most müllerian duct
anomalies. This examination does not evaluate
well the fimbriated fallopian tube ends and
external structures. A lack of intraperitoneal
contrast spill does not establish tubal obstruc-
tion; spasm, mucous plugs, and technical factors
in performing the study also result in non-
spillage. Thus in one study only 84% of the 
nonpatent tubes at hysterosalpingography 
were obstructed at perioperative salpingoscopy
(1).

A number of studies have commented on an
increased pregnancy rate after hysterosalpin-
gography. The choice of a water-soluble versus
an oil-soluble contrast agent in performing 
hysterosalpingography does not affect the 
subsequent rate of term pregnancy (2).

Other Imaging Techniques

Selective catheterization of the fallopian tubes
(selective salpingography) is useful if hystero-
salpingography reveals a blocked tube and
further intervention is contemplated. If needed,
a guide wire is inserted through the tube and a
catheter is advanced into the tube.At times a fal-
lopian tube believed to be obstructed will be
shown to be patent with this technique.

Endovaginal ultrasonography (US) during 
air and saline instillation into the uterus also
evaluates tubal patency (variously called sonos-
alpingography, hysterosalpingosonography, and
similar names). The use of B-mode US and
Doppler US to assess tubal flow of a contrast
agent and thus establish tubal patency have
been proposed, but with limited success.

A liquid containing air bubbles, such as agi-
tated saline or one containing human serum
albumen, can be used as a contrast agent during
sonographic hysterosalpingography. Fluid and
air bubbles are seen in the cul-de-sac if the 
fallopian tubes are patent. These procedures 
are similar to hysterosalpingography except that
endovaginal US is used.
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In a woman with a contraindication to
iodine-based contrast, tubal patency can be
established by magnetic resonance imaging
(MRI) after infusing gadolinium–diethylenetri-
amine pentaacetic acid (Gd-DTPA); the pres-
ence of contrast material in the peritoneal cavity
implies tubal patency.

Anecdotal hysterosalpingoscintigraphy using
technetium-99m (Tc-99m)–macroaggregated
albumin (MAA) has been reported.

Computed Tomography
Pelvic CT is commonly used to evaluate gyne-
cologic disease. Computed tomography is 
especially useful in staging malignancies. An
occasional false-positive diagnosis of malig-
nancy does occur, and among other entities it
includes pelvic actinomycosis, chronic appen-
dicitis, and even an ectopic pregnancy.

Ultrasonography
A number of terms describe US of the female
pelvic structures: sonography, sonohysterogra-
phy, hysterosonography, vaginosonography,
transvaginal echography, and other similar
terms are used. Saline may or may not be
instilled into the uterine cavity prior to scan-
ning. The examination is performed either
using a transabdominal approach or the probe
is positioned in the vagina, uterus, or rectum.
Ultrasonography during surgery uses a sterile
intraabdominal probe.

For consistency, the terms transabdominal,
endovaginal, and endorectal US are used here.
Whenever intrauterine saline is instilled it is
specifically mentioned. Unless Doppler is men-
tioned, the examination involves conventional
US.

Intraoperative US is useful in guiding difficult
dilation and curettage (D&C). Endovaginal
sonohysterography aids some operative intra-
uterine biopsies and resections, although its
effectiveness compared to hysteroscopy is not
known.

Transabdominal US provides a general over-
view of the pelvis. It is limited in obese patients.
Endovaginal US allows the use of higher fre-
quency transducers and thus has better resolu-
tion than a transabdominal approach, but it has
a limited field of view, especially of large tumors.

The two studies are therefore complementary
and at times both need to be performed.

Endovaginal US is generally considered more
specific in detecting adnexal and ovarian dis-
orders than transabdominal US. In women with
postmenopausal bleeding, endovaginal US
improves clinical diagnostic accuracy and the
certainty of diagnosis. Both conventional and
Doppler US are feasible. No definite contra-
indication to endovaginal US exists. A three-
dimensional (3D) endovaginal US technique is
employed in some centers; whether it provides
any advantage over the current 2D techniques
remains to be established.

The terms sonohysterography and hys-
terosonography are generally used to indicate
that the uterine cavity has been distended with
fluid, usually sterile saline. It then should be
qualified whether the examination is performed
transabdominally or endovaginally. Sterile
saline injected into the uterine cavity acts as a
sonographic window for endovaginal US. Such
scanning achieves higher resolution than is
obtainable with conventional endovaginal US. A
number of publications have reported sensitiv-
ities and specificities of over 95% for this tech-
nique in detecting intracavitary lesions, and this
technique has gained wide acceptance. Yet a
word of caution is in order about this procedure:
A risk of intraperitoneal malignant cell dissem-
ination exists in a setting of endometrial cancer.
In an elegant study of infusion sonohysterogra-
phy using 10 to 20 mL of saline performed when
the abdomen was open but prior to the start of
a surgical procedure, fluid spilled from the fal-
lopian tubes was shown to contain malignant
cells (3). Whether the use of sterile water rather
than saline to lyse free tumor cells is helpful
remains to be established.

Intrauterine US has a higher sensitivity and
specificity than an endovaginal approach in
detecting uterine abnormalities. Some authors
have suggested that intrauterine US might
replace hysterosalpingography for uterine
study. This may be so, although part of the
reason may be the poor study quality of much
of hysterosalpingography, especially with digital
filming—gross contrast-filled uterine images
provide no intrauterine details.

The indications for intrauterine US are 
not yet settled, but it appears to have a role
between that of hysterosalpingography and 
hysteroscopy.
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Endovaginal Doppler US measures blood
flow velocity in uterine arteries and both a resis-
tive index (RI) and pulsatility index (PI) are
readily calculated. From a simplistic viewpoint,
flow with a high PI is common with a benign
tumor, while a low PI value suggests a malig-
nancy. These indices are used together with
other imaging findings.

The uterine arteries are assessed using a
transperineal approach. No significant differ-
ences in PI should be detected between the
transperineal and endovaginal routes. Likewise,
no differences should be evident between
endovaginal color Doppler imaging and color
Doppler energy in assessing ovarian blood flow
or detecting tumors.

Few studies have evaluated the role of
laparoscopic US. In women undergoing both
endovaginal US and laparoscopic US, the 
latter revealed additional morphologic detail,
better defined the adnexal masses, and 
detected more adnexal lesions than endovaginal
US (4).

Magnetic Resonance Imaging
Magnetic resonance has evolved into the
imaging modality of choice for the study of the
female pelvis. The relatively high cost of MRI is
generally cited as the reason it is currently not
used more often as a screening examination.
Nevertheless, a number of studies have con-
cluded that MRI is superior to CT and US in
evaluating neoplasms and other gynecologic
conditions, and future MR application in gyne-
cologic disorders will undoubtedly increase.
Magnetic resonance imaging is useful in 
women with primary amenorrhea both to
detect congenital anomalies and as an aid 
for surgical planning. It provides the best results
if the protocol is tailored to a specific question
to be answered. Aside from possible screening,
the trend is away from set generalized protocols.
Endovaginal and endorectal coils are used 
only if advantageous for a specific question.
Coronal T2-weighted images are very useful,
especially in uterine evaluation. In particular 
for cystic lesions, fluid signal intensity is often
expressed relative to the signal intensity of
urine.

Magnetic resonance hysterography using
saline injection has been proposed, but similar

to US, a possibility of intraperitoneal malignant
cell dissemination exists in a setting of endo-
metrial cancer.

One limitation of pelvic MRI is the lack 
of contrast differentiation between bowel and
adjacent soft tissue structures. Prior adminis-
tration of an oral contrast agent is helpful. Pos-
itive oral contrast agents are commonly used,
although a negative agent tends to identify
bowel wall and adjacent structures better.A sus-
pension of superparamagnetic iron oxide par-
ticles (a negative oral contrast agent) shows
promise in differentiating bowel loops from
adjacent structures. Intravenous contrast-
enhanced MRI visualizes normal ovarian and
uterine anatomy. The uterus normally enhances
several seconds before the cervix. Some studies
suggest that T2-weighted images are superior to
postcontrast T1-weighted images in evaluating
both normal and abnormal pelvic structures,
although most investigators believe that con-
trast-enhanced MRI is superior to precontrast
MR in characterizing and differentiating pelvic
tumors.

Magnetically labeled water perfusion imag-
ing is a possible noncontrast technique for 
evaluating uterine blood flow. The use of short
inversion delay times reveals the uterine artery
dividing into its branches (5); longer inversion
delay times reveal intracervical branching, fol-
lowed by tissue enhancement.

Proton MR spectroscopy, although in clini-
cal use in evaluating brain tumors, is rarely
employed in gynecologic practice. This spectro-
scopic technique detects tumor metabolites,
provided that a tumor is sufficiently large to be
imaged. Single-voxel proton MR spectroscopy 
of pelvic tumors identifies a characteristic
lactate signal in both malignant and some
benign tumors (6); a signal from choline-
containing compounds was detected only in
solid tumors. The presence of lactate signifies
anaerobic glycolysis.A high lipid peak is evident
in tumors containing a high fat content, such as
dermoid cysts.

Scintigraphy
Pelvic scintigraphy occasionally detects a
hypervascular uterus. In general, such a blush
represents increased uterine vascularity during
the secretory and menstrual phases; a similar
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blush during earlier phases should be consid-
ered abnormal.

Carbon-11-methionine is used as a positron
emission tomography (PET) tracer. Preliminary
studies suggest that benign or borderline malig-
nant ovarian neoplasms do not accumulate 
C-11-methionine while carcinomas evidence
significant uptake; in some patients this study
thus appears useful in differentiating benign
from malignant ovarian neoplasms.

Malignant ovarian tumors show 2-[18F]-
fluoro-deoxy-D-glucose (FDG)-PET uptake.
The limitations are that inflammatory processes
and endometrial and follicular cysts also have
an affinity for FDG, while borderline car-
cinomas tend to be false negative. Intrauterine
accumulation of this agent occurs during men-
struation. In general, FDG-PET is more helpful
in detecting recurrent ovarian carcinoma.

Radioimmunoscintigraphy has a role in
detecting the spread of ovarian cancer. A
common agent used is indium-111–satumomab
pendetide (OncoScint)-labeled antibody to
tumor-associated antigen.

Biopsy
Endovaginal US-guided biopsy and drainage
are established diagnostic and therapeutic pro-
cedures. Most complications are self-limiting
and consist of infection and hemorrhage.

Congenital Abnormalities
Müllerian Duct Anomalies
Bilateral fallopian tubes develop from Müllerian
(paramesonephric) ducts, with the fused caudal
ductal segments forming the uterus, cervix, and
upper part of vagina. The lack of development
or a müllerian duct fusion defect results in a
specific developmental abnormality. Several
müllerian duct anomaly classifications have
been proposed; the one used here is a
classification proposed by Buttram and Gibbons
in 1979, and adopted by others since then 
(Table 12.1).

Congenital uterine malformations include
agenesis, unicornuate, bicornuate, and septate
uterus. The prevalence of these malformations

is <5%. Most affected women are not at an
increased risk for sterility; however, they have a
higher rate of spontaneous abortion and pre-
mature births compared to those with a normal
uterus. Also, these women are at an increased
risk for urinary tract abnormalities, including
renal agenesis.

Imaging

Congenital uterine malformations are com-
monly studied with hysterosalpingography,
although US is often the first imaging modality
employed and is believed by some to be more
sensitive. Three-dimensional US is useful in the
study of müllerian duct abnormalities, achiev-
ing a sensitivity and specificity of close to 100%
in defining these abnormalities. Nevertheless,
MRI has evolved as the preferred imaging
modality in evaluating suspected müllerian
duct abnormalities. In particular, MRI is useful
in differentiating a bicornuate uterus from a
septate uterus. It aids in locating gonadal tissue

Table 12.1. Müllerian duct abnormality classification

I. Segmental müllerian agenesis or hypoplasia
A. Vaginal
B. Cervical
C. Fundal
D. Tubal
E. Combined

II. Unicornuate
A. With rudimentary horn

With endometrial cavity
Communicating
Noncommunicating

Without endometrial cavity
B. Without rudimentary horn

III. Didelphys

IV. Bicornuate
A. Complete
B. Partial
C. Arcuate

V. Septate
A. Complete
B. Incomplete

VI. DES related

Source: Adapted from Buttram and Gibbons (7).



723

FEMALE REPRODUCTIVE ORGANS

not visualized by US and is useful in identifying
ambiguous genitalia.

Coronal T2-weighted MR images of the
uterus are easier to interpret if their oblique axis
is placed parallel to the endometrial canal. The
degree of obliquity can be estimated from sagit-
tal images.

Prior surgery makes interpretation of imag-
ing findings more difficult; this is especially true
with MRI.

Agenesis/Hypoplasia

The Mayer-Rokitansky-Küster-Hauser (MRKH)
syndrome consists of congenital absence of the
vagina and uterus and represents complete 
cessation of müllerian duct development; this
syndrome is believed to be due to a deficiency
of estrogen and other receptors. Ovarian neo-
plasms develop in young girls in association
with this syndrome.

Some authors divide this syndrome into a
typical or isolated form, consisting of symmet-
rical nonfunctioning muscular buds (müllerian
duct remnants) and normal fallopian tubes, and
an atypical, more generalized form consisting of
aplasia of one or both buds and with or without
fallopian tube dysplasia. Some duct remnants
are cystic. Differentiation between the two
forms is made on the basis of laparoscopic
findings, although MRI can often suggests a
diagnosis. The atypical form is associated with
skeletal, renal, and ovarian abnormalities.
Lack of adequate müllerian duct development
leads to vaginal agenesis; with a functioning
uterine anlage, MRKH syndrome results 
in hematometra. With a laparoscopic finding 
of an atypical MRKH syndrome, appropriate
imaging is reasonable, often beginning with MR
(Fig. 12.1).

A complex of renal dysgenesis, Gartner’s duct
cyst, and ipsilateral müllerian duct obstruction
in 10 girls resulted in a dilated Gartner’s duct
protruding into the bladder and presenting as 
a ureterocele in some and extending posterior
to the bladder in others (8); all had unilateral
müllerian duct obstruction.

Agenesis of a portion of the müllerian ducts
and congenital absence of the uterus and vagina
is also found in male pseudohermaphrodites.
Occasionally genitography is helpful in defining
the underlying anatomy.

The appearance of a hypoplastic uterus is that
of a normal uterus except for a smaller size. This
condition is not common. A small uterus is also
seen in such conditions as prior diethylstil-
bestrol (DES) exposure.

Isolated fallopian tube agenesis is rare and is
associated with maldevelopment of mesonep-
hric and paramesonephric ducts, possibly on an
ischemic basis. Hysterosalpingography simply
reveals fallopian tube nonfilling. Tubal obstruc-
tion due to other causes, including prior fallo-
pian tube torsion causing hemorrhage and
eventual reabsorption, must be excluded.

Unicornuate Uterus

Abnormal unilateral development of one of
the Müllerian ducts results in an unicornuate
uterus. These women have a high prevalence of
associated urinary tract abnormalities, includ-
ing an ectopic kidney, renal agenesis, double
renal pelvis, horseshoe kidney, and medullary
sponge kidney. They also suffer from a high
spontaneous abortion rate and a high rate of
ovum implantation in a rudimentary horn and
subsequent rupture during pregnancy.

Hysterosalpingography reveals a fusiform-
shaped uterus tapering to its connection with
the single fallopian tube. The uterus is displaced
toward the side of the functioning tube. When
performing this study, one must be careful not
to confuse a bicornuate or septate uterus with a
unicornuate one. Even if hysterosalpingography
does demonstrate what appears to be a unicor-
nuate uterus, a contralateral noncommunicating
uterine horn may still be present but simply not
communicate with the main uterine cavity, a
finding not detected with hysterosalpingogra-
phy. Such a rudimentary noncommunicating
horn is detected by CT, US, or MRI, although US
may be nonspecific, defining only a single cavity
but without providing sufficient detail. Mag-
netic resonance imaging is the procedure of
choice to provide both uterine and adnexal
region anatomic details.

A pregnancy in a noncommunicating rudi-
mentary horn is associated with a high rate of
perforation and thus, if detected, resection of
this cavity is generally performed. Such a cavity
also predisposes to endometriosis, presumably
due to retrograde expulsion of menstrual 
products.
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Didelphys

A didelphic uterus results from fusion failure of
müllerian duct caudal segments (Fig. 12.2). In
complete didelphys each uterine cavity has a
separate cervix and a variable septum is present
in the vagina (Figs. 12.3 and 12.4). Some women
also have associated renal agenesis, dysplasia, or
hypoplasia, and an ectopic ureter to Gartner’s
duct cysts. A duplicated uterus can be occluded
unilaterally. Girls with unilateral occlusion of
a duplicated uterus develop hydrocolpos,
hydrometrocolpos, hematometrocolpos, and
hematosalpinx.

During hysterosalpingography uterus didel-
phys is confused with a unicornuate uterus if
only one of the uterine cavities is injected 
with contrast. Magnetic resonance imaging 
is the examination of choice in defining 
these abnormalities and providing preoperative
guidance (Figs. 12.5 and 12.6). It should be
noted that a congenital anomaly of cloacal
exstrophy is also associated with two vaginas
and hemiuteri.

Bicornuate

It is necessary to differentiate between a bicor-
nuate and a septate uterus because of the dif-
ferences in pregnancy outcome and because
therapeutic approaches for these two conditions
are different. A bicornuate uterus tends to be
associated with a normal pregnancy while abor-
tion rates with a septate uterus are about double
that of a bicornuate uterus.

Obstruction of one uterine horn leads to a
unilateral hematometra. A variant is a partial
vaginal septum and resultant hematometro-
colpos. Complicating the diagnosis is that an
occasional bicornuate uterus reveals unilateral
intermittent occlusion.

During hysterosalpingography a bicornuate
uterus resembles a septate uterus. It is also
similar to uterus didelphys, except that a bicor-
nuate uterus has only one cervical os. Measure-
ment of the angle of divergence between the two
uterine cavities during hysterosalpingography
has been used in an attempt to differentiate
between a bicornuate and a septate uterus. A

Figure 12.1. Uterine agenesis (Mayer-Rokitansky-Küster-Hauser syndrome.] A: Sagittal T2-weighted image shows absence of uterus
and vagina. B: Coronal image confirms left renal agenesis. (Source: Imaoka I, Wada A, Matsuo M, Yoshida M, Kitagaki H, Sugimura K.
MR imaging of disorders associated with female infertility: use in diagnosis, treatment, and management. RadioGraphics
2003;23:1401–1421, with permission from the Radiological Society of North America.)

BA
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Figure 12.2. Classification of common uterine anomalies. A:
Uterus didelphys. B: Bicornuate uterus. C: Septate uterus. The
septum consists mostly of fibrotic tissue.

A

B

C

detected by hysterosalpingography. The inter-
cornual distance (maximal lateral extent
between the high signal endometrium) is
normal in a septate uterus and is increased in a
bicornuate uterus.

An arcuate uterus should be considered to
represent either a mild form of bicornuate
uterus or a normal variant. It is usually associ-
ated with normal term gestation.

Septate

A septate uterus occurs when the septum of the
fused müllerian ducts fails to absorb. The resid-
ual septum ranges from complete to partial and
consists of fibrous tissue, myometrium, or both.
Because the müllerian ducts have already fused,
the external uterine surface is normal, distin-

septate uterus is suggested with an angle less
than 75 degrees, while with an increased angle
a bicornuate uterus is more likely. Nevertheless,
considerable overlap exists between these two
conditions; MR provides better differentiation.
Magnetic resonance imaging has a sensitivity
and specificity similar to those of laparoscopy
in this differential and is currently the preferred
procedure (Fig. 12.7).

Magnetic resonance imaging defines both the
outer and inner uterine contours, and it is the
external contour that is most useful in differen-
tiating a bicornuate from a septate uterus.
The external fundal outline is convex outward
in the normal uterus, or it is flat, or it has a 
short indentation in a septate uterus, and it 
is deeply indented (fundal notch) in a bicornu-
ate uterus, an abnormality that cannot be
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Figure 12.4. Duplicated uterus with an obstructed hemivagina in a
12-year-old girl. A: Transverse ultrasonography (US) scan identifies a
dilated right uterus (u) and a normal left uterus (curved arrow).
B: A dilated uterine cavity (u) and distended vagina (v) are identified
by longitudinal US of the obstructed right side. C: An endometrial 
cyst (c) is also present adjacent to the right ovary. (Source: Garel L,
Dubois J, Grignon A, Filiatrault D, Vliet GV. Ultrasonography of the 
pediatric female pelvis: a clinical perspective. Radiographics 2001;21:
1393–1407, with permission from the Radiological Society of North
America.)

A B

C

Figure 12.3. Uterus didelphys. Two uterine cavities are evident.
The patient had a previous vaginal septum resected.
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Figure 12.5. Uterus didelphys with obstructed hemivagina. A: Transverse T2-weighted MRI identifies two uteri (arrows), two cer-
vices, and both ovaries (arrowheads.] B: Coronal T2-weighted image shows a hematocele (arrows) due to an obstructed right hemi-
vagina. (Source: Imaoka I, Kitagaki H, Sugimura K. MR imaging associated with female infertility. Nichi-Doku Iho 2000;45:440–450,
with permission from Nihon Schering K. K.)

A B

Figure 12.6. Didelphys in a 13-year-old. Right uterus (arrow) is
hypointense due to blood and left uterus (arrowhead) hyperin-
tense due to fluid and secretions. (Source: Burgener FA, Meyers
SP, Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic 
Resonance Imaging. Stuttgart: Thieme, 2002, with permission.)

Figure 12.7. Endometrial carcinoma in a bicornate uterus. A
transverse oblique MR image identifies an intrauterine tumor
(arrow). (Source: Burgener FA, Meyers SP, Tan RK, Zaunbauer W.
Differential Diagnosis in Magnetic Resonance Imaging.
Stuttgart: Thieme, 2002, with permission.)

guishing this abnormality from a bicornuate
uterus.

Magnetic resonance imaging is helpful in
identifying this condition (Figs. 12.8 and 12.9).
Nevertheless, both US and MRI most often mis-
diagnose a septate uterus as either a normal or
bicornuate uterus. The MR septal signal inten-
sity varies depending on its composition and
often is not a reliable indicator in differentiat-

ing a septate from a bicornuate uterus; on T2-
weighted images a fibrous septum is seen as a
hypointense region, while a myometrial septum
has a signal intensity similar to myometrium.

Generally hysteroscopic metroplasty is per-
formed for a septate uterus, with preservation of
future vaginal delivery.

Diethylstilbestrol-Related Abnormalities

Patients who have been exposed in utero to DES
develop a number of gynecologic abnormali-
ties, including cervical stenosis, various uterine
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development abnormalities, and distorted 
fallopian tubes. Clinically, DES exposure is as-
sociated with subsequent infertility and ectopic
pregnancies.

Hysterosalpingography in these patients
shows a narrow irregular cervix and a small
irregular uterine cavity. The uterus may have a
T-shape. Currently hysterosalpingography is the
preferred imaging modality in evaluating DES-
related abnormalities.

Sex Differentiation Abnormalities
These abnormalities are usually subdivided into
genetic disorders, gonadal disorders, and phe-
notypic sex differentiation disorders. Unless 
testicular tissue is present, a fetus develops into
a female or a variant of a female. Genetic and
hormonal evaluations are needed to define the
underlying abnormalities in many of these
infants and imaging has a limited role. Ultra-
sonography is helpful in outlining internal
genital anatomy, although MRI provides better
resolution.

Gonadal Disorders

Gonadal disorders include true hermaphro-
ditism and gonadal dysgenesis (Turner’s syn-
drome). Both ovarian and testicular tissue is
present in true hermaphrodites. For instance, an
ovotestis can contain spermatogenesis in testic-
ular tissue.

Patients with Turner’s syndrome have their
gonads replaced by connective tissue. The inci-
dence of malignancy is increased in this tissue.

Phenotypic Differentiation Disorders

Phenotypic abnormalities develop in a setting
of several endocrine disturbances. Female
pseudohermaphrodites have a normal fem-
ale XX karyotype and normal internal female 
genitalia, but have virilizing external genitalia
due to excess androgen from a number of
sources. The most common etiology is congen-
ital adrenal hyperplasia. Ultrasonography or
MRI should confirm normal internal genitalia.

Male pseudohermaphrodites have a normal
male XY karyotype, and testicular tissue is
present, but the internal or external genitalia is
ambiguous. Imaging should exclude the pres-
ence of ovaries and uterus.

Testicular feminization is a rare sex-linked
disorder caused by androgen receptor gene
mutations. Peripheral insensitivity to androgen
leads to female external genitalia, undeveloped
müllerian duct structures, androgen-producing
testes, and a male genotype.As a result, the prox-
imal third of the vagina, cervix, uterus, and fal-
lopian tubes are either absent or rudimentary.
The sexual orientation is female. Testes are
undescended. Ultrasonography identifies a
blind-ending vagina and no uterus or adnexal

Figure 12.9. Septate uterus (arrow) identified on T2-weighted
transverse oblique MR image. (Source: Burgener FA, Meyers SP,
Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic Reso-
nance Imaging. Stuttgart: Thieme, 2002, with permission.)

Figure 12.8. Septate uterus. Transverse T2–weighted image
identifies a septum in the uterine cavity (arrow). The external
uterine outline is normal. (Source: Imaoka I,Kitagaki H,Sugimura
K. MR imaging associated with female infertility. Nichi-Doku Iho
2000;45:440–450, with permission from Nihon Schering K. K.)
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structures; MRI also diagnoses uterine agenesis
and detects undescended testes, often within or
just below the inguinal canal; the testes are
smaller and more hypointense than normal on
T1-weighted images and isointense on T2-
weighted images.

Testicular feminization should be suspected
in girls having ambiguous genitalia and an
inguinal hernia. Later these patients have
primary amenorrhea. In distinction to male
cryptorchidism, the incidence of testicular neo-
plasms in patients with testicular feminization
begins to increase only after the age of 30 years.
Thus in the complete form of testicular femi-
nization gonadectomy can be delayed.

Cloacal Malformation
In a cloacal malformation the rectal, urinary,
and genital tracts communicate and exit
through a common perineal opening, or cloaca.
This rare anomaly occurs only in girls, develops
early in the embryo, and varies in appearance
depending on how the connecting tracts join.

A diverting colostomy is generally performed
initially. A contrast study of the cloaca helps
define the underlying anatomy. Using this study
as a guide, a catheter can be advanced into the
bladder and a cystogram performed. Injection
into the distal limb of the colostomy should
define the rectal communication.

Diastasis of the symphysis pubis is common
in these girls. Sacral and spinal chord abnor-
malities are common.

McCune-Albright Syndrome
A combination of café-au-lait spots, fibrous 
dysplasia, and precocious puberty is found in
McCune-Albright syndrome. Ovarian follicular
cysts are a common finding.

Vagina and Urethra
Gartner’s duct cysts originate from meson-
ephric (wolffian) duct remnants that fail to
reabsorb. Most occur parallel and anterolateral
to the vagina and are small and asymptomatic,
although occasionally a large cyst is encoun-
tered. An occasional one visualizes during hys-
terosalpingography if it communicates with the
uterus.

Vaginal obstruction results in hemato
(metro)colpos or hydrocolpos. At times the
obstruction evolves into a large pelvic soft tissue
tumor, evident both clinically and with imaging.
Obstructions range from imperforate hymen to
a vaginal septum. With hematometra, cervical
dysgenesis is also in the differential. Both US
and MR are useful in detecting these abnor-
malities (Fig. 12.10). Endorectal US is a viable
alternate for suspected vaginal abnormalities 
if endovaginal US is not feasible. Transperineal
US should detect a vaginal septum.

Magnetic resonance imaging of hematocol-
pos reveals a high signal intensity blood collec-
tion on both T1- and T2-weighted images and
helps establish whether the distention extends
into the fallopian tubes.

Congenital urethral valves are rare in female
infants, with most distal urethral obstructions
being secondary to a mucous membrane. Ure-
thral duplication is also rare.

Trauma
Blunt abdominal trauma results in uterine
rupture, especially during pregnancy. Most are
seat-belt injuries; traumatic rupture involves the

Figure 12.10. Pyometra secondary to an obstructed cervix.
Sagittal T2-weighted MR image reveals a greatly distended
uterus (arrows). Blood and debris account for the slightly hyper-
intense appearance. (Source: Burgener FA, Meyers SP, Tan RK,
Zaunbauer W. Differential Diagnosis in Magnetic Resonance
Imaging. Stuttgart: Thieme, 2002, with permission.)
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fundus, and fetus and placenta extrude into 
the maternal abdomen. Uterine rupture during
the second or third trimester of pregnancy
should be diagnostic with US; an empty uterus
is identified. Computed tomography can also
detect uterine rupture and an intraabdominal
fetus.

Uterine rupture during labor is associated
with prior hysteroscopy, prior repeated curet-
tage, and perforation. Spontaneous uterine
rupture during pregnancy is a complication of
Ehlers-Danlos syndrome type IV.

Urethral rupture due to pelvic fracture is rare
in women (9). If present, an associated vaginal
tear is often also found.

Ultrasonography can detect vaginal foreign
bodies in young girls. The echogenicity and
acoustic shadowing of a foreign body varies. At
times US detects an indentation of the posterior
bladder wall.

Acute Gynecologic Conditions
Imaging of acute gynecologic conditions are
discussed in more detail in their respective sec-
tions in this chapter. Not uncommonly these
conditions are in a differential diagnosis of an
acute abdomen (discussed in Chapter 14).

Computed tomography in 100 consecutive
nonpregnant women suspected of having
appendicitis or an acute gynecologic condition
achieved a 100% sensitivity and 97% specificity
in diagnosing appendicitis and 87% sensitivity
and 100% specificity for acute gynecologic 
condition (10).

Torsion
Ovary
Clinical

Torsion, or a twist of the ovary around its
pedicle, leads to venous stasis, edema, and even-
tual ischemia. Although isolated ovarian torsion
does occur, usually it is associated with fallop-
ian tube torsion. It can occur during pregnancy.
An ovarian cyst or other tumor, regardless of
etiology, predisposes to torsion (gynecologists
and urologists prefer the terms severe torsion or
even simply torsion to what gastroenterologists

would label as volvulus for an equivalent condi-
tion in the gut).

Ovarian torsion occurs most often in girls
and young women but has developed in
neonates. Depending on the degree of twist, the
onset of pain ranges from gradual to sudden.
Severe pain is a common presentation of com-
plete torsion. Clinically, acute right ovarian
torsion mimics appendicitis. A not uncommon
scenario consists of acute appendicitis being
suspected in a young girl, but subsequent
laparotomy detects a torsed and necrotic ovary.

Chronic partial ovarian torsion is rare. Inter-
mittent venous obstruction and edema result in
massive ovarian enlargement.

Neglected amputated ovaries secondary to
ovarian torsion can evolve into calcified cystic
tumors which became attached to adjacent
structures by a pedicle containing vessels.

Salpingo-oophorectomy is often performed
for ovarian torsion. Occasionally prophylactic
oophoropexy or even laparoscopic shortening
of the uteroovarian ligament is feasible for
intermittent torsion.

Imaging

Imaging shows a large, irregular adnexal tumor
ranging from solid to thick-walled and cystic
(Figs. 12.11 and 12.12). Any cystic component,

Figure 12.11. Ovarian torsion in an 11-year-old girl with pelvic
pain. Computed tomography reveals a retrovesical tumor.
Normal gynecological structures were not identified. An appen-
diceal abscess was initially suspected. (Courtesy of Luann
Teschmacher, M.D., University of Rochester.)
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when present, represents engorged follicles.
Some hemorrhage is common and, if untreated,
eventual necrosis ensues.

Echogenicity of a torsed ovary varies consid-
erably.A US finding of a twisted vascular pedicle
is suggestive of ovarian torsion but this is not
always present. Doppler US suggests the degree
of viability of a torsed ovary. With a nonviable
ovary, Doppler US shows absent arterial and
venous flow centrally, low-velocity arterial flow
in the periphery, or absent or even reversed
diastolic arterial flow. The lack of blood flow
within a twisted vascular pedicle implies a non-
viable ovary. The presence of internal arterial
flow has prognostic implications because some
of these can be treated successfully with laparo-
scopic untwisting.

Occasionally US detects an engorged fallo-
pian tube. Cul-de-sac fluid is a common but
nonspecific finding. Ultrasonography is not
foolproof, however. Transabdominal US in two
girls with abdominal cysts revealed a “double
wall” sign, and duplication cysts were diagnosed
(11); surgery revealed ovarian cysts, torsion, and
hemorrhage within the cyst wall.

In addition to detecting engorged blood
vessels in ovarian torsion, MR often also detects
uterine deviation to the twisted side. The lack 
of CT or MRI contrast enhancement of the
involved ovary signifies arterial compromise.

The wall of any associated cystic tumor is ede-
matous and thickened. Any superimposed hem-
orrhage modifies the imaging appearance.

A rare finding with torsion involving an
ovarian tumor is presence of intravascular 
gas within the tumor. This gas probably 
represents oxygen released from trapped 
oxyhemoglobin.

Fallopian Tube
Isolated fallopian tube torsion can develop in
the absence of prior surgery or infection, but 
it is rare. Prior adhesions, inflammation, or
ovarian disease predisposes to torsion. Possible
congenital associations include a long meso-
salpinx or mesovarium. Clinically, these patients
have severe lower abdominal pain and signs of
peritoneal inflammation.

Ultrasonography reveals an adnexal tumor
and also a hydrosalpinx.

Uterus
Uterine torsion consists of the long uterine axis
being rotated more than 45 degrees. Some of
these torsions involve a uterine myoma.

Torsed uterine leiomyomas tend to be hyper-
intense on T2-weighted MRI once ischemia
develops.

Figure 12.12. Ovarian torsion. A: US in a young girl with suspected appendicitis identified a normal appendix (cursors). B: Further
pelvic US detected a tumor in the pouch of Douglas and cul-de-sac. Surgery revealed a left fallopian tube and ovary torsed 720
degrees. (Courtesy of Luann Teschmacher, M.D., University of Rochester.)

A

B
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Infection/Inflammation
Pelvic Inflammatory Disease
Pelvic inflammatory disease (PID) is most often
bacterial in origin and most often bilateral.
Clinically, it mimics an acute abdomen and sug-
gests appendicitis or bowel perforation. Acute
salpingitis typically manifests as a pyosalpinx or
hydrosalpinx. The infection spreads and evolves
into either peritonitis or a tubo-ovarian abscess.
Peritonitis ranges from diffuse to focal, occa-
sionally localizing around the liver (Fitz-Hugh
Curtis syndrome is discussed in Chapter 14).
Gonococcal ovarian infection is rare. The clini-
cal presentation is nonspecific.

Hysterosalpingography is contraindicated
during suspected acute salpingitis. Endovaginal
US often identifies free fluid in the cul-de-sac
but endovaginal US has a low sensitivity in
identifying fallopian tube intraluminal fluid or
even a developing tuboovarian abscessees.
Either CT, US, or MRI should detect a tuboovar-
ian abscess or hydrosalpinx once it is estab-
lished. A hydrosalpinx is common, usually
bilaterally. Superficially, the imaging appearance
of a pyosalpinx or hydrosalpinx mimics a
dilated loop of bowel. The wall of a pyosalpinx
tends to enhance considerably with contrast.
Endovaginal Doppler US reveals a low resistive
index in presence of severe infection.

Magnetic resonance imaging is not often 
performed for suspected PID but it has con-
siderable potential. MRI findings include 
a fluid-filled tube, pyosalpinx, tubo-ovarian
abscess, polycystic-appearing ovaries, and
pelvic fluid. In one study, MRI sensitivity in
detecting PID was 95% and specificity 89% and,
for comparison, endovaginal US sensitivity was
81% and specificity 78% (12).

One sequela of scarring during healing is
tubal obstruction and resultant hydrosalpinx
formation.

Abscess
Among less common causes of a tubo-ovarian
abscess is endovaginal oocyte retrieval for in
vitro fertilization. Clinically, these patients
present with pain and often a palpable tumor.

The CT and US findings of a tubo-ovarian
abscess, regardless of cause, are similar to those

of other intraabdominal abscesses. Often an
abscess consists of a complex, thick-walled,
cystic adnexal tumor having no specific charac-
teristics. Some abscesses are associated with a
hydrosalpinx. The presence of gas, although
uncommon, is almost pathognomonic of an
abscess. Most of these abscesses form discrete
tumors, with an occasional one being diffuse
and having an appearance similar to focal 
peritonitis.

Ovarian abscesses range from hypointense to
hyperintense on T1-weighted images. A thin
hyperintense rim is common. Most abscesses
are hyperintense on T2-weighted images. Many
contain linear stranding.

Some of these abscesses obstruct an adjacent
ureter, and imaging should thus also evaluate for
any hydroureter. The presence of adenopathy is
variable.

The imaging appearances of a tubo-ovarian
abscess and a necrotic tumor overlap. The dif-
ferential often also includes an appendiceal or
Crohn’s abscess.

Pelvic abscesses are drainable using an
endovaginal US-guided trocar and catheters
(13).

Tuberculosis
Adnexal involvement with tuberculosis is
uncommon. A typical pattern of spread in
affected individuals is from fallopian tubes to
the uterus, with resultant infertility.

Tubal calcifications develop with tuberculous
involvement. These are seen as linear or some-
what nodular calcifications along the fallopian
tubes. Generally both tubes are involved.
The presence of such calcifications, regardless 
of how they are detected, should suggest 
tuberculosis.

Hysterosalpingography identifies fallopian
tube occlusion or narrowing, with the tube
lumen having an irregular, beaded appearance.
Outpouchings tend to mimic salpingitis isth-
mica nodosa. Any contrast spilled from the
fimbriated tubal ends is loculated. A hydro-
salpinx develops in some. Extensive fistulas are
not common. Endovaginal US reveals fallopian
tube wall thickening. Any hydrosalpinx is
readily detected.

Uterine involvement leads to synechiae
varying in size and extent; these synechiae can



733

FEMALE REPRODUCTIVE ORGANS

be identified if intrauterine fluid is instilled. An
eventual decrease or even obliteration of the
uterine cavity ensues. Endovaginal US reveals a
thickened and inhomogeneous endometrium.
Occasionally endometrial aspiration biopsy 
in a woman with bleeding yields necrotic 
debris with focal granulomas and even acid-fast 
bacilli.

Cervical tuberculosis can mimic a carcinoma;
a biopsy should be diagnostic.

Actinomycosis
Pelvic actinomycosis is a chronic infection with
the anaerobic gram-positive bacteria Actino-
myces israelii. This commensal is found in
normal body cavities; its growth is promoted by
the presence of an intrauterine device. When
invasive, it causes a chronic, indolent infection
consisting of a soft tissue tumor mimicking a
neoplasm. Histology identifies characteristic
actinomyces granules.

The imaging findings are often more exten-
sive than the symptoms suggest. A charac-
teristic of this infection is extensive fistuliza-
tion extending into surrounding structures.
Occasionally one of the ureters becomes
obstructed.

Two examples serve to illustrate the great
mimicry of this infection: Pelvic actinomycosis
with secondary liver involvement in a 50-year-
old woman initially suggested a pelvic neoplasm
with liver metastases (14). Computed tomo-
graphy and US in a 37-year-old nulliparous
woman with an intrauterine device revealed a
large right adnexal mass adherent to the uterus
and compressing the bladder, a preoperative
diagnosis of ovarian cancer was made, and she
underwent bilateral salpingo-oophorectomy
and total abdominal hysterectomy (15); the
resected specimen revealed actinomycosis.

Endometritis/Cervicitis
Among rarer causes of endometritis is infection
with Trichinella spiralis, at times resulting in
small calcifications with trichinella infiltrating
the basal endometrium. A rare endometritis
evolves into pyometra, perforation, and an acute
abdomen.

Most syphilitic cervicitis is evident both 
clinically and pathologically. Rarely, syphilis
presents with a cervical tumor mimicking a 
carcinoma.

Rarer Infections
Especially in the tropics, colorectal amebiasis
can evolve into an amebic rectovaginal fistula.
These fistulas heal after definitive therapy.

In endemic areas fallopian tube involvement
with Schistosoma haematobium infection
should be considered. Infected patients have an
increased incidence of ectopic pregnancies and
eventually develop infertility. Schistosoma eggs
are found in the fallopian tubes, resulting in
hydrosalpinx and PID.

Ovarian echinococcal infection is rare even in
endemic regions, although adnexal involvement
is not. Imaging reveals a pelvic cyst, with some
cysts containing internal septa or even having
an onion skin appearance. With active disease,
color Doppler reveals increased peripheral vas-
cularity. In endemic regions a check for hydatid
serology appears reasonable.

Salpingitis Isthmica Nodosa
Salpingitis isthmica nodosa is an inflammatory
disorder affecting the fallopian tubes and asso-
ciated with infertility and an increased risk of
ectopic pregnancy.

Hysterosalpingography reveals multiple
diverticulum-like outpouchings adjacent to the
tubal lumen, most often in the proximal isthmic
portion of the tube, with the distal isthmus 
and tubal segments adjacent to uterine cornua
less often involved. Fallopian tubes tend to be
more convoluted than usual, a difficult subjec-
tive finding. Associated hydrosalpinx and tubal
occlusion are common. Selective salpingogra-
phy establishes whether fallopian tubes are
patent.

Uterine Synechiae
Intrauterine adhesions, or synechiae, range
from focal to diffuse involvement of the uterine
cavity. Synechiae are associated with infertility
(Asherman’s syndrome). Most common causes
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of Asherman’s syndrome are postpartum
uterine surgery and termination of pregnancy.
Rare causes include infections such as tubercu-
losis and even schistosomiasis.

Hysterosalpingography identifies synechiae
as irregular fixed filling defects within the
uterine cavity. A severity grading system is
reported (Table 12.2), although the hystero-
graphic findings do not always reflect the hys-
teroscopic appearance. Most synechiae can be
differentiated from polyps because the latter
have a smooth round or oval configuration and
synechiae are irregular in outline. Occasionally
extensive adhesions obliterate the endometrial
cavity to the point of preventing filling during
hysterosalpingography.

Synechiae are identified with endovaginal US.
Sonohysterography reveals synechiae as bridg-
ing bands in the fluid-distended uterine cavity.

The fibrous synechiae have a low signal inten-
sity on T2-weighted MRI and are not visualized
directly, but MRI is useful in evaluating the
uterine cavity above adhesions for the presence
of endometrial tissue. A normal endometrium
and endometrium-to-myometrium junctional
zone are absent on T2-weighted MRI in women
with severe Asherman’s syndrome.

Operative hysteroscopy consisting of the 
surgical division of synechiae is the therapy 
of choice. Video-enhanced endoscopic hys-
teroscopy is further aided by intraoperative US;
such US allows hysteroscopic lysis of adhesions
at equivalent distances from the uterine wall,
especially in the uterine cornua.

An endometrial carcinoma can develop in a
setting of intrauterine synechiae.

Pregnancy Related
Normal Pregnancy
Hysterosalpingography is contraindicated dur-
ing pregnancy. If performed, it reveals an 
early intrauterine pregnancy as a small sessile
tumor.

Ultrasonography
The ability of US to visualize normal ovaries
decreases from the first trimester to the second
and from the second trimester to the third.

Early US signs of an intrauterine pregnancy
include a chorionic rim sign, consisting of a
hyperechoic rim around an intrauterine fluid
collection, and the presence of a double decid-
ual sac. Sensitivities of these two signs for an
intrauterine pregnancy are about 60–80%, and
specificity approaches 100%.

Endovaginal US can assess the corpus luteum
during early pregnancy. Corpus luteum ranges
from macrocystic, to microcystic, to noncystic.
No correlation exists between corpus luteum
size and pregnancy failure, although a decrease
in volume between two examinations is 
associated with a greater risk of nonviable
outcome.

A hyperechoic, thick-walled sac within a
thickened endometrium suggests an intrauter-
ine pregnancy, although it is insensitive in
detecting an early pregnancy. With a positive
pregnancy test and endovaginal US evidence of
intrauterine fluid but without an embryo or yolk
sac, follow-up US is necessary.

Doppler US of the uterine arteries can be
obtained by either endovaginal and transab-
dominal techniques. During early pregnancy,
the intrauterine arterial peak systolic velocity
and resistive index values recorded transab-
dominally are lower than the endovaginal ones,
but after 28 weeks of gestation the differences
narrow.

An abnormal uteroplacental circulation,
detected by Doppler US, suggests a spontaneous
preterm delivery. An abnormal color Doppler

Table 12.2. Hysterographic classification of Asherman’s
syndrome

Grade Description

1 Single uterine defect less than one tenth of 
uterus in size

2 One or more defects occupying less than one 
fifth of uterus

No gross uterine cavity deformity

3 About one third of uterus involved
Uterine cavity deformed by adhesions

4 All or most of uterus involved
Severe deformity

Source: Adapted from Dykes et al. (16).
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study of a viable early pregnancy is associated
with an increased risk of miscarriage. A uterine
artery systolic/diastolic ratio significantly
higher than normal later in pregnancy is often
found with preterm delivery.

Transperineal US is often used to monitor
cervical effacement at the start of labor. Ultra-
sonography reveals progressive cervical canal
shortening and the opening of a funnel-shaped
internal os, which gradually extends to the lower
cervix and leads to effacement.

Magnetic Resonance Imaging

Magnetic resonance imaging offers a number of
advantages in the pregnant patient and fetus. It
is used for pelvimetry, because aside from the
lack of ionizing radiation, MRI readily outlines
the maternal bony pelvis and related soft tis-
sues together with the fetus. A number of MR
pelvimetry techniques have been described,
most having the goal of decreasing image acqui-
sition time.

Magnetic resonance is a viable alternative for
differentiating hydronephrosis of pregnancy
from hydronephrosis due to an obstructing
stone. Only limited studies are available on the
use of gadolinium in pregnancy. Current evi-
dence points to no obvious harm.

Ectopic Pregnancy
An ectopic pregnancy implants either within the
fallopian tube or in other locations in the pelvis
or abdomen. Intraabdominal pregnancy is dis-
cussed in Chapter 14.

Etiology for ectopic implantation is un-
known. Previous infection appears to play a
role. Women on progestin-only pills are more
prone to extrauterine pregnancies than those on
combined oral therapy.

A human chorionic gonadotropin (hCG) of
>2000 mIU/mL and no US evidence of an
intrauterine pregnancy is suggestive of an
ectopic pregnancy, although some of these
women do have a normal pregnancy. In early
pregnancy small amounts of intrauterine fluid
detected by US should be interpreted with
caution; it is found with both an intrauterine
and an ectopic pregnancy.

Some ectopic pregnancies resolve sponta-
neously. A longer time from the last menstrual

period, decreasing b-hCG levels, the absence of
gestational sac, and a high ectopic pregnancy
resistive index are predictors of spontaneous
resolution (17).

Tubal

Clinical

Tubal rupture due to an ectopic tubal pregnancy
is treated by salpingectomy. On the other hand,
an ectopic tubal pregnancy detected prior to
tubal rupture is amenable to laparoscopic
microsurgery or other therapy.

An ectopic pregnancy manifests as pain,
vaginal bleeding, and an adnexal mass. These
findings are nonspecific and are found in a
number of other conditions both in the preg-
nant and nonpregnant woman.A pregnancy test
differentiates between these two groups. A tubal
pregnancy results in hemosalpinx, bloody
ascites, and a complex adnexal mass, findings
identified by imaging with varying success
rates. A bilateral tubal ectopic pregnancy is
extremely rare.

A ruptured ovarian neoplasm in a pregnant
woman mimics a ruptured ectopic pregnancy.

Imaging

Transabdominal US is generally performed as
an initial examination for a suspected ectopic
pregnancy. With a positive pregnancy test,
the primary role of US is to detect an intra-
uterine pregnancy. The significance of not de-
tecting an intrauterine pregnancy is limited,
although an ectopic pregnancy is then consid-
ered. A definite diagnosis of an ectopic preg-
nancy is sonographic detection of a live embryo
in an extrauterine location, a finding not often
made.

Endovaginal US provides additional informa-
tion in a setting of both an ectopic pregnancy
and an intrauterine pregnancy. It is possible to
detect an intrauterine pregnancy within several
weeks after conception. The intradecidual sign
consists of a hyperechoic endometrial region in
the thickened decidua. This sign, in those 
with a b-hCG level >2000 mIU/ml, achieved a
sensitivity of 88% for diagnosing an intrauter-
ine pregnancy (18). In a typical clinical setting
sonographic evidence of an intrauterine 
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pregnancy essentially excludes an ectopic 
pregnancy (see Heterotopic Pregnancy, below).
An ectopic pregnancy can be missed with
endovaginal US, and some practices perform
both transabdominal US for an overview and
endovaginal US for its higher resolution;
occasionally an ectopic pregnancy is detected
with transabdominal US but not endovagi-
nal US.

The ovary is a useful landmark when search-
ing for an ectopic pregnancy. With endovaginal
US an ectopic tubal pregnancy appears as a
ring-like tumor having an anechoic center and
a hyperechoic periphery—an adnexal ring sign.
Although often sought, this sign is not pathog-
nomonic for an ectopic pregnancy. In some
patients with a subsequently proven ectopic
pregnancy, US will not detect any adnexal
tumor or tubal ring. The reverse is also true,
namely, the sonographic findings of an ectopic
pregnancy can be mimicked by other condi-
tions, for instance, a ruptured ovarian hemor-
rhagic cyst (19). The presence of intrauterine
fluid does not exclude an ectopic pregnancy
because such a pregnancy may be associated
with a pseudosac.

Published sensitivities and specificities of US
in detecting an ectopic pregnancy vary depend-
ing on specific criteria used. In general, with 
a positive pregnancy test and no detectable
intrauterine pregnancy, the presence of fallo-
pian tube rings or extraovarian complex tumors
has a high specificity and sensitivity for a tubal
pregnancy.

In symptomatic pregnant women, an US
three-layer endometrial appearance has been
described in some women with ectopic preg-
nancy, but this sign is also seen in other condi-
tions. Small endometrial decidual cysts are also
identified in some ectopic pregnancies, but their
significance is questionable.

Color Doppler US is believed to add little to a
diagnosis of an ectopic pregnancy. Nevertheless,
only an occasional ectopic pregnancy has arte-
rial endometrial blood flow, and the presence of
endometrial arterial blood flow aids in exclud-
ing an ectopic pregnancy.

In general, the presence of an adnexal tumor
or intraperitoneal fluid should not be used as 
a criterion for diagnosing tubal rupture. With a
distended tube, blood and an amniotic sac of a
tubal pregnancy have different MR signal inten-
sities; bloody ascitic fluid has varying hyperin-

tensity on T1-weighted MR images. An adnexal
tumor has a complex signal intensity on both
T1- and T2-weighted images.

The therapy of an ectopic pregnancy gener-
ally is surgical. As alternate therapy, tubal 
pregnancies can be managed with local
methotrexate injection using abdominal or
endovaginal US for guidance. Nevertheless,
methotrexate therapy has its own complica-
tions, including an acute abdomen and bleed-
ing. Of interest is that hysterosalpingography
after methotrexate therapy shows bilateral tubal
patency in some of these women.

Cornual

A cornual ectopic pregnancy is rare, occurring
in about 2% to 4% of all ectopic pregnancies.
Rupture at the implantation site occurs at an
advanced gestational age, and resultant severe
bleeding is associated with increased maternal
morbidity and mortality.

A cornual pregnancy has been successfully
treated with methotrexate injection; US and
laparoscopy are used for guidance.

Ovarian

An intraovarian ectopic pregnancy is rare. Sur-
gical findings range from a hematoma, to an
ovum, to placenta and fetus. Most often implan-
tation is superficial and the ovary can be 
preserved.

Ultrasonography usually shows a complex
nonspecific tumor. Some of these consist of a
double hyperechoic structure surrounding a
hypoechoic region. Endovaginal US aids in
localization.

In the rare combined intrauterine and
ovarian pregnancy, the ovarian pregnancy 
consists of a rapidly growing adnexal tumor 
and intraperitoneal hemorrhage, and it is not
surprising that US cannot distinguish between
an intraovarian pregnancy and an ovarian
cancer.

Cervical

It has been said (20):

The majority of obstetricians will never see a cervi-
cal pregnancy; the minority who has to treat this
pathology wishes to have never seen one.
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In one pregnant woman with painless bleed-
ing, US identified no embryonal structures,
a retained miscarriage was presumed, and
during cervical dilation uncontrollable hemor-
rhage ensued (20); a total hysterectomy was 
performed.

Ultrasonography can suggest a cervical preg-
nancy. However, cervical abortion and even ges-
tational trophoblastic disease occasionally has
similar US findings.

Magnetic resonance imaging in women with
a cervical pregnancy revealed a poorly mar-
ginated heterogeneous tumor that was hyperin-
tense on T1-weighted images (21); it contains
markedly enhancing solid components and is
surrounded by peripheral enhancement. Post-
contrast MR can evaluate the trophoblast blood
supply prior to therapy.

Heterotopic Pregnancy
A heterotopic pregnancy consists of both an
intrauterine and extrauterine pregnancy. It is a
rare entity. The incidence of a heterotopic preg-
nancy increases in women who have undergone
assisted reproduction. The condition can be sus-
pected with endovaginal US by detecting both
pregnancies. At times a salpingectomy is fea-
sible on the extrauterine pregnancy, and the
intrauterine pregnancy continued to term.

Uterine Rupture
Uterine rupture during labor is not common in
the West. It is associated with prior uterine scar-
ring and carries a high fetal death rate. The rare
spontaneous rupture of an unscarred uterus
occurs mostly in older, multiparous women.

Uterine Dehiscence
Complete uterine dehiscence after cesarean
section consists of transmural disruption, while
partial dehiscence involves disruption only of
the endometrial or serosal layer. Occasionally an
anteriorly placed placenta beneath the uterine
scar masks dehiscence. In general, CT is unreli-
able in detecting dehiscence, but preliminary
studies suggest that MRI is useful.

Ultrasonography appears useful in assessing
the risk of rupture during subsequent pregnan-
cies in women with previous cesarean section.

The risk of rupture or dehiscence is related to
the thickness of the lower uterine segment and
in pregnant women with a previous cesarean
section, preoperative US can measure this lower
uterine segments. Resultant sensitivity and
specificity in predicting dehiscence will vary
depending on the assumed lower uterine
segment cut-off thickness.

Preliminary study suggests that MRI is useful
in detecting uterine dehiscence.

Preeclampsia and 
Related Conditions
Preeclampsia is characterized by hypertension
and proteinuria. Edema develops in some of
these women. Preeclampsia leads to multiorgan
damage, including placenta, liver, kidneys,
and brain; it can lead to eclampsia, and is the
primary cause of maternal death in a number of
countries.

In women with pregnancy-induced hyperten-
sion the HELLP syndrome (consisting of hemol-
ysis, elevated liver enzymes, and low platelets) is
a life-threatening, severe complication asso-
ciated with preeclampsia and eclampsia, but it
has also developed after delivery. Pathogenesis
appears multifactorial and probably involves
genetic and immunologic factors. The coagula-
tion system is activated, and endothelial 
dysfunction becomes evident, with fibrin 
deposition in vessels and liver sinusoids.
Thrombocytopenia and fibrinolysis ensue with
vascular thromboses and emboli. The HELLP
syndrome has led to intracerebral hemorrhage
and death. Cardiopulmonary and renal compli-
cations develop, and these women are at risk 
of acute renal failure and spontaneous liver
rupture with its associated high maternal and
fetal mortality. This syndrome is usually treated
by prompt delivery.

Ophthalmic artery pulsatility and resistivity
indices, measured with Doppler US, decrease in
preeclamptic women (compared to normoten-
sive gravid women) (22); these indices increase
with progression to severe preeclampsia,
suggesting that early vasodilation and late
vasospasm are part of the spectrum of
preeclampsia.

Doppler US of the umbilical and uterine
arteries is useful in preeclamptic women and
those with HELLP syndrome. Impaired placen-
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tal hemodynamics is common, with one study
finding blood flow restriction in at least one
uterine artery in a majority of women (23).
Women with an abnormal Doppler study before
delivery have significantly higher blood pres-
sures than those with a normal predelivery
study; likewise, abnormal Doppler US is associ-
ated with an increased number of perinatal
deaths and significantly higher fetal distress as
compared to a normal Doppler study.

Placenta
Dynamic MR reveals early placental enhance-
ment; it has heterogeneous enhancement during
the second trimester and evolving into
enhanced lobules during the third trimester;
normal placental enhancement precedes
myometrial en-hancement and it can be differ-
entiated from myometrium.

A placental maturity classification was devel-
oped in 1979, based on US findings of placental
texture (24); this classification, using a grad-
ing scale from 0 to 3, correlates with fetal 
pulmonic maturity as determined by the
lecithin-sphingomyelin ratio. Those with pre-
mature placental aging are at increased risk of
perinatal complications such as hypertension,
oligohydramnios, and delayed intrauterine
growth.

A relationship exists between smoking and
placental calcifications.

Transabdominal US should detect most pla-
centa previa, with only occasional transperineal
or endovaginal US necessary. An MRI can
provide substantially similar information, but 
at the expense of substituting a more complex
study for a simpler one.

Placenta membranacea or placenta diffusa
results when chorion fails to differentiate. It is
associated with bleeding, abortion, and fetal
death. Ultrasonography in placenta membran-
acea reveals total placenta previa covering the
uterine wall and containing numerous lacuna.

With placenta increta, chorionic villi invade
the myometrium while placenta percreta
signifies that the villi penetrated through the
myometrium. Both evolve in a setting of uterine
scarring such as prior cesarean section, D&C,
and other causes. An association exists with 
placenta previa. Placenta percreta can lead to
uterine rupture and an acute abdomen.

Ultrasonography suggests placenta accreta by
detecting the absence of the typically visualized
retroplacental sonolucent space. Doppler US in
placenta percreta reveals placental extension
into the myometrium and increased blood 
flow through the myometrium. Gadolinium-
enhanced MRI also differentiates placenta
accreta from placenta percreta.

The resultant bleeding with abnormal 
placentation can be massive and a total 
hysterectomy required for bleeding control.
Hypogastric artery balloon occlusion in several
women with abnormal placentation, performed
after cesarean delivery but prior to hysterec-
tomy and hypogastric artery ligation, was effec-
tive in decreasing blood loss (25).

Placental nontrophoblastic tumors include
chorioangioma and teratoma. These tumors 
are benign and often overlooked, but multiple
placental chorioangiomas lead to fetal cardiac
failure or anemia. Their presence can be sug-
gested by US.

Antepartum Bleeding
Discussed here are only some of the more
unusual causes of pregnancy-related bleeding.
Premature delivery and various placental
abnormalities, discussed above, are common
causes. Most first trimester bleeding is associ-
ated with either an ectopic pregnancy or par-
tial placental separation from its myometrial
implantation (separation occurring before the
20th week of pregnancy is called abortion and
separation after the 20th week abruptio placen-
tae). Common causes of bleeding during the 
last half of pregnancy are placenta previa 
(low placental implantation) and abruptio 
placentae.

Transabdominal US may not detect a cause
for first trimester bleeding, and in these women
endovaginal US, with its better resolution,
is more helpful. If detected, a subchorionic
hematoma has a crescent appearance elevat-
ing the chorionic membrane. Ultrasonography
establishes whether a normal-appearing 
gestational sac is visible. A clot secondary to
abruptio placentae often has a similar transab-
dominal US appearance to normal placenta and
thus normal US does not exclude abruptio. At
times only an abnormally thick placenta is
detected.
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Most intraamniotic bleeding is secondary to
trauma. It is common after amniocentesis. A
rare cause of third trimester bleeding is cervical
varices.

Postpartum Bleeding
Retained intrauterine placental tissue post-
partum or postabortion is termed a placental
polyp. It is associated with massive bleeding,
at times months or even years after delivery.
Ultrasonography after delivery has low sensi-
tivity in detecting retained trophoblastic tissue;
if detected, this tissue appears as a hetero-
genous, hyperechoic tumor. At times retained 
fluid is evident. Sonohysterography detects free-
floating endometrial tissue, yet the role of
endovaginal sonohysterography is not clear in
this setting, although it is more sensitive than
endovaginal US; it should decrease the number
of curettages in women with bleeding.

Magnetic resonance imaging reveals most
placental polyps as pedunculated intrauterine
tumors. They are hyperintense on T2-weighted
images, with blood often surrounding them.
Postcontrast, these polyps enhance more than
myometrium and appear as a high signal inten-
sity uterine cavity tumor.

Bleeding postpartum is generally managed
medically. At times hysterectomy is necessary
for unresponsive major bleeding, but arterial
embolization should be considered in intra-
ctable postpartum bleeding not controlled with
vaginal packing and uterotonic drugs. In these
patients angiography is useful not only to iden-
tify a bleeding site but also to act as a guide for
selective embolization of the vessel involved.
Embolization controls both immediate and
delayed bleeding. Generally multiple arteries
are embolized, including uterine, vaginal,
ovarian arteries or even a division of the inter-
nal iliac arteries. Few complications are encoun-
tered with uterine artery embolization, and
normal menses resumes in almost all women
with obstetric hemorrhage who undergo selec-
tive uterine artery embolization (26).

It takes about 7 weeks for the postpartum
uterus to involute to its baseline.

The differential diagnosis of a placental polyp
includes a choriocarcinoma, although the latter
is associated with elevated serum b-hCG levels.
A leiomyoma has variable signal intensities.

Gestational trophoblastic disease and a uterine
arteriovenous malformation are also in the 
differential.

A rare cause of late postpartum hemorrhage
after cesarean section is an aneurysm bleed-
ing into the uterus; angiography not only is
diagnostic but also permits therapeutic
embolization.

Gestational Trophoblastic Disease
Gestational trophoblastic diseases include a
spectrum of disorders ranging from hydatidi-
form mole (molar pregnancy) to a choriocarci-
noma and the rare placental site trophoblastic
tumor. They originate from trophoblastic tissue
and are believed to be due to abnormal fertil-
ization. Most are located in the uterus, although
an ectopic one originates in the ovary and other
sites of an ectopic pregnancy.

Hydatidiform Mole

A hydatidiform mole is not a neoplasm,
although an occasional one progresses to a per-
sistent trophoblastic neoplasm (see below). A
mole can be complete or partial.

A complete molar pregnancy develops when
a normal sperm fertilizes an aberrant ovum
containing abnormal maternal chromosomes.
No viable fetus develops. The placenta contains
abnormal chorionic villi and excessive tro-
phoblastic proliferation, with the latter leading
to elevated serum b-hCG levels. Following evac-
uation of a mole, b-hCG levels should gradually
return to normal; otherwise continued tro-
phoblastic disease should be suspected.

A partial mole contains a fetus, although
usually an abnormal one. A hydatidiform mole
can coexist with viable multiple pregnancies.
The risk of molar pregnancy is increased at the
extremes of reproductive life and in those with
a prior mole.

Bleeding and a uterus larger than expected
are the most common presentation. Pre-
eclampsia is not uncommon. With current 
management nearly all of these patients can be 
cured.

A hydatidiform mole distends the uterine
cavity but does not invade the myometrium.
Computed tomography reveals a hypervascular
tumor, at times containing cystic regions. Either
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a diffusely enlarged uterus or a focal tumor is
evident.A site of tumor origin needs to be estab-
lished; at times a sonographically suspected
mole turns out to be a mucoid ovarian cyst or
even an endometrial carcinoma.

Among 74 women from the New England
Trophoblastic Disease Center, US diagnosed 
a complete hydatid mole in only 10% of patients
before the onset of symptoms (27). Ultrasonog-
raphy of a hydatidiform mole identifies multi-
ple anechoic regions, although this finding is
seen only in about 80% of confirmed moles; a
fetus is not detected unless a twin pregnancy is
present. A partial mole is often not detected.

Magnetic resonance imaging reveals either
diffuse uterine enlargement or a focal tumor,
loss of normal zonal anatomy, and abnormal
uterine vascularity.

Persistent Trophoblastic Neoplasia

Classified under persistent trophoblastic neo-
plasia complex are invasive mole, chorio-
carcinoma, and placental site trophoblastic
neoplasm. The staging of gestational tro-
phoblastic tumors is outlined in Table 12.3.

Invasive Mole

The presence of chorionic villi and trophoblas-
tic proliferation in the myometrium constitutes
an invasive mole. At times invasion is beyond
the uterus and is embolic at distant sites. Some
moles lead to severe hemorrhage.

Choriocarcinoma

A rare molar pregnancy evolves into a chorio-
carcinoma (nongestational ovarian choriocarci-
noma is discussed later; see Malignant Germ
Cell Tumor). Some choriocarcinomas are not
preceded by a molar pregnancy but follow a term
pregnancy. A choriocarcinoma developing after
a full-term pregnancy often has a poor progno-
sis. A very rare choriocarcinoma develops inde-
pendently of gestation; it consists of invasive
trophoblastic proliferation and lack of formed
villi. A gestational choriocarcinoma together
with a viable pregnancy is even rarer. Rare
infant–mother choriocarcinomas are reported.

Gestational choriocarcinomas invade the
myometrium and spread hematogenously. Some
first present as a metastasis, including to brain,

Table 12.3. Tumor, node, metastasis (TNM) staging of
gestational trophoblastic tumors

FIGO TNM
stage stage

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma-in-situ

I T1 Tumor confined to uterus

II T2 Tumor extends to other structures

Distant metastasis:
Mx Distant metastases cannot be 

assessed
M0 No distant metastasis

III M1a Lung metastasis

IV M1b Any other metastases

TNM tumor stages:
Stage IA T1 M0 Low risk
Stage IB T1 M0 High risk
Stage IIA T2 M0 Low risk
Stage IIB T2 M0 High risk
Stage IIIA any T M1a Low risk
Stage IIIB any T M1a High risk
Stage IVA any T M1b Low risk
Stage IVB any T M1b High risk

Risk factors 0 1 2 4

Age <40 ≥40

Antecedent Hydatid Abortion Term —
pregnancy mole pregnancy

Interval from <4 4–<7 7–12 >12
pregnancy 
(months)

hCG (IU/mL) <103 ≥103– 104–<105 ≥105

<104

Tumor size <3 cm 3–<5 cm ≥5 cm —
(incl. uterus)

Site of Lung Spleen Gastroin- Brain
metastases Kidney testinal Liver

tract

Number of — 1–4 5–8 >8
metastases

Low risk: seven or fewer risk factors.
High risk: eight or more risk factors.
FIGO, Federation Internationale de Gynecologie et Obstetrique
(International Federation of Gynecology and Obstetrics); hCG,
human chorionic gonadotropin.
Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.
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yet even brain metastatic is curable in about
50% with chemotherapy and irradiation.

The role of imaging is to detect local and
distal spread. Myometrial invasion is identified
as small, mostly hyperechoic nodules, better
seen with endovaginal than transabdominal US.
At times Doppler US detects diffuse myometrial
invasion by identifying hypervascularity and
low-impedance blood flow. Coronal MR is
useful to identify the nodules’ location. Distal
spread is evaluated by head CT, chest radio-
graphs, and other appropriate imaging.

Placental Site Trophoblastic Neoplasm

A placental site trophoblastic neoplasm readily
infiltrates the myometrium and leads to vascu-
lar dilation, visualized by Doppler US as cystic
spaces representing blood vessels. The role of
MR in this condition is speculative, although 
a tumor and myometrial invasion can be
identified.

With failed initial systemic chemotherapy 
for metastatic trophoblastic neoplasm, selective
chemoembolization is occasionally successful.

Ovarian Hyperstimulation Syndrome
Ovarian hyperstimulation syndrome develops if
the ovaries are overstimulated by either med-
ication or idiopathic. Fertility medications stim-
ulate follicle maturation and result in multiple
large follicles. Some of these ovaries enlarge to
the point that they are palpable. They are readily
detected by transabdominal US. Sufficient fluid
transudation from follicles manifests as ascites.
Pregnancy makes the syndrome worse. It is a
potentially life-threatening complication.

The ovarian hyperstimulation syndrome
develops during assisted reproduction; elevated
serum estradiol levels and retrieved oocyte
numbers suggest the ovarian hyperstimulation
syndrome, but neither parameter by itself is
pathognomonic.

Infertility-Related Conditions
Ovarian causes of infertility include anovula-
tion due to follicular atresia or polycystic
disease, empty follicle or unruptured follicle
syndromes, chronic anovulation, and ovarian

endometriosis. Serum hormone levels and US
during ovarian cycles identify some of these
causes. Impaired uterine blood perfusion can
also result in infertility. Aspirin improves
uterine perfusion in those women found to have
impaired perfusion during their menstrual
cycles, as detected with Doppler US.

Ectopic pregnancies do develop after in vitro
fertilization. Fallopian tube disease appears to
be the main risk factor for ectopic pregnancy
after in vitro fertilization.

Use of US-guidance for embryo transfer
appears to improve pregnancy rates by optimiz-
ing placement of embryos. Implantation rates
with US guidance were 29% versus 18% without
US-guidance, while the corresponding preg-
nancy rates in cycles with easy transfers were
63% versus 36% (28).

Sonohysterography combined either with
sonosalpingography or sonohysterosalpingog-
raphy in infertile women achieved a diagnostic
accuracy of 98% in detecting submucosal
fibroids, 96% for polyps, and 81% for synechiae
(29); tubal patency was correctly assessed in
79% with a saline solution and in 92% when
using a contrast agent.

Tumors
Differential Diagnosis of 
Adnexal Tumors
After detecting an adnexal tumor, the primary
tasks of imaging are to establish its site of
origin and then determine whether it is cystic
or solid.

Considerable controversy ensued in the 1990s
about whether endovaginal US or MRI was the
preferred initial imaging modality in evaluating
adnexal tumors. As an example, in women with
adnexal tumors, endovaginal US was found
superior for simple cysts, hemorrhagic cysts,
endometriomas, and ovarian carcinomas; MRI
was found superior for dermoids; and both were
equally effective for pedunculated fibroids (30).
Further advances in equipment and software
have rendered many of these and similar con-
clusions obsolete.

In general, endovaginal US findings are more
accurate than those obtained with transabdom-
inal US, although the latter provides a wider
overall view. Doppler US is more sensitive in
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women with adnexal tumors than gray-scale
US; malignant tumors tend to be vascular and
have a lower PI and RI than benign neoplasms
and inflammatory tumors, yet sufficient over-
lap exists to make this Doppler US finding of
limited clinical use. Serum CA 125 levels achieve
high specificity in differentiating malignant
from benign tumors.

The prevalence of malignancy in adnexal
tumors is considerably greater in post-
menopausal women than in premenopausal.
Benign versus malignant differentiation of any
one adnexal tumor with imaging is imprecise.
Many benign and malignant tumors contain a
cystic component. As a rough initial differenti-
ation, a completely cystic tumor is most likely
benign, while the presence of a solid component
raises the possibility of a malignancy. In fact, the
most significant US criterion for malignancy is
presence of a solid component and ascites.
Necrosis in a solid tumor and nodules in a cystic
tumor detected with postcontrast MRI suggest
a malignancy (31).

Endovaginal US of adnexal tumors achieves a
high sensitivity but low specificity for identify-
ing solid tissue within a partly cystic tumor,
with false-positive US results being due to the
presence of blood and other debris. Postcontrast
MRI, on the other hand, differentiates between
tumor and blood and achieves high sensitivity
and specificity.

The differential diagnosis of adnexal tumors
is best approached by subdividing into those
found in premenopausal and postmenopausal

women.Adnexal tumors during pregnancy were
discussed in a previous section.

Premenopausal

A majority of adnexal tumors in premenopausal
women are benign. Simple cysts, in particular,
are benign and often resolve. The differential
includes inflammatory tumors, ectopic preg-
nancy, functional cysts, and (benign and malig-
nant) neoplasms (Table 12.4). An imaging
finding of a cystic component includes in 
the differential a nonneoplastic cyst, most 
often a functional cyst, and a cystic neoplasm.
Follicular cysts are the most common functional
cyst, and most resolve within several months.
Benign complex cysts include hemorrhagic cysts
and endometriomas.A mature cystic teratoma is
also in the differential diagnosis of cystic neo-
plasms in a premenopausal woman.

Ovarian tumors in girls tend to be large when
first detected; an exception is with tumors
having endocrine activity.

A follow-up US study in about 6 weeks
appears reasonable for a complex adnexal cystic
tumor detected by US in a premenopausal
woman; if unchanged in size or larger, explo-
ration is indicated.

Cystic malignant neoplasms have thick septa
and varying amounts of a solid component,
findings lacking in most benign tumors. Also,
Doppler US reveals increased blood flow and
lower pulsatility and resistance indexes in
malignant neoplasms.

Table 12.4. Differential diagnosis of adnexal tumors in premenopausal women

Tumor type Comment

Inflammatory tumors Tend to be complex cystic and solid, often tender

Ectopic pregnancy

Cystic
Functional cysts

Follicular cysts Most common functional cyst
Corpus luteum cyst
Theca lutein cyst Occurs in molar pregnancy and hyperstimulation syndrome

Mature cystic teratoma A common cystic neoplasm, especially in younger women
Serous and mucinous neoplasm Benign ones appear as simple cysts, often lacking septa

Malignant ones have thick septa and solid components

Solid
Benign neoplasm
Malignant neoplasm

Germ cell tumors Ovarian neoplasms in childhood tend to be of germ cell origin
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Postmenopausal

An adnexal tumor in a postmenopausal woman
is generally considered to be malignant until
proven otherwise and resection is warranted,
especially if associated with an elevated CA-125
level.

Ultrasonography detection of a simple cyst-
like tumor in a postmenopausal woman raises 
a management dilemma. While most of these
cysts are benign, an occasional one is malignant.
One option is to follow smaller cysts (about 5 cm
or less in diameter) with serial imaging and
resect those showing any evidence of enlarge-
ment. Larger ones generally are resected. A
complex cyst or solid tumor detected by US is
assumed to be malignant; preoperative CT (or,
perhaps even more appropriate, MRI) is useful
for staging.

With a known previous nongynecologic
malignancy, differential diagnosis of an adnexal
tumor also includes a metastasis. Among
women with breast cancer and US-detected
adnexal tumors, histopathologic study revealed
74% to have benign adnexal disease and 26%
malignant—of the latter half were primary
ovarian cancers and half breast metastases (32).
Similarly, with a history of colorectal carcinoma
and a new adnexal tumor, a majority of these
tumors are metastatic colon cancers rather than
primary ovarian neoplasms.

What imaging tests are appropriate in a
woman with a clinically asymptomatic suspi-
cious adnexal mass detected by screening US?
Endovaginal US, MRI, and PET achieved sensi-
tivities of 92%, 83%, and 58%, respectively, and
specificities of 59%, 84%, 78%, respectively,
in tumor characterization (33); MRI using 
contrast-enhanced fat-saturated T1-weighted
sequences was especially useful with dermoid
cysts and endometrial cysts, but all three
modalities revealed uncertainty with borderline
tumors. The high sensitivity of endovaginal US
argues for this modality as the next test in this
clinical setting.

Major MRI findings pointing towards malig-
nancy are ascites and nodules on the wall and
septum of a cystic tumor (34); other features
associated with malignancy include a part
solid-part cystic tumor, irregular tumor wall, a
large tumor and early contrast enhancement.

Some tumors are difficult to differentiate
between an ovarian and a subserosal uterine

origin. Presence of an ovarian vascular pedicle
for a tumor, detected with helical CT, confirms
an ovarian origin with a high degree of sensi-
tivity (35).

Endometriosis
Clinical

Endometrial tissue in an ectopic location
outside the uterus, called endometriosis, and
involving ovaries, fallopian tubes, and adjacent
structures is discussed here. Endometriosis at
more distal sites is discussed in each corre-
sponding chapter. Endometrial tissue invading
the uterine myometrium is known as adeno-
myosis and is covered later in this chapter. Some
authors label uterine endometrial tissue as
endometriosis interna and endometrium out-
side the uterus as endometriosis externa, or
simply as pelvic endometriosis. Endometriosis
often involves multiple pelvic sites, presenting
as adnexal tumors.

Although several pathogenetic mechanisms
have been proposed, transtubal retrograde dis-
semination appears to be the most likely mech-
anism in a majority of women; an increased
prevalence occurs in a setting of obstructed
normal menstrual outflow. Vascular, lymphatic,
and mechanical spread during surgery probably
also play an occasional role. Endometriosis 
has developed in a surgical scar, especially after
a cesarean section or hysterectomy. It is estro-
gen dependent. In the absence of hormone
replacement therapy and obesity, symptomatic
endometriosis is rare in postmenopausal
women. The immunologic factors involved in
endometriosis constitute an active research
field.

The prevalence of endometriosis is about
10% to 20% in menstruating women. It ranges
from diffuse to focal, with the latter known as
an endometrioma, and can develop anywhere 
in the abdomen, including abdominal wall,
inguinal canal, umbilicus, or surgical scar.
Endometriosis of the mesentery, omentum, or
bowel wall is less common than peritoneal
involvement. Prevalence of endometriosis is
increased in women with a cystic mesothelioma
and in a setting of disseminated leiomyomato-
sis. Endometriosis is one of the causes of bloody
ascites, in an occasional patient evolves in peri-
tonitis and eventually evolves into scarring. A
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rare endometrioid carcinoma develops at a scar
endometriosis site. Ectopic endometrial tissue
bleeds during menses, is surrounded by
inflammation, and eventually fibrosis develops.
Pain and infertility are the most common pre-
sentations. Nevertheless, symptoms are not
always cyclic and often are nonspecific. In fact,
an incidentally detected focus of extrauterine
endometrial tissue in an otherwise asympto-
matic and fertile woman is not uncommon.

Traditionally, laparoscopy is the primary
study in patients with suspected endometriosis,
being supplanted in a number of institutions by
MR as the initial study, which also serves as a
guide to subsequent laparoscopy and histologic
confirmation.

Percutaneous endometrioma aspiration
results in a high recurrence rate. Whether the
use of hormonal suppression therapy decreases
recurrence is conjecture.

Imaging

Imaging reveals endometriosis as one or multi-
ple thick-walled cystic tumors. An occasional
one is solid. Surrounding fibrosis is common
and with long-standing disease extensive pelvic
distortion is evident, at times mimicking wide-
spread metastases (Fig. 12.13). Intraperitoneal
endometriosis most often consists of solid or
partly cystic tumors, at times mimicking metas-

tasis. The cystic component is partly filled with
blood products; their CT density ranges from
water to soft tissue. Blood clots, generally 
adjacent to the wall of a cyst, are hyperdense.
Fallopian tubes involved by endometriosis 
have an irregular, beaded appearance on 
hysterosalpingography.

An endovaginal approach is preferred with
US. These tumors’ echogenicity spectrum
reflects their varied cystic-to-solid appearance.
The solid component in larger tumors often
appears nodular. A homogeneous hypoechoic
cyst containing low-level echoes is a common
finding; at times septations and a multilocular
appearance are evident. No specific US features
point toward an endometrioma, but in an
adnexal tumor with these findings an
endometrioma is suggested if neoplastic fea-
tures can be excluded. Endovaginal US sensitiv-
ity and specificity of about 90% can be expected
in suggesting an endometrioma. Color and
pulsed Doppler US provides limited additional
information except for excluding blood flow
within cystic regions.

The reported endorectal US sensitivity and
specificity percents are in the high 90s for
detecting rectovaginal endometriosis (36); the
sensitivity for uterosacral ligament infiltration
is about 80%, perhaps reflecting the greater dis-
tances involved, but the specificity percents
remain in the high 90s.

Magnetic resonance is the imaging procedure
of choice in detecting and defining subtle
endometrial implants; fat suppression aids in
visualizing small implants, being especially
useful for implants <5 mm. Sensitivity and
specificity of MRI in detecting pelvic endo-
metriosis are >90% (37). Although MR findings
vary considerably, MR will often differentiate an
endometrioma from other adnexal tumors.
With conventional MRI small implants have an
appearance similar to fat—hyperintense on 
T1- and hypointense on T2-weighted images
relative to myometrium, often being homo-
geneous when small. Some foci appear as 
small cystic tumors. Endometrioma fluid due 
to a prior bleed is hyperintense on both T1- 
and T2-weighted images. Recent bleeding is
hypointense and the overall appearance thus
can vary considerably. Solid nodules enhance
postgadolinium. In general, hyperintense fluid
on T1-weighted MRI in dilated fallopian tubes
suggests pelvic endometriosis.

Figure 12.13. Severe endometriosis resulting in a frozen pelvis.
Barium enema reveals a long rectal stricture (arrow). The
sigmoid colon is also infiltrated.
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In general, the imaging appearance of an
endometrioma tends to mimic a cystic ovarian
neoplasm, a dermoid cyst, or a hemorrhagic
ovarian cyst. Imaging is useful in guiding a 
diagnostic biopsy.

Complications

Rupture of an ovarian endometrioma results in
a chemical peritonitis and an acute abdomen.
Although rare, rupture can occur during 
pregnancy.

An enlarging endometrioma raises suspi-
cion for malignancy, with the most common
malignancy developing in extraovarian endo-
metriosis being an adenocarcinoma. Unop-
posed estrogen stimulation appears to play a
role in the development of these malignancies.
The MR detection of contrast-enhancing mural
nodules suggests a malignant endometrioma
(38); nodule enhancement is easier to identify
on subtraction images. One should keep in
mind, however, that ovarian endometriomas

enlarge and form decidua during pregnancy,
changes probably induced by progesterone.

An occasional sarcoma or primary squam-
ous cell carcinoma develops in a region of
endometriosis (Fig. 12.14). Image-guided 
biopsies of pelvic endometriosis should not be
relied upon to exclude a malignancy because
they may simply yield endometrial tissue.

Ovary and Adnexa
Discussed here are a diverse group of ovarian
neoplasms and related tumor-like conditions,
such as various ovarian and paraovarian cysts.
Fallopian tube neoplasms are covered in a later
section.

Ovarian neopasms are a diverse group and
are usually subdivided into those having a
stromal cell, germ cell, and epithelial cell origin.
Both benign and malignant neoplasms origi-
nate from all three cell types. Some of these
neoplasms cannot be subdivided simply into
benign and malignant varieties and a borderline

Figure 12.14. Adenosarcoma arising in pelvic endometriosis. A:
Computed tomography (CT) reveals a right pelvic tumor with
extensive muscle involvement and extension via greater sciatic
foramen into right gluteal region. Bone destruction and periosteal
reaction are evident. B: Transverse T1-weighted SE MRI identifies
a hyperintense region posterior to the tumor (arrow), represent-
ing hemorrhage. C: Coronal T2-weighted SE MR sequences show
a heterogeneous tumor containing hyperintense signals due to
hemorrhage. A right hydronephrosis is also evident (arrow).
(Source: Stringfellow JM,Hawnaur JM.Computed tomography and
MRI appearances of sarcomatous change in chronic pelvic
endometriosis. Br J Radiol 1998;71:90–93, with permission from
the British Institute of Radiology.)
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(or low malignant potential) tumor category 
is used by pathologists. Germ cell origin 
neoplasms are more common in younger
women, while epithelial origin neoplasms 
predominate in postmenopausal women.
Mature cystic teratomas predominate among
ovarian tumors found in girls under the age of
15 years.

Benign Tumors

A number of benign ovarian and other adnexal
tumors are treated with laparoscopic surgery.
The major limitation of a laparoscopic approach
is the inability to definitely confirm the benig-
nity of the lesion in question. It is not rare to
have an initial laparoscopic diagnosis and begin
treatment of what is thought to be benign
disease, but subsequently discover that the con-
dition is indeed malignant.

Granuloma

Ovarian granulomas are most often a result of
an inflammatory reaction—typically a result 
of a foreign body reaction to suture material
introduced at previous surgery. Other causes
include infections such as a bacterial tubo-
ovarian abscess or tuberculosis, endometriosis,
Crohn’s disease, previous diathermy or a necro-
tizing reaction to previous surgery. Some are
idiopathic.

Sex Cord–Stromal Tumors

These tumors originate from sex cords and mes-
enchymal tissue. Most are benign. They are rare
in young women and most occur in the post-
menopausal age group. Some produce estrogen
and/or androgen with their resultant clinical
manifestations.

A variant of a sex cord tumor is one contain-
ing annular tubules, with the predominant com-
ponent being intermediate between a granulosa
cell tumor and a Sertoli cell tumor. Of interest is
that some of these tumors are associated with
Peutz-Jeghers syndrome.

Fibroma/Thecoma

Both of these solid tumors originate from
ovarian stroma. Their pathologic appearance is
similar and a tumor is often classified depend-

ing on the preponderance of thecal cells or
fibrous tissue.

Thecomas occur mostly in middle-aged and
older women and constitute less than 5% of all
ovarian neoplasms. They are rare in prepuber-
tal girls. Most are benign and 90% are unilateral.
They tend to be associated with excess estrogen
production, a finding not seen with fibromas.
Also, some thecomas are associated with
endometrial hyperplasia and endometrial carci-
noma. An interesting association exists between
luteinized thecomas and sclerosing peritonitis.
Some of these present with an acute abdomen.

Ovarian fibromas are most common in
middle age. Most are asymptomatic but an occa-
sional fibroma is a component of Meigs’ syn-
drome. An increased incidence occurs in some
families and in Gorlin’s syndrome (basal cell
nevus syndrome). Ascites is common with larger
fibromas and thecomas.

The imaging appearance of fibromas and the-
comas is similar. Computed tomography shows
most tumors to be solid and homogeneous, but
they tend to become inhomogeneous when
large. Some develop calcifications. The more
homogeneous tumors are hypoechoic by US.
The CT and US differential diagnosis includes
other solid extraperitoneal tumors such as a ter-
atoma and lymphoma. Fibromas, thecomas, and
Brenner tumors have similar imaging and oper-
ative findings.

These tumors are hypointense on both T1-
and T2-weighted MRI, a rather specific appear-
ance differing from that of most other solid
ovarian tumors. Degeneration within larger
tumors tends to produce a heterogeneous and
cystic appearance. Their contrast enhancement
varies considerably. Because their appearance is
similar to that of uterine fibroids, the tumor
origin needs to be established to differentiate
these entities.

The MRI appearance of the rare ovarian
leiomyoma is similar.

Granulosa Cell Tumor

Granulosa cell tumors are benign tumors found
mostly in postmenopausal women. Some
produce excess estrogen and, if it is uncor-
rected, these women are prone to develop
endometrial carcinoma. Serum tumor markers
tend to be normal. A rare variant is found in the
pediatric age and younger women, where some
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of these tumors manifest due to their estrogen
or androgen production.

Smaller tumors are solid, but a cystic compo-
nent often develops with growth, and as a result
the imaging findings of larger ones tend to
mimic those of cystadenomas. Their imaging
appearance ranges from unilocular to multiloc-
ular cystic, thick- to thin-walled, and homoge-
neously to heterogeneously solid (39). Bleeding,
infarction, and tumor degeneration contribute
to their heterogeneous appearance.

Magnetic resonance imaging reveals solid
tumors with a variable cystic component and
intratumoral hemorrhage; the solid component
enhances postcontrast. The uterus is often
enlarged, and endometrial thickening is evident
(Fig. 12.15).

These tumors tend to recur years after an
apparent cure, and thus long-term follow-up is
necessary after initial therapy.

Sertoli-Leydig Cell Tumor

This rare tumor occurs mostly in girls and
young women, occasionally bilaterally. Some are

associated with elevated serum a-fetoprotein
levels. These tumors produce androgen and
other hormones, and some women develop
masculinization. An occasional one produces
renin and is a cause of hypertension. In distinc-
tion to other sex cord tumors, a number of
Sertoli-Leydig tumors are malignant, at times
even being poorly differentiated.

The imaging appearance is similar to granu-
losa cell tumors. Some small Leydig cell tumors
are not detected by US in spite of high plasma
testosterone levels and virilization.

Cystic Tumors

Clinical

Benign ovarian cysts range from incidental
simple cysts, to functional cysts, to a cyst man-
ifesting by its neoplastic nature. The terms
simple cyst and functional cyst are often used
interchangeably and generally imply a follicular
cyst.

Doppler US follow-up in premenopausal
women with adnexal cysts reveals that about
one third regress spontaneously and thus 

Figure 12.15. Granulosa cell tumor in a woman with bleeding and elevated estradiol level. A: Sagittal T2-weighted magnetic reso-
nance (MR) identifies a multicystic tumor anterior to the uterus. The uterus is enlarged, has thickened endometrium, and contains a
leiomyoma. B: Sagittal post-contrast T1-weighted image reveals enhancing tumor wall and septa. (Source: Kido A,Togashi K, Koyama
T,Yamaoka T, Fujiwara T, Fujii S. Diffusely enlarged uterus: evaluation with MR imaging. RadioGraphics 2003;23:1423–1439, with per-
mission from the Radiological Society of North America.)
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are simple (functional) cysts. Ultrasonography
cannot differentiate between cysts that will
regress and those that will not.

Small, thin-walled, anechoic, nonpalpable
ovarian cysts detected by US present a dilemma.
What is the malignant potential of these small
cysts in a postmenopausal woman? Follow-up
US reveals that most of these cysts remain
stable, with an occasional one even resolving.
The risk of malignancy appears sufficiently 
low that follow-up with US of stable cysts
appears reasonable, assuming there is no family
history of ovarian, breast, or colon cancer.
The CA-125 antigen serum level should also
remain low.

A US pelvic cancer screening program of
postmenopausal women defined a simple cyst
as an anechoic cyst <5 cm in diameter having a
morphologic appearance of a typical benign
cyst (smooth, aseptate, hypoechoic) (40);
women with a cyst were followed at 3- to 6-
month intervals and evaluated for possible sur-
gical intervention. Of these simple cysts, 23%
resolved spontaneously and 59% persisted
(other women were lost to follow-up). No
malignancy was identified in women with a per-
sistent cyst who underwent surgery. Of interest,
a woman with congenital hypothyroidism had
bilateral multicystic ovaries (41); the cysts dis-
appeared after thyroid hormone therapy.

Follicular (Simple) Cysts

The prevalence of simple cysts is <10% in post-
menopausal women. Imaging identifies the
presence of a cyst, although most functional
cysts have a similar appearance. If multiple,
these cysts tend to vary in size, in distinction to
polycystic disease where cysts tend to be small
and about the same size.

Most follicular cysts are under hormonal
influence and result from a failure to ovulate or
involute. They are benign, most are small, and
most regress following a menstrual cycle. Those
cysts that do not regress are not under hor-
monal control and some other tumor, either
benign or malignant, is often considered.
Follicular cysts are found in McCune-Albright
syndrome.

At times US in neonates, infants and young
children with a lower abdominal cystic tumor
detects a small cyst along the wall of a cystic

tumor (called a daughter cyst sign); these
daughter cysts, pathologically identified as
ovarian follicles, occur in ovarian cysts but not
in cysts of other etiologies (42).

Simple ovarian cysts have an appearance
similar to that of cysts elsewhere; namely,
they are entirely cystic, smooth-walled, and
homogeneous, and they contain no internal
debris. Any septa are thin and smooth. Doppler
US reveals no internal vessels. Simple cysts are
hypointense on T1- and hyperintense on T2-
weighted MRI.

Ultrasonography reveals a fluid-filled thin-
walled structure. Uncomplicated cysts are
hypointense on T1- and hyperintense on T2-
weighted images. Blood and other debris within
the cyst modify their appearance. Due to a sur-
rounding theca and stromal reaction, functional
cysts tend to have hypointense rims on T2-
weighted images.

Ultrasonography is useful in correlating cyst
regression with menstrual cycle.

Some ovarian cysts have thick walls, contain
septa, and have internal echoes; in these, US
does not differentiate between solid and cystic
tumors.

Depending on imaging appearance, the dif-
ferential diagnosis of an ovarian cyst includes 
a simple cyst, hemorrhagic cyst, endometrioma,
dermoid cyst, and other neoplasms, both 
benign and malignant. At times, even an appen-
diceal abscess located in the pelvis is in the 
differential.

Ultrasound-guided percutaneous aspiration
of a simple ovarian cyst is a straightforward
procedure associated with few complications.
Nevertheless, this is a controversial topic and
therapy of these cysts is not settled.Authors dis-
couraging aspiration point to a high cyst recur-
rence rare (cysts recur in about half or slightly
more instances), sampling errors encountered
with complex cysts, and possible needle tract
seeding by malignant cells. On the other hand,
numerous studies have established the relative
safety and effectiveness of percutaneous aspira-
tion of preselected cysts. Especially in high sur-
gical risk women, US-guided aspiration of
benign-appearing ovarian cysts appears worth-
while to evaluate for malignant potential. If
needed, recurrent cysts can be resected, but
cysts several cm in diameter are followed. In
general, a high concentration of estradiol in
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aspirated fluid predicts a low cyst recurrence
rate.

Corpus Luteum Cysts

Corpus luteum cysts are associated with pain,
and they may rupture and bleed. They tend to
be unilateral and are larger than follicular cysts.

The cyst wall of corpus luteum cyst is thicker
and more nodular than a simple cyst. The wall
enhances post–MR contrast. Also, bleeding
modifies cyst content. The overall appearance of
some of these cysts overlaps with endometri-
omas and cystic ovarian malignancies.

Theca-Lutein Cysts

Theca lutein cysts are associated with preg-
nancy, tend to be large, and occur bilaterally.
Multiple theca-lutein cysts develop in ovarian
hyperstimulation syndrome during therapy for
infertility and in association with gestational
trophoblastic disease, resulting in gross ovarian
enlargement. In fact, in the appropriate setting
the presence of theca-lutein cysts and an
endometrial tumor should suggest gestational
trophoblastic disease.

Some of these cysts manifest by rupture and
bleeding. Ascites is evident in some women.

Ultrasonography reveals a smooth-walled
cyst, with no blood flow to the cyst identified by
Doppler US. The cysts’ MR appearance varies
considerably.

Hemorrhagic Cyst

A hemorrhagic cyst is a descriptive term for a
ruptured corpus luteum cyst or follicular cyst
that bleeds internally and contains blood.
Sudden onset of midcycle pain is a common
presentation. These cysts tend to resolve within
several menstrual cycles. Their size varies 
considerably.

Ultrasonography of these cysts ranges from
hypo- to hyperechoic, varying considerably
depending on the age of hemorrhage. Some are
associated with peritoneal fluid. An occasional
one is thick-walled and mimics the adnexal ring
sign of an ectopic pregnancy (19); a key differ-
ence is that a ring sign with a hemorrhagic cyst
is intraovarian, while with an adnexal preg-
nancy it is extraovarian.

Bleeding into a cyst increases the usually low
signal intensity on T1-weighted MRI, and many
of these cysts appear hyperintense both on T1-
and T2-weighted images.

The overall appearance of some hemorrhagic
cysts mimics a ruptured ectopic pregnancy with
its surrounding blood.

Paraovarian and Paratubal Cysts

Some of these cysts are located within the broad
ligament. A paraovarian cyst should be sus-
pected if US detects a separate and normal ipsi-
lateral ovary, although this diagnosis is not often
made. Paraovarian cysts tend to be misdiag-
nosed as ovarian cysts, while paratubal cysts are
not detected due to their small size.

Peritoneal inclusion cysts are in the differen-
tial diagnosis. These cysts are discussed in
Chapter 14.

Mature Cystic Teratoma/Dermoid Cyst

Clinical: Mature cystic teratomas, also called
dermoid cysts, are the most common neoplasms
of germ cell origin. They are almost always
benign, in distinction to other malignant germ
cell tumors (discussed later). These tumors are
composed of all three germ cell layers, although
ectodermal components tend to predominate.

About 10% of cystic teratomas develop bilat-
erally. They grow slowly, and are found in pedi-
atric and postmenopausal age groups, but are
most common in young women. They are the
most common ovarian tumor in pediatrics.
They are slow-growing tumors and most tend to
be asymptomatic, but they are also prone to
torsion, rupture, and malignant degeneration;
therefore, surgical resection is usually consid-
ered when discovered.

These cysts tend to be unilocular, and septa-
tions are present in some; the cysts are lined by
squamous epithelium and contain sebaceous
material; only a rare teratoma consists of a
mostly solid tumor.

Most mature cystic teratomas undergo surgi-
cal resection and thus image-guided biopsy is
moot.

Imaging: Fat detected by imaging within an
ovarian tumor should suggest a mature ter-
atoma. Magnetic resonance imaging identifies
fat in about 90% of ovarian teratomas. Fat 
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is mostly in the cystic cavity, occasionally in 
the cyst wall. Fat is associated with seba-
ceous glands, which are prominent in most der-
moids. The MR appearance of teratomas
without fat is similar to that of other cystic
ovarian tumors.

Some teratomas contain a fluid (fat)-fluid
level, debris, or calcifications, findings identified
by CT or MRI and, at times, with conventional
radiography (Fig. 12.16). Calcifications, includ-
ing teeth, generally in an associated soft tissue
nodule, are characteristic of a mature cystic 
teratoma.

A teratoma typically has a cystic component
and contains focal or diffuse regions of
increased echogenicity consisting of hypere-
choic lines and nodules, with the latter repre-
senting a dermoid plug consisting of fat
(sebum), hair, or calcifications. An acute bleed
into a simple cyst may be sufficiently hypere-
choic to mimic a dermoid plug; a follow-up
examination should differentiate these two. A
cystic teratoma can also mimic loops of bowel
with US and be overlooked.

Doppler US detects blood flow only in a
minority of dermoid cysts, and only from
peripheral tissue surrounding the tumor (but
see below for struma ovarii tumors).

On T1-weighted MRI fatty regions are hyper-
intense, while calcifications and fibrosis are
hypointense. Similar to US, MRI using T1- and
T2-weighted sequences cannot readily differen-
tiate teratomas and cystic hemorrhagic tumors;

the use of fat-saturation sequences increases
tumor characterization considerably.

Mature cystic teratomas without fatty fluid
(sebum) have an atypical MR appearance. They
are hypointense on T1- and hyperintense on T2-
weighted images, consistent with fluid in the
cyst. They show heterogeneous postcontrast
enhancement, yet even in these teratomas MRI
often identifies fat as focal hyperintense regions
in the cyst wall.

The rare solid mature teratoma has an
imaging appearance similar to an immature ter-
atoma (Fig. 12.17). A biopsy diagnosis of a solid
mature teratoma should be made with caution
because many immature teratomas also contain
histologically mature-appearing tissue.

Occasionally a leiomyoma contains calcifi-
cations or fat and the CT and US appearance
mimics a cystic teratoma. A perforated appen-
dix with a stone can have a similar echogenic
appearance. On the other hand, chemical shift
gradient echo MRI differentiates cystic ter-
atomas from endometriomas.

Complications: Cystic teratoma complica-
tions include bleeding, perforation (rupture),
malignant degeneration, and, rarely, torsion.
The fatty component tends to be preserved after
torsion (imaging findings of ovarian torsion
were discussed earlier).

Perforation of a cystic teratoma ranges from
gradual leakage leading to a granulomatous
peritonitis or ascites to sudden rupture and an
acute abdomen. Spill of cyst content, resultant

Figure 12.16. Cystic teratoma. A: CT detects a large, midline mostly fat density tumor containing a bone fragment (arrow) and
encased by a thin capsule. B: A slightly more inferior image identifies soft tissue nodules (arrow). (Courtesy of Egle Jonaitiene, M.D.,
Kaunas Medical University, Kaunas, Lithuania.)
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chemical peritonitis, and ascites are identified
with postcontrast T1-weighted MRI. The result-
ant appearance can mimic carcinomatosis or
chronic peritonitis.

Immature teratomas are malignant and are
discussed in a later section. Mature teratomas
do not evolve into immature teratomas; thus the
occasional malignancy in a mature cystic ter-
atoma represents a de novo malignant transfor-
mation, generally a squamous cell carcinoma,
less often an adenocarcinoma, and a rare one
believed to be of thyroid origin. Sarcomas are
least common; some of these are part of a car-
cinosarcoma and occur in association with a
squamous carcinoma or, very rarely, an adeno-
carcinoma. Most malignancies occur in post-
menopausal women. The time to malignant
degeneration varies, at times being decades
after initial diagnosis. A rare woman first pres-
ents with metastases, later shown to be from a
primary small cell carcinoma arising in an
ovarian mature cystic teratoma. Interestingly,
some younger women developing ovarian muci-
nous tumors are found to also have a teratoma,
an association greater than by chance.

A prominent soft tissue component in a 
cystic teratoma, detected by any imaging
modality, should raise suspicion of a malig-
nancy. These tumors spread by transmural inva-
sion and thus differ from primary epithelial

cancers. MRI of some of these tumors thus
reveals not only a solid component, but also
transmural and surrounding structure invasion.
At times a solid lobulated tumor extends into
surrounding fat The malignant component
enhances postcontrast. Some dermoid/carci-
noma tumors are huge and consist of mural
intracavitary nodules containing regions of
necrosis and hemorrhage. A retrospective study
of women with squamous cell carcinoma in an
ovarian mature cystic teratoma, treated by the
Tokai Ovarian Tumor Study Group, revealed a 5-
year survival of 95% for those with stage I and
80% for stage II, but 12 of 13 patients with stage
III died within 20 months (43).

Struma Ovarii

Struma ovarii is an uncommon, usually benign
ovarian neoplasm, with only rare malignant
ones reported. Most investigators classify
struma ovarii as a mature cystic teratoma
variant containing predominantly or exclusively
one tissue, namely thyroid. These tumors occur
unilaterally in adult women. An occasional one
is associated with a mature cystic teratoma.
Most are not hormonally active.

Histologically, these tumors contain varying-
size cysts separated by fibrous septa. The hall-
mark of this tumor is the presence of thyroid
follicles, albeit at times scant in nature. The
correct diagnosis is readily overlooked if only a
few thyroid follicles are identified. Immunohis-
tochemical staining for thyroglobulin is helpful
if the diagnosis is in doubt. A histologic 
diagnosis of malignancy is difficult with 
these tumors, especially in a setting of a well-
differentiated follicular stroma.

Imaging reveals both cystic and solid compo-
nents; even nonfunctional struma ovarii can
show iodine-123 uptake by the tumor. In dis-
tinction to mature cystic teratomas, struma
ovarii do not contain fat and the cystic spaces
are filled with a gelatinous colloid material.
Ultrasonography typically identifies a complex
solid and cystic tumor. Doppler US detects
blood flow not only in the capsule but also
within the solid component. Detection of flow
within an apparent cystic teratoma should thus
suggest struma ovarii.

Magnetic resonance imaging of struma ovarii
tumors reveals complex solid and cystic com-
ponents. The cyst fluid varies from hypointense

Figure 12.17. Mature ovarian teratoma in a 2-year-old girl.
Transverse US scan reveals a solid retrovesical tumor with
echogenic shadowing (arrow).(Source: Garel L,Dubois J,Grignon
A, Filiatrault D, Vliet GV. Ultrasonography of the pediatric female
pelvis: a clinical perspective.Radiographics 2001;21:1393–1407,
with permission from the Radiological Society of North
America.)
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to hyperintense both on T1- and T2-weighted
images, presumably secondary to hemorrhage
and possibly due to viscous proteinaceous mate-
rial. Solid components are intermediate in
signal intensity on T1- and hyperintense on T2-
weighed images; postcontrast, solid compo-
nents reveal an intense contrast enhancement.
These tumors thus mimic a malignancy.

Polycystic Disease (Stein-Leventhal
Syndrome)

Polycystic ovarian disease (Stein-Leventhal 
syndrome) consists of oligomenorrhea, anovu-
lation, hyperandrogenism, and obesity in a
setting of enlarged, polycystic ovaries. Serum
luteinizing hormone levels are increased and
follicle-stimulating hormone levels are de-
creased. Infertility is common. The clinical 
presentation varies, however, some women have
a normal menstrual cycle and some with
imaging-confirmed polycystic ovarian disease
have no clinical or endocrinologic findings. It is
this latter finding that suggests that the presence
of multiple peripheral ovarian cysts detected by
imaging is not pathognomonic for polycystic
ovarian disease.

Computed tomography detects enlarged
ovaries containing numerous small cysts, gen-
erally uniform in size. In some women the 
cysts are sufficiently small, making their
identification difficult. The cysts are close to
water density. Hemorrhage is rare.

The diagnosis can be suggested by US.
Ovaries tend to be more round rather than oval
in configuration, and are markedly asymmetri-
cal in about half of the women. In general, the
ovaries are enlarged, although they overlap both
in ovarian volume and number of follicles
exists. Multiple peripheral cysts, at times with
hyperechoic stroma, are detected with US in
some but not all affected women.

Magnetic resonance reveals a hypointense
signal from these cysts on T1- and hyperintense
signal on T2-weighted images.

Primary Epithelial Neoplasms 

A majority of ovarian neoplasms are of epithe-
lial origin, with adenocarcinoma being more
common than adenoma. Especially when dis-

cussing malignant ovarian neoplasms, some
authors lump epithelial, germ cell, and stromal
tumors together and treat them as a single
entity. Some ovarian tumors, such as poorly dif-
ferentiated carcinomas, defy subdivision.

The most common ovarian epithelial 
malignancy is a serous cystadenocarcinoma,
followed by mucinous cystadenocarcinoma,
then endometrioid carcinoma, clear cell carci-
noma, and the least common being poorly 
differentiated carcinomas. Only rarely encoun-
tered are small cell carcinomas and squamous
cell carcinomas.

Primary ovarian adenomas and adenocarci-
nomas are discussed together; the initial clini-
cal approach is similar for both and many of the
imaging findings overlap.

Serous and Mucinous Adenoma 
and Adenocarcinoma 

While ovarian cancer is less common than
uterine or cervical cancer, it results in a higher
mortality rate. The risk of developing an ovarian
cancer is associated with older age, nulliparity,
and a family history of ovarian cancer. Because
of few initial symptoms, a late diagnosis (stage
III or IV) for ovarian carcinoma is common and
mortality has decreased little during the last
several decades.

The prevalence of mucinous versus serous
cystadenocarcinomas is age dependent; in
women under the age of 40, most are mucinous
while over the age of 40 most are serous.
Younger women developing a malignant epithe-
lial ovarian tumor are more likely to have a 
borderline and early-stage tumor than are older
women; also, the 5-year survival rate is
significantly better in younger patients.

Migratory thrombophlebitis is a known 
complication of a number of internal malig-
nancies, including ovarian cancers (Fig. 12.18).
Thrombocytosis and venous thrombosis is
significantly more prevalent in patients with
ovarian epithelial carcinoma than in those with
benign cysts or controls.

Genetics: About 95% of ovarian cancer is
sporadic. Yet epithelial ovarian cancers occur 
in certain families and an autosomal dominant
transmission is evident. Cancers in these fami-
lies occur at a younger age than the general pop-
ulation and daughters of mothers with ovarian



753

FEMALE REPRODUCTIVE ORGANS

cancers develop their ovarian cancer at a
significantly younger age than their mothers.
Several distinct cancer syndromes have been
described: hereditary site-specific ovarian
cancer, hereditary breast–ovarian cancer syn-
drome, and as part of a nonpolyposis colorectal
cancer syndrome (Lynch syndrome II). Muta-
tions in the BRCA1 tumor suppressor gene,
located on chromosome 17q21, are responsible
for most cases of inherited predisposition to
breast and ovarian cancer, followed by mutation
of the BRCA2 tumor-suppressor gene.

Some sporadic ovarian cancers have muta-
tions in the p53 tumor-suppressor gene.
Invasive serous and undifferentiated ovarian
carcinomas reveal p53 mutations and loss of
genetic material in chromosome 17 and other
chromosomal complexes, findings uncommon
in mucinous and endometrioid carcinomas
(44). KRAS mutations are found in up to half of
mucinous ovarian carcinomas and mucinous
borderline malignant tumors (44). Also, p53
protein accumulates similarly in both mucinous
cystadenocarcinomas and borderline malignant

mucinous tumors, and in the latter tumors it can
also be identified in morphologically benign
tumor regions.

Associated Conditions: Women with a
primary ovarian or uterine carcinoma are at
increased risk of developing a second primary
malignancy of the colon, breast, uterus, and
other organs. This increased risk is explained, in
part, by the therapy of the primary malignancy,
although undoubtedly such factors as heredity
and hormones also play a role. Most of these
second primary tumors are detected by symp-
toms from the second tumor and not follow-up
of the primary cancer.

The dominantly inherited Li-Fraumeni syn-
drome consists of a genetic predisposition to
sarcomas, breast carcinomas, ovarian neo-
plasms, and other tumors. Members of Li-
Fraumeni syndrome families also are at risk of
developing multiple primary cancers, with the
highest risk being in those who survive child-
hood cancer (45); about 50% of these families
have germline mutations of tumor-suppressor
gene p53.

Figure 12.18. Deep venous thrombosis associated with ovarian cancer. A: Extensive pelvic venous occlusions are present. B: 
Contrast-enhanced CT identifies an enhancing pelvic tumor containing central necrosis. (Source: Sandstede JJW, Krause U, Pabst T,
et al. Deep venous thrombosis and consecutive pulmonary embolism as the first sign of an ovarian cancer. J Magn Reson Imaging
2000;12:497–500, with permission from Wiley-Liss, a subsidiary of John Wiley & Sons.)
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A rare ovarian adenocarcinoma develops
years after tamoxifen therapy.

Screening: Currently no consensus exists
regarding screening for ovarian carcinoma,
although several studies suggest that trans-
abdominal US has a moderate sensitivity in
detecting ovarian cancer. Endovaginal US
identifies most normal-to-atrophic ovaries in
postmenopausal women, and even in those 
with nonvisualized ovaries an assumption of
no tumor can be made. Adding Doppler US
improves the tumor detection rate. Both
endovaginal US and Doppler US suffer from 
a high false-positive rate and thus a low
specificity. Nevertheless, screening US is not
universally recommended, but it probably is of
value in those with a family history of ovarian
cancer.

Neither CT nor MRI is indicated for screen-
ing ovarian cancer.

In some women, but probably only in a
minority with stage I tumors, elevated serum
CA-125 levels are detected prior to the cancer
being clinically evident. Ovarian cancer syn-
drome families have been screened with serum
CA 125 and endovaginal US, with mixed 
results. Serum CA 125 is a glycoprotein tumor
marker; elevated levels are also found in a
number of other malignancies, including breast,
endometrium, colon, pancreas, and some non-
malignant conditions, such as endometriosis,
PID, pregnancy, uterine leiomyomas, and some
liver disorders. CA-125 levels fluctuate during
the menstrual cycle. It is insensitive with muci-
nous cancers. Its current major use is in follow-
ing response to therapy and evaluating
recurrence.

Pathologic Study

Ovarian epithelial neoplasms range from ade-
nomas to adenocarcinomas, either serous or
mucinous. A cystic structure is quite common.
Overall, the serous variety predominates, and
serous cystadenomas are slightly more common
than serous cystadenocarcinomas. Some carci-
nomas are associated with an underlying
ovarian abnormality, such as a complex cyst.
Especially with the mucinous variety, a tumor
may show considerable histopathologic vari-
ability and contain both benign and malignant
components.

The best prognosis is with mucinous and
endometrioid carcinomas, while a poorly dif-
ferentiated carcinoma has the worst prognosis.
With ovarian cystadenocarcinomas a better
prognosis is associated with normotypic
tumors, those having a mostly cystic content, a
mononuclear infiltrate, limited histologic
atypia, and no invasion.

Human papilloma virus RNA is detected in
some ovarian carcinomas, although the biologic
significance of this finding is not clear.

Most serous adenomas are unilocular and
lined by a single cell layer, with a minority
having solid papillary projections or a fibrous
component. They vary in size considerably.
About half of serous adenocarcinomas develop
bilaterally. Serous adenomas, on the other hand,
tend to occur unilaterally. Some consist mostly
of an adenomatous component but contain 
foci of borderline or carcinomatous cells,
thus suggesting a counterpart to the large 
bowel adenoma-carcinoma sequence—a con-
troversial topic among pathologists. Serous
ovarian carcinomas contain solid regions of
tumor and varying amounts of necrosis and
hemorrhage. Grade 1 tumors have a fine papil-
lary structure, while grade 3 tumors consist of
sheets of undifferentiated cells. In general, the
less differentiated tumors are more prone to
hemorrhage, necrosis, and increased solid 
components.

Primary ovarian serous carcinomas are his-
tologically identical to the rare primary peri-
toneal papillary serous carcinoma. These serous
tumors presumably have a multifocal origin.
Confusion between these two entities abounds
in a setting of a serous carcinoma discovered in
the peritoneal cavity—is it a metastatic ovarian
or a primary peritoneal tumor? The practical
significance of such a differentiation is in the
better prognosis with a primary peritoneal
tumor.

A majority of mucinous ovarian tumors are
benign. Both benign and malignant mucinous
neoplasms are more common unilaterally.
These tumors tend to be multilocular and an
occasional one is huge. Similar to their serous
counterpart, the cystic component of benign
ones tends to be lined by a single cell layer, while
the carcinomatous ones contain more solid
components. More malignant ones often have
less mucin and resemble other solid epithelial
carcinomas.
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The term borderline malignant tumor of the
ovary (also known as low malignant potential
tumor) designates a slow-growing epithelial
tumor having a low potential for invasion or
metastasis. These tumors are considered by
some to be a distinct histologic and clinical
entity, although aside from a better prognosis
than with a more typical ovarian carcinoma,
nothing suggests that they represent a separate
entity. They can be either serous or mucinous.
The Federation Internationale de Gynecologie
et Obstetrique (International Federation of
Gynecology and Obstetrics) (FIGO) and World
Health Organization (WHO) use stromal inva-
sion, defined as destructive infiltrative growth,
to differentiate between a serous borderline
tumor and an invasive carcinoma. These bor-
derline malignant tumors have a better progno-
sis than more malignant ones, most are FIGO
stage 1 at initial diagnosis. Similar to benign
tumors, if stage 1 borderline malignant tumors
are completely resected, further imaging is of
limited use; on the other hand, with a more
advanced stage, baseline posttherapy CT or MRI
are appropriate.

Evidence suggests that ovarian mucinous
borderline tumors can be subdivided into 
two distinct subtypes: intestinal and müllerian.
Histology of the intestinal subtype reveals 
intestinal differentiation, while müllerian ones
contain no such differentiation. Intestinal
subtype is more likely to be a higher stage than
the müllerian subtype.

An intermediate category, or micropapillary
serous carcinoma, does not manifest a destruc-
tive infiltrative growth pattern but behaves as a
low-grade invasive carcinoma.

Detection

The role of imaging in women with a suspected
or palpable abnormal pelvic tumor of indeter-
minate origin is to determine the site of origin
for that mass and aid in establishing whether it
is benign or malignant. No consensus exists
about the initial imaging modality to be used.
Transabdominal US is often the first imaging
study performed, although endovaginal US is
preferred by some.At times both are performed.
Computed tomography also plays a role, with
MRI gaining credence in some centers as the
imaging modality of choice. Nevertheless, in
many centers most ovarian carcinomas present

in an advanced stage and are detected on phys-
ical examination, with perhaps US being per-
formed prior to exploratory laparotomy. At
surgery the diagnosis is confirmed, the tumor is
staged, and, as appropriate, it is either resected
or debulked.

Calcifications in ovarian adenomas and ade-
nocarcinomas have a fine, amorphous pattern
and are scattered throughout the tumor. Some
calcifications are sufficiently fine that they 
are identified as a diffuse increase in density
throughout the tumor. In general, these
calcifications suggest a serous tumor, in distinc-
tion to the coarser calcifications seen with
mature teratomas.

These tumors range from solid to mostly
cystic. Imaging shows most tumors as large,
thin- or thick-walled, unilocular or multilocular
cysts containing nodules varying in size.
Overall, mucinous tumors tend to be larger than
their serous counterparts.

The most common appearance of a serous
cystadenoma is that of a thin-walled unilocular
cyst. Intracystic papillary projections are found
in some, but their presence should raise suspi-
cion for a carcinoma. The unilocular and thin-
walled ones tend to mimic a functional cyst, and
a diagnosis of ovarian carcinoma is not always
straightforward.

Most mucinous cystadenomas and cystade-
nocarcinomas are multilocular. Thick septa-
tions, nodules, and intratumoral hemorrhage
suggest a carcinoma. Nevertheless, considerable
overlap exists in the imaging findings between
benign and corresponding malignant neo-
plasms. The findings suggesting a malignancy
include a prominent solid component, thick-
ened tumor wall or septa, nodularity, and tumor
necrosis. Tumor spread to peritoneum or other
adjacent structures is more common with a
malignant tumor than with benign disease, but
overlap exists. Also, larger fluid collections are
associated with malignancy.

The CT density of serous tumors is close to
that of water, while mucinous ones approach
soft tissue density. Septal thickness varies 
considerably.

Transabdominal US detects most larger
ovarian carcinomas simply as abnormal cystic
tumors, with cyst echogenicity varying depend-
ing on cyst content. Ultrasonography results are
operator and equipment dependent.Attempts to
differentiate benign from malignant neoplasms
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using morphologic findings have not achieved
wide acceptance, although the presence of a
solid component suggests a malignant tumor.
Adding complexity to the issue are borderline
tumors that cannot be reliably differentiated
from either benign or malignant tumors by
their imaging characteristics or their RI and PI
values.

Can endovaginal color Doppler US differenti-
ate benign and malignant ovarian and tubal
tumors? In general, a low tumor marker CA 125
and Doppler US evidence of a lack of tumor
blood flow exclude ovarian malignancy. Cen-
trally located blood vessels are more common
with malignant tumors, but even if no flow is
detected by color Doppler US an ovarian malig-
nancy cannot be excluded. In general, while PI
and RI tend to be lower for malignant ovarian
tumors, the values overlap and it seems reason-
able to conclude that neither index is sufficiently
reliable to be used in differentiating benign
from malignant ovarian tumors. A diastolic
notch is found in many benign tumors but is
uncommon in malignant tumors. No single
Doppler US criterion can differentiate between
benign and malignant tumors, although a com-
bination of the above findings is useful. By 
combining the results of endovaginal US and
Doppler US, a sensitivity of over 90% is achieved
by some operators in suggesting malignancy. In
general, the diagnostic accuracy of endovaginal
US is significantly greater in premenopausal
than in postmenopausal women.

Magnetic resonance signal intensity of muci-
nous cystadenomas and cystadenocarcinomas
varies considerably depending on the amount 
of mucin and blood. Fluid in serous cystade-
nomas has characteristics of water on all 
MR sequences, except when modified by 
hemorrhage.

Larger papillary projections in epithelial
ovarian neoplasms have a distinctive fibrous
stalk terminating in papillae containing signal
intensities similar to fluid on T2-weighted
images; smaller papillae are isointense signal on
T2-weighted images. Papillae enhance post–MR
contrast.

Endometrioid Neoplasms 

Endometrioid ovarian neoplasms often arise in
a setting of endometriosis and most are malig-

nant.Almost one third of these women also have
an endometrial adenocarcinoma. An associa-
tion between ovarian endometrioid carcinoma
and long-term tamoxifen use has been 
suggested.

Histologically, an endometrioid adeno-
carcinoma is difficult to differentiate from a 
carcinoma arising adjacent to a region of
endometriosis. Some endometrioid carcinomas
contain a squamous carcinoma component or a
clear cell carcinoma. An occasional endometri-
oid tumor contains a yolk sac tumor compo-
nent; these are aggressive tumors having a poor
prognosis.A rare well-differentiated endometri-
oid adenocarcinoma is associated with elevated
serum a-fetoprotein levels.

The imaging appearance of most endometri-
oid carcinomas is similar to that of serous and
mucinous ovarian adenocarcinomas. Occasion-
ally an endometrioid carcinoma has a more
solid component, probably related to necrosis.
In distinction to serous and mucinous tumors,
papillary projections are uncommon in
endometrioid carcinomas.

Five-year survival of women with an ovarian
endometrioid carcinoma is similar to those with
a serous carcinoma.

Clear Cell Carcinoma 

Clear cell carcinomas invade locally but have a
better prognosis than their serous and muci-
nous counterparts (in distinction to uterine
endometrial clear cell adenocarcinomas, which
have a worse prognosis than non–clear cell
endometrial carcinomas). A solid component,
including nodules in a unilocular cyst is a
common imaging appearance for these ovarian
tumors. They tend to mimic serous cystadeno-
carcinomas in their imaging appearance.

Staging 

Tumor stage is the major prognostic factor with
ovarian epithelial cancers. The FIGO and TNM
ovarian cancer staging systems are outlined in
Table 12.5.

Ovarian malignancies tend to be initially
diagnosed and staged during exploratory
laparotomy. Evaluation under general anesthe-
sia is relatively accurate for localized tumors,
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but is insensitive for more advanced lesions;
extensive adnexal infiltration and lymphatic
involvement are difficult to stage accurately.
Complete staging includes hysterosalpingo-
oophorectomy, para-aortic and retroperitoneal
lymph node biopsy, omentectomy, peritoneal
biopsy, and peritoneal washings.

Ovarian adenocarcinomas spread primarily
to the peritoneal cavity, followed by adjacent
structures and lymph nodes. The serous variety
involves lymphatics more often than its muci-

nous counterpart. Hematogenous spread is 
a late occurrence. Peritoneal involvement, or
pseudomyxoma peritonei, is more common
with a mucinous carcinoma.

Chest radiography continues to be used to
stage these tumors. Intravenous urography is
rarely employed for staging. A barium enema is
useful with the larger tumors to gauge colorec-
tal invasion and with suspicion that an ovarian
tumor may represent a colorectal metastasis
rather than a primary tumor. In a number 

Table 12.5. FIGO and TNM staging of ovarian tumors

FIGO TNM
stage stage

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor

IA T1a Tumor limited to one ovary;
capsule intact, no tumor on
ovarian surface; no malignant
cells in ascites or peritoneal
washings

IB T1b Tumor limited to both ovaries;
capsules intact, no tumor on
ovarian surface; no malignant
cells in ascites or peritoneal
washings

IC T1c Turner limited to one or both 
ovaries with any of the
following: capsule ruptured,
tumor on ovarian surface,
malignant cells in ascites or
peritoneal washings

IIA T2a Extension and/or implants on 
uterus and/or tube(s); no
malignant cells in ascites or
peritoneal washings

IIB T2b Extension to other pelvic tissues;
no malignant cells in ascites or
peritonea washings

IIC T2c Pelvic extension (2a or 2b) with 
malignant cells in ascites or
peritoneal washings

IIIA T3a Microscopic peritoneal metastasis 
beyond pelvis

IIIB T3b Macroscopic peritoneal metastasis 
beyond pelvis 2 cm or less in
greatest dimension

FIGO TNM
stage stage

IIIC T3c Peritoneal metastasis beyond 
pelvis more than 2 cm in
greatest dimension and/or
regional lymph node metastasis

Lymph nodes:
Nx Regional nodes cannot be 

assessed
N0 No regional lymph node 

metastasis
IIIC N1 Regional lymph node metastasis

Distant metastasis:
Mx Distant metastases cannot be 

assessed
M0 No distant metastasis

IV M1 Distant metastasis (excludes 
peritoneal metastasis)

TNM pathologic classification:

Stage grouping:
Stage IA Tla N0 M0
Stage IB Tlb N0 M0
Stage IC Tlc N0 M0
Stage IIA T2a N0 M0
Stage IIB T2b N0 M0
Stage IIC T2c N0 M0
Stage IIIA T3a N0 M0
Stage IIIB T3b N0 M0
Stage IIIC T3c N0 M0

any T N1 M0
Stage IV any T any N M1

Note: Presence of ascites does not affect staging unless malignant cells are present.
Source: From the AJCC Cancer Staging Manual, 6th edition (2002), published by Springer-Verlag, New York, NY, used with permission of the 
American Joint Committee on Cancer (AJCC), Chicago, IL.
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who will not benefit from cytoreductive 
surgery.

Incidentally, postcontrast CT identified
ovarian vein thrombosis in 80% of women 
after abdominal hysterectomy and bilateral
salpingo-oophorectomy (49); no clinical throm-
bophlebitis was evident.

Follow-up/Metastasis 

Follow-up of a woman with a previous ovarian
carcinoma includes a physical examination,
serum CA-125 levels, and imaging. CA 125 is
useful in detecting recurrence of most (but not
mucinous) ovarian carcinomas.

A longitudinal study in women with treated
ovarian cancer found contrast-enhanced MRI to
have a sensitivity of 91% and specificity of 87%
in detecting residual tumor—results superior to
serum CA-125 level and physical examination
(50). Nevertheless, CT has a limited role in
routine follow-up after carcinoma resection.
Because of a high false negative recurrence rate,
a normal CT scan is of limited use, realizing that
a true positive study can save reexploration. On
the other hand, in women with suspected or
known recurrent ovarian cancer who are con-
sidered for secondary cytoreductive surgery, CT
aids in differentiating between those amenable
to debulking and those with an nonresectable
tumor (51); hydronephrosis and pelvic sidewall
invasion were findings pointing to tumor non-
resectability. In some institutions a second-look
laparotomy is preferred as a viable follow-up
procedure.

Some investigators find that conventional
imaging sensitivity and specificity are improved
considerably by also performing whole-body
FDG-PET (52), results difficult to place in per-
spective because other studies have found that
FDG-PET does not improve the overall diag-
nostic accuracy in detecting recurrent ovarian
carcinoma (compared with CT), especially for
small tumor recurrences (53). It does have a role
in women with inconclusive other imaging.

Magnetic resonance imaging is useful prior
to reexploration in women with surgically
staged ovarian cancer. Although MRI misses
small implants, it does detect larger ones. Either
a hyperintense abnormal structure on T2-
weighted spin-echo (SE) images or early con-
trast enhancement on dynamic subtraction
images suggests a recurrent tumor. Postopera-

of institutions colonoscopy is used instead,
although little evidence exists that it is superior
to a barium enema.

An overall staging accuracy appears similar
for CT and MRI; neither imaging modality
detects small mesenteric or small bowel
implants.A CT limitation is its inability to detect
subtle bowel serosal involvement and early peri-
toneal spread. Magnetic resonance imaging
probably has similar limitations, but the evi-
dence for this is not clear. Somewhat better
results are obtained in staging advanced ovarian
cancer; The Radiological Diagnostic Oncology
Group reported a 92% CT sensitivity, 95% for
MRI, and 69% for US in detecting peritoneal
metastases (46); both CT and MRI were espe-
cially useful in subdiaphragmatic spaces and
hepatic surfaces. Preoperative evaluation of
pelvic and paraaortic lymph node metastases
has a low sensitivity but high specificity, a con-
sequence of assuming that lymph nodes above
a certain size (typically 1.5 cm or larger) are
involved by metastases. With these criteria,
the detection of para-aortic lymph node metas-
tases is greater than that for pelvic node involve-
ment. One study achieved a MRI sensitivity of
only 28% for pelvic lymph node involvement
(47), a not untypical result. Complicating nodal
analysis is that some women have positive
paraaortic nodes but no pelvic node involve-
ment; para-aortic node metastasis presumably
occurs both by spread from pelvic nodes and
directly.

Magnetic resonance imaging achieved a sen-
sitivity of 73–77% for detecting bowel and
mesentery spread, considerably better than for
omental (38%) and lesser sac (43%) involve-
ment (47). Carcinomatosis is detected with
about a 90% sensitivity and specificity.

Addition of FDG-PET to CT increases accu-
racy of staging ovarian cancer considerably (48)
and these dual modalities will undoubtedly be
employed more often in the future.

Therapy

The current therapy for large, bulky ovarian 
carcinomas is cytoreductive surgery followed 
by chemotherapy. Such an approach is often 
not curative but does result in clinical remis-
sion and prolongs survival. Computed tom-
ography aids in identifying those women 
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tive fibrosis is hypointense on both T1- and T2-
weighted MRI, and thus MRI should allow dif-
ferentiation of fibrosis from recurrent tumor.
Postoperative distortion, however, often results
in a complex picture. Dynamic postcontrast
subtraction MRI appears more accurate than
precontrast imaging in differentiating fibrosis
from recurrent tumor, although both sequences
are often obtained.

In a prospective, blinded study of women
with ovarian carcinoma, normal CA-125 levels,
and no clinical evidence of disease after
primary cytoreductive surgery and cytotoxic
chemotherapy, immunoscintigraphy using
indium-satumomab pendetide detected disease
in all women with histologically proven tumor
at reassessment laparotomy (54).

After the initial curative therapy, distant
metastases are more common than local spread.
Metastasis to the peritoneal cavity or even the
stomach is not uncommon even with normal-
sized preoperative ovaries.

Lymphatic spread is common. Enlarged
paracardiac lymph nodes, detected by CT,
represent a significant adverse prognostic
factor.

Peritoneal involvement can be followed with
peritoneal washings, which are often positive
prior to imaging detection. Cul-de-sac aspira-
tion cytology is useful in detecting tumor 
recurrence; it can be the only indication of
recurrence. If needed, an implanted reservoir
provides peritoneal washings for cytology at set
intervals. Paracentesis and laparoscopy are not
without risk, however; abdominal wall metas-
tases develop in a minority of women at laparo-
scopic or paracentesis sites. Most of these
metastases occur in a setting of FIGO stages IIIC
to IV.

Metastasis to the liver as the first site is
unusual, although eventual liver involvement,
detected at autopsy, is relatively common.
Abdominal or pelvic recurrence usually pre-
cedes lung metastases, but lung metastases, in
the absence of disease in the abdomen and
pelvis, occurs in 3% to 5% of women (55,56),
and those with chest involvement usually also
have elevated serum tumor markers.

Ovarian carcinoma metastasizes to the
central nervous system. Most of these are serous
cystadenocarcinomas. Unusual sites for metas-
tases include axillary lymph nodes, inferior
vena cava, breast, and bone.

Squamous Cell Carcinoma 

Most primary ovarian squamous cell carcino-
mas are part of a dermoid cyst or associated
with endometriosis, although an isolated squa-
mous cell carcinoma also occurs. Some are 
associated with a cervical neoplasm. Human
papilloma virus is identified in some of these
tumors.

Ovarian squamous cell carcinomas tend to be
solid except for regions of necrosis.

Brenner (Transitional Cell) Tumor 

Brenner tumors, or transitional cell tumors, are
of epithelial-stromal origin. Their appearance is
similar to transitional cell uroepithelium, most
are considered benign, but an occasional one is
of low malignancy or even represents a transi-
tional cell carcinoma. Some are associated with
mucinous ovarian neoplasms. Occasionally
found are bilateral Brenner tumors.

Imaging reveals most to be solid tumors, at
times quite large. Extensive calcifications are a
characteristic finding. A cystic component
found in some of these tumors probably repre-
sents another cystic neoplasm.

These tumors tend to be hypointense on 
both T1- and T2-weighted MRI and thus 
appear similar to an ovarian fibroma or uterine
leiomyoma.

Psammoma Tumors 

Psammoma ovarian carcinomas tend to be of
low malignancy, comparable to borderline-
malignant ovarian tumors. Some contain exten-
sive calcifications and can mimic a leiomyoma.

Sarcoma

Primary ovarian sarcomas are rare. Most are
mixed müllerian tumors and include such com-
ponents as endometrioid stromal sarcoma,
rhabdomyosarcoma, or even a chondrosarcoma
or adenocarcinoma. These tend to be rather
aggressive tumors. A primary ovarian leiomyo-
sarcoma developed in an adolescent who had
prior radiation therapy for a medulloblastoma
(57).

An ovarian fibrosarcoma contains solid, CT
contrast-enhancing regions and a cystic com-
ponent consisting of hemorrhage, degeneration,
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and necrosis. Fibrosis is not a prominent feature
with these tumors and MR is nonspecific.

Similar to other sites, a primary ovarian
angiosarcoma is a solid tumor usually contain-
ing multiple necrotic and hemorrhagic foci.

Malignant Germ Cell Tumor 

Malignant ovarian germ cell tumors account for
2% to 5% of all ovarian cancers. Age at presen-
tation is considerably younger than with epithe-
lial carcinomas. These tumors are mostly solid,
heterogeneous, tend to necrose with growth,
and develop amorphous calcifications (Fig.
12.19). Any septa present tend to be thick.

Generally a biopsy is necessary for diagnosis.
2-[18F]-fluoro-deoxy-D-glucose–PET in

women after therapy reveals residual viable
tumors to have an intense FDG uptake, allowing
differentiation from mature teratomas, necrosis,
or scar (58).

Dysgerminoma 

Dysgerminomas are malignant, undifferenti-
ated germ cell tumors. They represent the
female counterpart to testicular seminomas.
They occur almost always in adolescents and
young women; some develop during pregnancy
and some are bilateral. Increased prevalence is
found in gonadal dysgenesis.

Some dysgerminomas result in hypercal-
cemia, leading to renal medullary calcinosis and

vascular calcifications. A minority contain syn-
cytiotrophoblasts and result in elevated b-hCG
levels, but the a-fetoprotein levels are normal.
As an example, a dysgerminoma with syncy-
tiotrophoblastic giant cells was found in an 
18-year-old phenotypic woman with 46,XX
gonadal dysgenesis (59).

Lymph node involvement and intraperi-
toneal tumor nodules are common, with the
nodules generally being small and few in
number, but ascitic fluid cytology is positive in
over half.

Imaging reveals a solid, multilobulated
tumor. Internal fibrovascular septa are com-
mon. At times color Doppler US reveals promi-
nent flow within septa.

These tumors are radiosensitive.

Immature Teratoma 

Immature teratomas are rare, malignant germ
cell origin neoplasms found mostly in girls and
young women. These are rapidly growing,
mostly solid tumors. Similar to their benign
counterpart (mature cystic teratoma), they
contain tissue from all three germ cell layers, but
some of this tissue is immature or embryonic in
origin. Some contain yolk sac tumor elements,
and this component presumably accounts for
the occasionally elevated serum a-fetoprotein
levels. Any cystic component contains fluid
ranging from water density to blood or seba-
ceous material (Fig. 12.20). Some immature 

Figure 12.19. Ovarian germ cell tumor with crossover syndrome in a 7-year-old girl with pain and precocious puberty. A,B: Two CT
images show bilateral complex, cystic ovarian tumors with left one containing calcifications. The right ovary was stimulated by the
left ovarian tumor. (Courtesy of Luann Teschmacher, M.D., University of Rochester.)

BA
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teratomas are associated with an ipsilateral
mature teratoma.

At initial presentation most immature 
teratomas are larger than mature teratomas.
Solid, irregular components predominate.
Many contain amorphous calcifications and
often also fat and old blood. Peritoneal spread is
common.

MRI reveals solid tumors containing numer-
ous cysts and punctate foci of fat (60); the solid
components are heterogeneous on T2-weighted
images. Cysts tend to contain simple fluid, in
distinction to the sebaceous fluid in most
mature cystic teratomas. Presence of ascites
suggests peritoneal spread.

After chemotherapy some immature ter-
atomas undergo maturation and resemble
mature teratomas.

Embryonal Cell Carcinoma 

A pure embryonal cell carcinoma is rare. More
often it is part of another tumor. It is associated
with elevated serum a-fetoprotein and b-hCG
levels. It is the female equivalent of male testic-
ular carcinomas.

In the appropriate clinical setting this tumor
and choriocarcinoma result in precocious
puberty.

Yolk Sac (Endodermal Sinus) Tumor 

A yolk sac tumor, or endodermal sinus tumor,
occurs mostly in girls and young women. It is a
highly malignant ovarian and occasionally
vaginal tumor. These tumors are believed to
originate from an embryonal carcinoma differ-
entiating into yolk sac structures. They are asso-
ciated with contralateral or ipsilateral ovarian
mature cystic teratomas. Yolk sac tumors are
characterized by their rapid growth, early
metastasis, and rapid recurrence following
therapy. Abdominal pain and a palpable mass
are typical presentations.

Computed tomography reveals yolk sac
tumors to be complex, having a heterogeneous
appearance, with hemorrhage and necrosis
often present. They range from predominantly
cystic to solid. Ultrasonography findings vary
from hypoechoic to hyperechoic. They reveal
marked MR contrast enhancement; FDG-PET
identifies a metabolically active tumor.

The imaging differential diagnosis includes a
tubo-ovarian or appendiceal abscess and other
ovarian cysts and neoplasms.

These tumors tend to result in an elevated
serum a-fetoprotein level; thus if imaging
reveals a complex, mostly cystic pelvic mass in
a young woman, it seems reasonable to obtain
serum a-fetoprotein level. Also, the serum a-
fetoprotein level is useful in gauging the
response to therapy. Surgery combined with
chemotherapy achieves a high survival if the
tumor is limited to the ovary.

Hepatoid Carcinoma 

Primary ovarian hepatoid tumors histologically
resemble hepatocellular carcinomas, although
they are a variant of a yolk sac tumor. These
rare, aggressive tumors found in young women
tend to be large at initial presentation. Admixed
yolk sac tumors are common, but if the tumor
is primarily hepatoid, a metastatic hepatocellu-
lar carcinoma is in the differential. Some are
associated with elevated serum a-fetoprotein
levels.

Choriocarcinoma

Similar to embryonal cell carcinomas, pure
primary ovarian choriocarcinomas are rare and

Figure 12.20. Longitudinal US scan in an 8-year-old girl reveals
a cystic tumor containing mural nodules. It was an immature
ovarian teratoma. (Source: Garel L, Dubois J, Grignon A, Filiatrault
D,Vliet GV.Ultrasonography of the pediatric female pelvis: a clin-
ical perspective. Radiographics 2001;21:1393–1407, with per-
mission from the Radiological Society of North America.)
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most are mixed with other germ cell elements.
The primary form has one of two origins: in
association with an ovarian pregnancy and
nongestationally as a primary germ cell tumor
that differentiates to trophoblastic structures.
Some of these tumors result in an elevated
serum b-hCG level.

Imaging has a limited role in evaluating these
tumors. These are solid and cystic highly vascu-
lar tumors. Larger ones become necrotic and
bleed.

Metastases to Ovary

Metastases to the ovaries originate both from
gynecologic and nongynecologic sites. Among
nongynecologic tumors, breast and gastroin-
testinal tract cancers predominate. Some
authors believe that a hallmark of metastases is
bilateral ovarian involvement, although a multi-
institutional Radiology Diagnostic Oncology
Group study of women with primary ovarian
carcinoma and with a secondary ovarian neo-
plasm found that neither a predominately solid
appearance nor bilaterality was significantly dif-
ferent between these two neoplasm groups (61).
Some tumors metastatic to the ovary mimic a
primary ovarian malignancy. At times a site of
tumor origin cannot be established in the face
of a widespread tumor spread.

Premenopausal ovaries appear to be more
prone to developing metastases, probably
because of their increased vascularity compared
to postmenopausal ovaries.

Krukenberg Tumor

The definition of a Krukenberg tumor has
undergone a change since the original defini-
tion of a gastric adenocarcinoma metastasizing
to either one or both ovaries; presumably this
condition represents drop metastases in the
peritoneal cavity.

Currently many pathologists use the term
Krukenberg tumor to describe a malignant
mucinous signet-ring carcinoma located in the
ovaries. Tumor primaries include the gastroin-
testinal tract, biliary tract, pancreas, and breast.
A rare androgen-secreting Krukenberg tumor is
encountered. Krukenberg tumors have been
reported both in young women and in a 
setting of pregnancy. Surprisingly, a palliative

oophorectomy and partial gastrectomy has led
to long survival or even cure.

These tumors range from mostly solid and
mostly cystic to entirely cystic. The cyst walls
tend to exhibit strong CT contrast enhance-
ment. Typically, MRI reveals a sharp tumor
outline. Occasionally some of the more cystic
tumors contain septations. A hypointense solid
component on T2-weighted images is common
with Krukenberg tumors, a nonspecific finding
also seen with primary ovarian neoplasms.
However, the presence of such a hypointense
component, especially with bilateral ovarian
tumors, should suggest a Krukenberg tumor.
Some of these tumors contain fat, which is
hyperintense on T1-weighted images and
exhibits a decrease in signal intensity on fat-sat-
urated, T1-weighted images (62).

Mesothelioma

An occasional malignant mesothelioma is
confined to one or both ovaries and presumably
represents an ovarian primary. More often,
however, ovarian involvement occurs in a
setting of widespread peritoneal seeding, and
tumor origin cannot be determined. In addi-
tion, the histologic appearance of mesothe-
liomas varies considerably, and many of these
tumors are either initially misdiagnosed by the
pathologist or the diagnosis is uncertain.

These women do not have a history of
asbestos exposure.

Most of these tumors are solid and of soft
tissue density, with only an occasional one
having a cystic component (Fig. 12.21).

Other Metastases 

Colorectal carcinoma metastasis to the ovaries
as initial presentation is uncommon. The excep-
tion is in adolescent girls, when colorectal 
carcinoma has an increased propensity to
metastasize to the ovaries; these metastases
range from solid to multilocular and mimic a
primary ovarian neoplasm.

A uterine endometrial carcinoma does
metastasize to the ovaries; often it is not possi-
ble to differentiate it from a primary ovarian
endometrioid carcinoma.

One woman with an intraoperative diagnosis
of disseminated ovarian carcinoma was found
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to have a metastatic adenocarcinoid, believed to
be primary in the appendix (63).

Metastatic carcinoids, and the difficulty in
distinguishing a metastasis from a primary
ovarian carcinoid, are discussed below (see 
Carcinoid).

Magnetic resonance imaging of the rare
metastatic malignant melanoma reveals a
hyperintense signal on T1-weighted images.
This finding is not seen with the even rarer 
amelanotic melanoma.

Lymphoma/leukemia 

Primary ovarian lymphoma is rare. Ovariec-
tomy is curative in this setting. More often,
generalized non-Hodgkin’s lymphoma involves
bilateral ovaries, usually diffusely. Ascites is
uncommon.

Computed tomography in women with
ovarian lymphoma revealed well-marginated,
often bilateral, hypodense tumors showing only
mild contrast enhancement. Ultrasonography
reveals solid, mostly homogeneous and hypoe-
choic tumors, and color Doppler US identifies
mild vascularity. Magnetic resonance imaging

detects homogeneous tumors moderately
hypointense on T1- and slightly hyperintense on
T2-weighted images, with only occasional con-
trast enhancement. Extensive associated lymph
node enlargement should suggest the diagnosis.
Little contrast enhancement, lack of a cystic or
necrotic component, and no ascites argues
against a primary ovarian epithelial neoplasm.
An ovarian lymphoma can be associated with
small peripheral cysts which represent ovarian
follicles.

Leukemic infiltration of the ovaries does
develop but generally systemic findings 
predominate.

Small Cell Carcinoma 

The term ovarian small cell carcinoma is a
descriptive one and includes several different
tumor lineages. Some ovarian carcinomas are
poorly differentiated and are difficult to catego-
rize, and the occasional primary ovarian tumor
resembling a lung small cell carcinoma falls in
this category. Bilateral tumors are not uncom-
mon. Some also contain a component of another
tumor type, such as an endometrioid carci-

Figure 12.21. Multicystic mesothelioma. A: Transverse fast spin echo (FSE) T2-weighted MR image shows a pelvic tumor containing
a hyperintense signal (arrows). B: Contrast-enhanced T1-weighted image reveals enhancement only in the solid component and
septa of this multicystic tumor. (Source: Szklaruk J,Tamm EP, Choi H,Varavithya V. MR imaging of common and uncommon large pelvic
masses. RadioGraphics 2003;23:403–424, with permission from the Radiological Society of North America.)
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noma, or exhibit squamous differentiation.
Some small cell carcinomas are associated with
hypercalcemia; these occur mostly in girls and
young women and have a poor prognosis.

Histologically, these tumors consist of
diffuse sheets of small cells and a follicle-like
component.

Carcinoid 

Primary ovarian carcinoids are rare. Their
classification is uncertain, but as mentioned
earlier the current thinking is that they repre-
sent a teratoma; a worldwide registry of 329
women with ovarian carcinoids found 57%
associated with a cystic teratoma or dermoid
(64). Differences in carcinoid characteristics in
these two groups are outlined in Table 12.6.
Pathologists include strumal and mucinous
varieties as subtypes of carcinoid tumor. A
majority have a benign course.

Metastatic carcinoids to the ovary are more
common than primary ones. At times differen-
tiation between a metastasis and primary carci-
noid is not possible; the lack of an identifiable
nonovarian primary source does not exclude
metastases. Some authors assume that bilateral
ovarian carcinoids represent metastases rather
than a primary ovarian origin, although excep-
tions probably occur.

Most ovarian carcinoids develop in post-
menopausal women. The carcinoid syndrome is
found only in a minority and appears related to
tumor size.

Carcinoids are solid tumors, and their
imaging appearance is similar to that of other
solid ovarian neoplasms.

Excellent survival follows resection if the
tumor is confined to one ovary.

Primary Ovarian Neuroendocrine Tumors 

Primary ovarian neuroendocrine tumors are
sufficiently rare to be almost ignored by most
authors. They are difficult to classify but pro-
bably belong in the teratoma group. Histologic-
ally they can be subdivided into differentiated,
primitive and anaplastic. They range from
cystic to solid, and benign to wildly malignant.

Three histologic types are identified: differ-
entiated, primitive, and anaplastic. Some res-
emble a medulloepithelioma, ependymoma,
neuroblastoma, or medulloblastoma. The ana-
plastic ones can resemble a glioblastoma. Some
contain foci of a mature cystic teratoma.

Renin Secreting Tumor 

The rare ovarian renin secreting tumor can
result in erythropoietin production and poly-
cythemia. An occasional one results in elevated
testosterone levels and virilization. Imaging
identifies a solid ovarian tumor.

Meigs’ Syndrome 

Meigs’ syndrome is an association of an ovarian
tumor with ascites and pleural effusion but no
tumor spread. The ovarian tumors range from
benign to malignant. Occasionally a nonovarian
tumor, such as a fallopian adenocarcinoma, is
the underlying cause. Serum CA-125 levels are
elevated and often the pleural fluid CA-125 level
is also markedly elevated. Pathophysiology of
the pleural effusion is not clear.

Table 12.6. Comparison of ovarian carcinoids with and without cystic teratoma/dermoid tumors

With cystic Without cystic
teratoma/dermoid teratoma/dermoid

Number of carcinoid tumors 189 (57%) 140 (43%)
Average tumor size 45 mm 90 mm*
Rate of metastases 6% 22%*
Rate of liver spread 2% 15%*
Prevalence of carcinoid syndrome 14% 23%*
Five-year survival 94% 84%*

* Statistically significant differences between two groups.
Source: Adapted from Soga et al. (64).
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This syndrome should be suspected in a
setting of an ovarian tumor, ascites and pleural
effusion, elevated CA-125 level, negative fluid
cytology, and if imaging detects no peritoneal
implants.

Ascites and pleural effusion clear after resec-
tion of the underlying tumor.

Fallopian Tube and Broad 
Ligament Neoplasms 
Fallopian tube epithelial carcinomas include
serous, mucinous, clear cell, endometrioid,
and even a rare squamous cell carcinoma. A
borderline papillary serous tumor, similar in
appearance to its counterpart in the ovary, also
occurs. Mesenchymal and mixed epithelial-
mesenchymal neoplasms are rare. The most
common fallopian tube malignancy is a serous
adenocarcinoma. An occasional one develops
bilaterally. Still, a fallopian tube carcinoma is the
least common primary malignancy of the gyne-
cologic organs.

Fallopian tube cancers are small, solid, and
lobulated tumors having a CT soft tissue 
density and enhancing less than myome-

trium. They tend to be hypointense on T1- and
homogeneously hyperintense on T2-weighted
images (Fig. 12.22). Some are surrounded by
fluid.

Table 12.7 lists both the FIGO and TNM
staging systems for fallopian tube tumors. Pub-
lished 5-year survival rates vary considerably,
but range from 80% to 90% for stage I, dropping
to about 20% for stages III.

Primary broad ligament neoplasms are rare.
The most common one is a leiomyoma, with its
malignant counterpart, leiomyosarcoma, being
extremely rare. A rare granulosa cell tumor
originates in the broad ligament. Broad liga-
ment cystadenomas and carcinomas develop in
a setting of von Hippel-Lindau disease; these
tumors are similar in histologic appearance to
the epididymal tumors found in men with von
Hippel-Lindau disease.

A correct preoperative diagnosis is not
common for fallopian tube and broad ligament
neoplasms. Imaging simply reveals an adnexal
tumor, often containing complex cystic and
solid components. Some patients have an ele-
vated CA-125 level, but the nonspecific nature of
this marker precludes its use in diagnosis; it is
more suitable for follow-up after surgery.

Figure 12.22. Fallopian tube adenocarcinoma in a 76-year-old woman. A: Sagittal FSE T2–weighted MR image identifies a pelvic
mass containing heterogeneous signal intensity. This tumor was in the cul-de-sac, compressed the rectosigmoid colon, and was
adherent to small bowel. B: Transverse postcontrast T1-weighted MR image shows peripheral tumor enhancement with extensive
non-enhancing regions of necrosis. (Source: Szklaruk J, Tamm EP, Choi H, Varavithya V. MR imaging of common and uncommon large
pelvic masses. RadioGraphics 2003;23:403–424, with permission from the Radiological Society of North America.)
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The spread of fallopian tube carcinomas is
primarily to the peritoneum, ovaries, and
uterus. Intravascular spread via the inferior
vena cava is rare.

Uterus
Endometrial Atrophy and Hyperplasia 

Unopposed endometrial stimulation by 
estrogen leads to a greater than normal pro-
liferation of endometrial glands and endo-
metrial thickening. This condition develops in
premenopausal women with polycystic disease,
obesity, and estrogen-producing ovarian
tumors. In postmenopausal women it is most
often secondary to hormone therapy with unop-
posed estrogen.

Ultrasonography outlines the endometrium
and measures its thickness, but cannot dif-
ferentiate between a normal endometrium,
hyperplasia, or a carcinoma. Small endometrial
cysts are found both in atrophy and hyperplasia
and in benign and malignant conditions.
Most imaging studies have thus relied on evalu-
ating a relationship between endometrial 
thickness and the presence of endometrial
disease. Endometrial thickness measured by
endovaginal US is greater than that obtained
with a transabdominal approach, and measure-
ments obtained with these two modalities are
not directly comparable. Intra- and interob-
server agreement of endovaginal US endome-
trial thickness measurements is relatively 
good, but a measurement close to any cutoff
value should be interpreted with caution, espe-
cially if such a measurement affects clinical
management.

A thin endometrium or smooth endometrial
thickening detected by endovaginal hys-
terosonography suggests a benign condition.
The presence of any irregular endometrial
thickening or an inhomogeneous nodularity
suggests a malignancy.

Precontrast MR cannot differentiate endome-
trial thickening from uterine secretions. Both
are hypointense on T1-weighted images and
hyperintense on T2-weighted images. Postcon-
trast, however, the endometrium enhances
while secretions do not. Blood in the endome-
trial cavity can be differentiated on precontrast
images; blood is hyperintense on T1-weighted
images.

Table 12.7. TNM staging of fallopian tube tumors

FIGO TNM
stage stage

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma-in-situ

IA T1a Tumor limited to one tube 
without serosal penetration

IB T1b Tumor limited to both tubes 
without serosal penetration

IC T1c Tumor limited to one or both 
tubes with extension through
tubal serosa

IIA T2a Extension or metastasis to uterus 
and/or ovaries

IIB T2b Extension to other pelvic 
structures

IIC T2c Extension to pelvis with 
malignant cells in ascites or
peritoneal washings

IIIA T3a Microscopic peritoneal metastases 
outside pelvis

IIIB T3b Macroscopic metastases less than 
2 cm in diameter

IIIC T3c Peritoneal metastases greater 
than 2 cm in diameter

Lymph nodes:
Nx Regional nodes cannot be 

assessed
N0 No regional lymph node 

metastasis
IIIC N1 Regional lymph node metastasis

Distant metastasis:
Mx Distant metastases cannot be 

assessed
M0 No distant metastasis

IV M1 Distant metastasis

TNM tumor stages:
Stage 0is Tis N0 M0
Stage IA T1a N0 M0
Stabe IB T1b N0 M0
Stage IC T1c N0 M0
Stage IIA T2a N0 M0
Stage IIB T2b N0 M0
Stage IIC T2c N0 M0
Stage IIIA T3a N0 M0
Stage IIIB T3b N0 M0
Stage IIIC T3c N0 M0

any T N1 M0
Stage IV any T any N M1

Note: Both the Federation Internationale de Gynecologie et d’Ob-
stetrique (FIGO) and TNM systems are included for comparison.
Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.
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The use of oral contraceptives results in 
a gradual decrease in uterine size; the
endometrium thins and shows little variation
with menstrual cycle.

In postmenopausal women the endometrium
is atrophic, and a thickened endometrium is
presumptive evidence of a cancer; keep in mind
that thickness measurements for hyperplasia
and carcinoma overlap. Endovaginal US readily
measures endometrial thickness. One problem
is that the measured maximal endometrial
thickness in postmenopausal women with
endometrial atrophy and no abnormality varies
considerably, ranging from 1.5 to 6 mm in
various studies. The cutoff value below which
the endometrium is considered normal is some-
what arbitrary, and resultant sensitivities and
specificities of detecting endometrial disease
vary, depending on the assumed endometrial
normal cutoff thickness. A lower assumed limit
for normal thickness increases confidence in a
conclusion that no cancer is present and curet-
tage can be avoided. A higher assumed limit
decreases the number of false positives and thus
increases specificity, but at the expense of
sensitivity. As an example, the sensitivity of
endovaginal US in detecting endometrial
disease is about 95% to 98% when a maximum
normal endometrial thickness of 2 mm is
assumed, but decreases to about 80% if a 4 mm
cutoff is adopted. A typical study conclusion is
that postmenopausal women with an endome-
trial thickness >4 mm or some other similar
limit need further study. Most cancers encoun-
tered in postmenopausal women are associated
with an endovaginal US measured endometrial
thickness of about 10 mm or more, but it is the
smaller cancers and thinner endometria that are
problematic.

To place this problem in another perspective,
no subsequent abnormalities are detected in
postmenopausal women if the endometrial
thickness is <3 mm or so; an endometrial thick-
ness of >10 mm is associated with hyperplasia,
polyps, and carcinoma. The difficulty is in the
intermediate group, which consists of a third or
more of women with bleeding. Further guidance
is provided in these women if endovaginal US
detects a hypoechoic signal and a central echo
between symmetrical endometrial surfaces—
findings associated with no significant abnor-
mality—while heterogeneity and a hyperechoic
signal suggests an abnormality.

Some studies suggest that endovaginal US in
women with irregular bleedings is as effective as
D&C in detecting endometrial abnormalities
(65), although it has a low specificity in detect-
ing endometrial abnormalities, limiting its use
in this patient population. In spite of these 
limitations, endovaginal US has evolved into a
screening test for endometrial cancer, similar to
the Papanicolaou screening test for cervical
cancer. One should keep in mind, however,
the occasional reported malignancy with an
endometrial thickness of <3 mm.

Sonohysterography provides additional
information. Among asymptomatic postmen-
opausal women evaluated with sonohysterogra-
phy followed by endometrial biopsy before
initiating hormone replacement therapy, hyper-
plasia was discovered in 23% of those with an
endometrial thickness >5 mm and in none with
an endometrial thickness of £5 mm (66); sono-
hysterography also detected other intrauterine
abnormalities in 37% of women with an end-
ometrial thickness of £5 mm and in 64% of
those with an endometrial thickness >5 mm.
The authors concluded that while an endome-
trial thickness of £5 mm does exclude hyper-
plasia, it does not exclude other intrauterine
abnormalities.

In a postmenopausal woman occasionally 
US identifies endometrial fluid and a thin
endometrium. Although such fluid is usually
benign, in rare instances it is associated with a
carcinoma. Intrauterine US using a high-
frequency probe potentially evaluates myome-
trial invasion by an endometrial carcinoma.

Magnetic resonance reveals endometrial
hyperplasia as diffuse endometrial thickening,
best seen with T2-weighted imaging.

Endometrial Ossification 

A rare premenopausal and even rarer post-
menopausal woman develops endometrial
ossifications. Endovaginal US in a 62-year-old
woman revealed a hyperechoic region in the
uterine cavity, suggesting an intrauterine
foreign body (67); histology of endometrial
curettage showed mature bone and a neu-
trophilic infiltrate with no evidence of
malignancy.

Pathologically, endometrial ossification
should not be confused with a müllerian
adenosarcoma.
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Benign Tumors

Endometrial Polyps 

While the term endometrial polyp is a descrip-
tive one, it is generally used to describe a focus
of localized intraluminal endometrial hyperpla-
sia. It is analogous to hyperplastic polyps found
in the large bowel. Clinically, these polyps range
from an incidental finding, a cause for bleeding,
or are associated with infertility. They range
from sessile to pedunculated, single or multiple,
solid or containing cysts. Most are focal, with an
occasional one extending diffusely for varying
lengths. Endometrial polyps are more prevalent
among women with a cervical polyp compared
to those without a cervical polyp.

These polyps can be detected with hysteros-
alpingography. Ultrasonography reveals a focal
homogeneous hyperechoic tumor outlined by
smooth borders; at times a stalk is seen.
Endovaginal sonohysterography (i.e., uterus
distended with fluid) aids in their detection and
generally allows differentiation of endometrial
origin polyps and more deeply placed leiomy-
omata, although one should keep in mind that
an occasional leiomyoma is pedunculated.

T2-weighted MRI reveals endometrial polyps
as hypo- to isointense tumors compared to
normal endometrium. They enhance postcon-
trast. Most authors believe that MRI is not sen-
sitive enough to reliably distinguish a benign
polyp from a malignancy. Nevertheless, T2-
weighted fast spin echo FSE sequences in
women with surgically proved endometrial
polyps or carcinomas found that a central
fibrous core (suggested by a hypointense signal)
and intratumoral cysts (suggested by a hyperin-
tense signal) were more common in endome-
trial polyps than in carcinomas, while
myometrial invasion and necrosis were signs of
a carcinoma (68); overall, a mean sensitivity of
79% and specificity of 89% were achieved in
diagnosing a carcinoma.

Adenomyosis 

Endometrial tissue within the myometrium 
is adenomyosis. The etiology is unknown. Most
often adenomyosis is diffuse, although it also
occurs focally and is then known as an adeno-
myoma. It consists of a focal aggregate of
endometrial tissue and smooth muscle within
the myometrium and has a discrete margin.

An occasional one extends into the cervix. It 
is a common condition that prior to the US 
and MRI era was diagnosed primarily after 
hysterectomy.

Presenting symptoms with adenomyosis and
adenomyoma tend to be nonspecific and mimic
other disorders, including leiomyomatosis. An
adenomyoma is an occasional source of bleed-
ing. Adenomyosis does not respond to hormone
stimulation.

Hysterosalpingography reveals single or mul-
tiple diverticular-like outpouchings extending
into the uterine wall. Not all such outpouchings
represents adenomyosis; many outpouch-
ings are due to dilated glands or have other 
etiologies.

The uterus enlarges in diffuse adenomyosis.
Although US and MR appearances of diffuse
adenomyosis are usually characteristic, an ade-
nomyoma occasionally appears similar to a
small leiomyoma. Endovaginal US, with its
better resolution, does detect adenomyosis.
Published endovaginal US sensitivities in diag-
nosing adenomyosis or adenomyomas are in the
80% range and specificity percents in the high
80s to low 90s range.

Endovaginal US criteria of adenomyomas
consist of poorly defined heterogeneous, hypo-,
and hyperechoic subendometrial nodules con-
taining small anechoic lakes and an asymmetric
myometrial thickness. Although small myome-
trial cysts are common in adenomyosis, some
cysts are congenital in origin and others are
found in such disorders as leiomyomas. A false-
positive diagnosis occurs secondary to vascular
calcifications or muscle hypertrophy.

Endovaginal US and MRI have similar 
accuracies in detecting uterine adenomyosis.
Magnetic resonance imaging is useful during
pregnancy. Diffuse involvement typically
reveals widening of the hypointense junctional
zone on T2-weighted images, while cystic
regions appear hyperintense. An MR junctional
zone thickness of ≥12 mm appears reasonable 
in suggesting adenomyosis. The thickened
hypointense junctional zone often has an irreg-
ular appearance due to smooth muscle hyper-
trophy surrounding endometrial glands.

Magnetic resonance identifies focal adeno-
myomas as poorly marginated hypointense
regions within the myometrium (Fig. 12.23).
Some adenomyomas enhance with contrast, but
their appearance is not specific. Polypoid ade-
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nomyomas have a T2-weighted tumor signal
intensity similar to that of adenomyosis. Ade-
nomyotic cysts are filled with heterogeneous,
often hyperintense fluid on T1-weighted
images; some have a hypointense rim on T2-
weighted images.

Uterine artery embolization is alternate
therapy for women with menorrhagia due to
adenomyosis. Studies suggest an improvement
in symptoms and quality of life (69). Contrast
enhanced MRI after uterine artery embolization
reveals adenomyosis devascularization (70).

Leiomyomatous Tumors

Clinical

Uterine leiomyomas, also called fibroids and
myomas, are well-marginated tumors consisting
of smooth muscle and fibrous connective tissue.
They do not have a true capsule. A familial pre-

disposition exists to uterine leiomyomas. Their
prevalence increases with age and they are more
common in black than in white women.

Leiomyoma growth is variable and unpre-
dictable. Increased tumor vascularity appears to
predispose to growth; a leiomyoma with a
detectable feeding artery is more prone to
increase in volume than one without an
identifiable feeding artery (71). With growth,
ischemia leads to necrosis, hemorrhage, fibrosis,
and calcification. Leiomyomas often grow
during pregnancy; growth tends to be greatest
during the first trimester. Following pregnancy,
some myomas revert to their prepregnancy size.
Some decrease in size after discontinuation of
oral contraceptives.

Leiomyomas range in location from intra-
luminal, to intramural, to subserosal, some 
even being pedunculated. Intramural ones are
confined to myometrium, submucosal tumors
extend into the uterine cavity, and subserosal
ones extend from the outer margin (exophytic).
Intramural leiomyomas are the most common
but the least often symptomatic. Larger myomas
distort the uterine cavity but tend not to inter-
fere with pregnancy unless they are located in
the lower uterine segment or cervix. A submu-
cosal location is the least common, but these 
are most often symptomatic, resulting in dys-
menorrhea and infertility. An occasional 
pedunculated submucosal leiomyoma pro-
trudes into the cervix. Some subserosal leiomy-
omas become pedunculated and mimic an
extrauterine tumor or extend laterally into the
broad ligament and mimics an ovarian tumor.

Lipoleiomyoma

Fat is normally not present in the myometrium,
but is occasionally found in regions of degener-
ation or metaplasia. Fat is also detected in some
leiomyomas, and pathologists label these mes-
enchymal neoplasms lipoleiomyomas. They
constitute about 1% of all leiomyomas. Some
pathologists believe that uterine lipoleiomy-
omatous tumors do not constitute a single
entity but represent two distinct neoplasms:
lipoleiomyoma and angiolipoleiomyoma. The
former probably originates from lipomatous
metaplasia within a leiomyoma, while the latter
is analogous to a renal angiomyolipoma.

Magnetic resonance findings of uterine
lipoleiomyomas vary considerably depending

Figure 12.23. Adenomyosis. Sagittal T2-weighted image
identifies an enlarged uterus containing multiple hyperintense
myometrial foci (arrowheads). (Source: Imaoka I,Wada A,Matsuo
M, Yoshida M, Kitagaki H, Sugimura K. MR imaging of disorders
associated with female infertility: use in diagnosis, treatment,
and management. RadioGraphics 2003;23:1401–1421, with
permission from the Radiological Society of North America.)
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on predominant tumor composition; some are
even hyperintense on T2-weighted images.

Imaging

Intramural myomas are usually evaluated by
transabdominal US and occasionally by
endovaginal US, MRI, and hysteroscopy. Their
follow-up is with US, although if a uterine-
sparing myomectomy is contemplated and
number and specific location of these myomas
is needed, greater accuracy and sensitivity of
MRI is advantageous.

Larger leiomyomas calcify and have a char-
acteristic conventional radiographic appear-
ance familiar to most radiologists.

Computed tomography shows a homoge-
neous, lobular uterine tumor, with any necrotic
regions appearing hypodense. Aside from

necrosis, most myomas enhance with contrast
similar to normal myometrium, while most car-
cinomas are hypodense, although overlap exists
(Fig. 12.24). Submucosal myomas growing into
the uterine lumen tend to have a complex
appearance, contain a hypervascular compo-
nent, and at times mimic a carcinoma or
sarcoma.

In women with uterine tumors, endovaginal
US achieves a sensitivity of 90% to 95% in diag-
nosing leiomyomas. Specificity varies consider-
ably, depending on false-positive rate. Although
endovaginal US is more accurate than transab-
dominal US in a number of conditions, this may
not be true for leiomyomas, especially those
originating from the fundus and transabdomi-
nal US is indicated.

The sonographic diagnosis of most uterine
myomas is straightforward. Most appear as

Figure 12.24. A large degenerative uterine leiomyoma extends
from the pelvis into the abdomen. A,B: CT identifies a heteroge-
neous, cyst-containing, poorly enhancing tumor displacing bowel.
C: A more inferior image identifies a smaller myoma anteriorly
(arrow). In spite of extensive degeneration, only minimal tumor
calcifications were evident. (Courtesy of Egle Jonaitiene, M.D.,
Kaunas Medical University, Kaunas, Lithuania.)

A B
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hypoechoic solid tumors having discrete
margins. With cystic degeneration, especially in
the submucosa, US reveals a “honeycomb”
pattern mimicking endometrial hyperplasia.
Some leiomyomas produce discrete acoustic
shadowing with both transabdominal and
endovaginal US (72). This shadowing originates
from fibroid, muscle, and connective tissue tran-
sitional zones. Central hypoechoic foci and no
detectable Doppler blood flow in some exophytic
leiomyomas presumably represent necrosis.

Endovaginal color Doppler US provides
myoma blood flow data. Intratumoral blood
flow has a negative correlation with myoma size.
Some myomas have PI values <1.0, similar to
some malignancies. In general, neither PI nor RI
can differentiate a myomatous from a nonmy-
omatous uterus.

Magnetic resonance imaging appears 
superior to US in detecting and localizing
leiomyomas and establishing their relationship
to the uterus. Nondegenerated leiomyomas 
are isointense to hypointense on T1- and also
hypointense on T2-weighted images. Tumor
margin is usually well defined, with an occa-
sional hyperintense rim identified on T2-
weighted images. Degeneration results in a
variable appearance, with hemorrhage having a
higher signal intensity on T1-weighted images
and cystic degeneration being hypointense on
T1- and hyperintense on T2-weighted images.
Cystic regions do not enhance after intravenous
(IV) contrast. Some initially nonenhancing
regions postcontrast do eventually enhance on
delayed images, probably due to vascular
insufficiency. If needed, different imaging
planes are useful to show that a pedunculated
leiomyoma connects to the uterus.

Flow voids are detected by MRI between the
uterus and some larger leiomyomas (73); patho-
logically, these flow voids are believed to repre-
sent dilated feeding arteries located outside of
the leiomyoma.

The ovaries should be identified if a sus-
pected leiomyoma has an atypical appearance
or location. If the tumor cannot be separated
from the ovaries, an ovarian fibroma/thecoma is
in the MR differential diagnosis.

Complications

Clinically, some degenerated uterine leiomy-
omas mimic acute appendicitis; US aids in 

differentiating between these two conditions.
Torsion, most often with a pedunculated 
subserosal leiomyoma, and hemorrhagic 
infarct of a leiomyoma lead to ischemia and an
acute abdomen. Magnetic resonance imaging
identifies a hyperintense rim on T1- and a
hypointense rim on T2-weighted images, prob-
ably representing dilated blood vessels at the
periphery.

Occasionally a large leiomyoma results in
urinary retention. Similarly, a more posterior
one can compress the rectum and result in 
constipation. A myomatous uterus compressing
pelvic veins can induce pelvic vein thrombosis.

A leiomyosarcoma develops de novo either
from smooth muscle cells or from sarcomatoid
degeneration of a leiomyoma; the latter is rare
but should be suspected if a myoma increases
rapidly in size.

A rare uterine leiomyomatosis extends into
the vena cava and even intracardiac.

Therapy

Medical therapy of fibroids ranges from nons-
teroidal antiinflammatory drugs (NSAIDs) to
hormonal therapy. Tumors do shrink in size but
generally regrow after cessation of therapy.

Surgical options range from hysterectomy to
myomectomy, including laparoscopic and hys-
teroscopic approaches.

Since the initial description in 1995 of selec-
tive arterial embolization of myomas with
Ivalon particles (74), uterine artery emboliza-
tion has evolved as viable therapy for sympto-
matic myomas. Considerable literature confirms
that it is a less invasive and is safer in women
with symptomatic leiomyomas than a myomec-
tomy (75). Myoma feeding arteries are end-
arteries, while the myometrium is supplied 
by a collateral network. Thus myometrial vas-
cularity tends to be preserved even in the face
of myoma ischemia and necrosis. Presence of
adenomyosis is not a contraindication to
uterine artery embolization because similar
therapy is also beneficial in women with adeno-
myosis. Postprocedure MR suggests that suc-
cessful embolization results in hemorrhagic
infarction (Fig. 12.25). Most investigators
embolize polyvinyl alcohol particles, although 
gelatin microspheres, used in neuroradiology,
appear promising. Most embolizations are 
bilateral; bilateral uterine artery embolization
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can be performed using a single femoral
approach.

First-pass postcontrast MRI can monitor
uterine perfusion after fibroid embolization
(76). The clinical utility of such monitoring is
not clear. Arterial spin tagging MRI assesses
uterine fibroid perfusion before and after arte-
rial embolization (77); this technique provides
an estimate of tumor volume and perfusion
changes after embolization.

Reported symptomatic improvement ranges
from 80% to 85%, results similar to those

obtained with myomectomy. Pain and fever are
common after the procedure. An occasional
postprocedure infection requires hysterectomy.
Sloughed fibroids (78), uterine necrosis (79) and
even death secondary to overwhelming sepsis
after embolization have been reported (80).
Uterine artery embolization can lead to loss of
ovarian arterial perfusion, but US reveals that
most women reestablish perfusion and do not
develop ovarian failure (81). Amenorrhea 
develops in a minority. On the other hand, em-
bolization avoids surgery in most patients, and

Figure 12.25. Uterine fibroid embolization. Shown are arteriograms before (A) and at the end of uterine fibroid embolization (B)
and corresponding MR images before (C) and 1 day after embolization (D). MR images were obtained with an extraslice spin tagging
technique, which evaluates tumor perfusion and tumor volume without the use of contrast. Serial posttherapy MR images revealed
a decrease in original tumor size. (Source: Hagspiel KD, Matsumoto AH, Berr SS. Uterine fibroid embolization: assessment of treatment
response using perfusion-weighted extraslice spin tagging (EST) magnetic resonance imaging. J Magn Reson Imaging
2001;13:982–986, with permission from Wiley-Liss, a subsidiary of John Wiley & Sons.)
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menstrual periods return to normal in 
menorrhagic women. Full-term pregnancy has
occurred after embolization.

Postprocedure imaging follow-up, if deemed
necessary, consists of measuring decrease in
myoma volume, uterine volume, or change in
uterine blood flow. All require that a similar 
preprocedure imaging study be available. A
marked reduction in fibroid volume occurs after
successful embolization, with mean myoma
volume continuing to decrease for a number 
of months. Follow-up US shows about a 50%
eventual reduction in uterine volume. Serial
gadolinium-enhanced MRI reveals that com-
pletely infarcted uterine fibroids eventually
decrease in size considerably, but partially
infarcted ones can regrow and result in recur-
rent symptoms (82). Interestingly, a preem-
bolization high signal intensity on T1-weighted
images predicted a poor response and a high
signal intensity on T2-weighted images a good
response, but the degree of contrast enhance-
ment did not correlate with myoma volume
reduction (83).

Another therapeutic option is laser ablation
of uterine fibroids using an open MR scanner
for needle guidance. One study achieved a mean
fibroid volume decrease of 38% at 3 months
(84); a percutaneous approach under local anes-
thetic was used.

Neither US nor MRI differentiates between a
leiomyoma and a leiomyosarcoma, and one
concern is embolizing a leiomyosarcoma. A
biopsy is generally not helpful. A rationale for
continuing to perform embolization is the very
low prevalence of sarcomatous degeneration,
but a sarcoma is in the differential diagnosis if
a tumor continues to grow after embolization;
sarcomas tend to develop an extensive parasitic
blood supply (85).

Lipoma

Lipomatous uterine tumors include pure
lipomas, fibrolipomyomas, and lipoleiomyomas
(discussed previously). These tumors are not
common. With some, a correct preoperative
diagnosis can be suggested by imaging. Dif-
ferentiation between a lipomatous uterine
tumor and an ovarian dermoid has clinical
significance, because most lipomatous tumors
can be observed. A dermoid, on the other hand,
is associated with more complications and is

usually resected. The boundaries and origin of
a large lipomatous tumor are difficult to estab-
lish with endovaginal US; therefore, in this
setting transabdominal US with its better global
definition is worthwhile.

Ultrasonography shows a homogeneous,
hyperechoic tumor, similar to a dermoid.
Doppler US reveals lack of blood flow. To dif-
ferentiate between the two, a tumor site of
origin needs to be established; a lipomatous
tumor originates from uterine myometrium,
while most dermoids are ovarian in origin.

Hemangiopericytoma

Uterine hemangiopericytomas are rare. They
are readily confused with a highly vascular
leiomyoma or leiomyosarcoma. There is no
specific imaging finding for these tumors.

Adenomatoid Tumor/Benign 
Mesothelioma

These are rare, benign tumors usually present-
ing as a focal mass. An occasional one infiltrates
the myometrium diffusely.

Cervical Cysts

Nabothian cysts, or inclusion cysts, of the cervix
are common. They vary in size considerably.
Although most are incidental findings, the
larger ones and multiple cysts tend to enlarge
the cervix.

T2-weighted MR images reveal a hyperin-
tense signal, reflecting the cystic nature of these
lesions. They are sharply marginated and do not
enhance postcontrast.

Hydrometrocolpos

Hydrometrocolpos means a nonsanguineous
fluid-filled uterus and vagina. The most
common cause is an imperforate hymen,
although it may also be secondary to undetected
vaginal atresia. Hydrometra and hematometra
occur with cervical obstruction. A unilateral
hydro- or hematometrocolpos develops in a
bicornuate uterus with an obstructing partial
vaginal septum.

Ultrasonography of hydrometrocolpos re-
veals a cystic, anechoic structure. Residual
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blood products lead to an increase in 
echogenicity.

Pyometra

The imaging findings of pus in the uterine
cavity, or pyometra, are similar to those seen
with hydrometra or hematometra.

Malignant Tumors of the Uterus and Cervix

A majority of endometrial malignancies 
are adenocarcinomas. Less common are ade-
noacanthomas, transitional cell carcinomas,
adenosquamous carcinomas, and squamous
carcinomas.

Adenocarcinoma

Clinical

The most frequent gynecologic malignancy in
women is an endometrial adenocarcinoma. Ini-
tially detected tumors are mostly stages I and II.
Overall, they are associated with a relatively
good prognosis, with a 5-year disease-free sur-
vival being over 80%. Most develop in post-
menopausal women. Premenopausal women
with these tumors are prone to develop syn-
chronous ovarian malignancies.

An association between human papilloma
virus (HPV) infection and ovarian and endome-
trial carcinomas is controversial. Some studies
point to only a limited association, while others
have found HPV sequences in roughly half of
ovarian carcinomas and some endometrial car-
cinomas. The biologic significance of such
infection is yet to be determined.

Conditions believed to be risk factors for
endometrial carcinoma include those that result
in unopposed endometrial stimulation by
estrogen and include obesity, hypertension,
diabetes mellitus, polycystic disease (Stein-
Leventhal syndrome), long-standing estrogen
use, and functioning granulosa cell tumors 
and thecomas. In premenopausal women some
forms of endometrial hyperplasia evolve into an
adenocarcinoma. On rare occasion an endome-
trial adenocarcinoma develops in a setting of
an intrauterine pregnancy. In postmenopau-
sal women, unopposed estrogen replacement
therapy is associated with these tumors. An

estrogen antagonist, tamoxifen, is used for 
adjuvant therapy of breast cancer. Tamoxifen
has an estrogenic effect on the endometrium,
and therapy increases the risk of endometrial
carcinoma, endometrial polyps, and cystic
hyperplasia.

Even if an endometrial cancer shows no
myometrial invasion, hysterectomy does not
necessarily result in cure; recurrence, peritoneal
dissemination, and lymph node metastases are
possible due to earlier spread.

With growth, some endometrial carcinomas
obstruct the cervix and result in hydrometra or
hematometra.

Screening for endometrial cancer consists
mostly of measuring endometrial thickness
with endovaginal US, especially in post-
menopausal women (discussed in a previous
section).

Pathologic Study

Common endometrial adenocarcinomas pre-
dominate. Less often found are papillary, serous,
mucinous, and clear-cell adenocarcinomas. A
rare oxyphilic cell variant of endometrioid 
adenocarcinoma is believed to represent an
early stage of adenocarcinoma. The rare hepa-
toid adenocarcinoma is discussed in a later
section.

Detection

The diagnostic approach to a woman with post-
menopausal bleeding and suspected endome-
trial carcinoma consists of endometrial and
endocervical curettage performed under anes-
thesia, often on an outpatient basis. A hystero-
scopic approach is used if the above procedure
is unsatisfactory.

Hysterosalpingography is rarely performed
for suspected endometrial carcinoma. The inci-
dentally detected carcinoma appears as a single
or multiple irregular tumor extending into the
uterine cavity.

Computed tomography reveals an endome-
trial carcinoma either as a focal or diffuse
uterine wall thickening. These cancers show 
less contrast enhancement than normal
myometrium or cervix. Cervical canal obstruc-
tion is inferred by detecting intraluminal fluid,
although obstruction may be due to benign
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causes. Some of these cancers are mostly exo-
phytic and are seen as an intraluminal uterine
soft tissue tumor, at times having a cystic
appearance.

Most authorities agree that endovaginal US is
superior to transabdominal US in detecting
endometrial neoplasms. Although endovaginal
US does detect many endometrial cancers with
reasonable certainty, detection of subtle cancers
revolves around measurement of a thickened
endometrium, adjusted for age and possible
hormone therapy (discussed earlier; see
Endometrial Atrophy and Hyperplasia).

Blood flow through an endometrial cancer
can be measured with endovaginal color
Doppler US, but intratumoral blood flow analy-
sis does not predict either tumor stage or
provide a histologic diagnosis and, in fact, does
not discriminate between benign and malignant
endometrium.

The MRI findings of benign endometrial
disease and carcinoma overlap somewhat
(staging is discussed in the next section) 
(Fig. 12.26). Because T2-weighted images 
identify uterine zonal anatomy, they are useful
both in detecting and staging endometrial
cancers. These tumors tend to be isointense 
to normal endometrium, and thus smaller
cancers blend in with the endometrium. With
growth, the endometrium widens, a nonspecific
finding.

Staging

Clinical: Imaging findings of endometrial carci-
noma need to be placed in a surgical perspec-
tive. Clinical staging of endometrial carcinoma
is sufficiently inaccurate that FIGO recommends
surgical staging (FIGO and TNM staging is
given in Table 12.8). Currently most surgeons
stage endometrial carcinoma at surgery and
modify the resultant therapeutic approach
accordingly. In a high surgical risk woman or
with suspected advanced disease, however,
imaging does provide additional information
prior to therapy.

Histologic grade and stage establish the 
prognosis. Prognosis is significantly worse 
with clear cell adenocarcinomas and mixed
endometrial–clear cell types compared with
more typical endometrial carcinoma.

The depth of myometrial invasion is of
prognostic significance. Many surgeons use an
intraoperative visual estimate of myometrial
invasion as a guide to surgical aggressiveness in
staging these tumors. A 50% depth of invasion
is often used to differentiate lower risk from
higher risk patients, and a number of imaging
efficacy studies have also adopted a 50%
myometrial invasion guideline.

In a setting of coexistent adenomyosis and
endometrial cancer, depth of myometrial inva-
sion is better defined by contrast enhanced

Figure 12.26. Endometrial carcinoma. A: Coronal T1-weighted MR image reveals a uterine tumor (arrows). B: Sagittal contrast-
enhanced image better identifies tumor size (arrows), including fluid in an obstructed fundus (arrowheads). (Source: Burgener FA,
Meyers SP, Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic Resonance Imaging. Stuttgart: Thieme, 2002, with permission.)
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dynamic T1-weighted MR imaging than by pre-
contrast images (86).

An elevated preoperative CA-125 level is pre-
dictive of poor survival.

Imaging: Whether CT or endovaginal US is
superior in gauging the depth of myometrial
invasion is debatable. Initial reports suggested a
similar accuracy for both CT and MRI in detect-
ing cervical extension, although the junction
between the uterus and cervix is not clearly
identified by CT. A later helical CT study
achieved a sensitivity of 83% and specificity of
only 42% for detecting deep myometrial inva-
sion and a sensitivity of 25% and specificity of
70% for cervical involvement (87), findings con-
siderably worse than with MRI. The relatively
poor CT soft tissue contrast (compared to MR)
limits CT use in early staging but it is useful in
advanced tumor stages.

Transabdominal US has a limited role in
staging. On the other hand, endovaginal US is
widely employed, achieving sensitivities of 65%
to 90% in differentiating absent or superficial
myometrial invasion from deep invasion (where
deep invasion is generally defined as >50%
myometrial involvement). Ultrasonography
both overestimates and underestimates inva-
sion; false positives include the presence of
other uterine disease, including polyps.

In many institutions MRI has evolved into a
leading role in staging endometrial carcinoma.
Reported MR sensitivity and specificity in
assessing myometrial infiltration are 87% and
91%, for cervical infiltration 80% and 96%, but
for lymph node involvement only 50% and 95%,
respectively (88). In assessing myometrial inva-
sion postcontrast MRI is significantly better
than nonenhanced MR. T2-weighted FSE and
dynamic T1-weighted images are preferred,
with parasagittal and coronal imaging assessing
cervical and myometrial invasion. Overall, post-
contrast MR staging accuracy is about 90%.

Disruption of the hypointense junctional
zone by a hyperintense tumor, identified on T2-
weighted images, implies myometrial invasion,
although the junctional zone is not always
identified in postmenopausal women. Magnetic
resonance imaging staging is degraded by the
presence of benign endometrial disease such 
as endometritis. Most endometrial carcinomas
have less MR contrast enhancement than adja-
cent normal myometrium, with some excep-
tions. A tumor signal intensity in the outer half

Table 12.8. TNM Staging of corpus uteri tumors

FIGO TNM
stage stage

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma-in-situ

IA T1a Tumor limited to endometrium
IB T1b Tumor invades less than half of 

myometrium
IC T1c Tumor invades one half or more of 

myometrium
IIA T2a Tumor limited to glandular 

epithelium of endocervix
IIB T2b Invasion of stromal connective 

tissue in cervix
IIIA T3a Tumor involves serosa and/or 

adnexa without cancer cells in
ascites or peritoneal washings

IIIB T3b Tumor involves vagina
IVA T4 Tumor invades bladder and/or 

bowel mucosa

Lymph nodes:
Nx Regional nodes cannot be 

assessed
N0 No regional lymph node 

metastasis
IIIC N1 Metastasis to pelvis and/or 

para-aortic nodes

Distant metastasis:
Mx Distant metastases cannot be 

assessed
M0 No distant metastasis

IVB M1 Distant metastasis

TNM tumor stages:
Stage 0is Tis N0 M0
Stage IA T1a N0 M0
Stage IB T1b N0 M0
Stage IC T1c N0 M0
Stage IIA T2a N0 M0
Stage IIB T2b N0 M0
Stage IIIA T3a N0 M0
Stage IIIB T3b N0 M0
Stage IIIC T1 N1 M0

T2 N1 M0
T3 N1 M0

Stage IVA T4 any N M0
Stage IVB any T any N M1

Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.
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of the myometrium signifies deep myometrial
invasion, while disruption of the outer myome-
trial stripe is found with tumor extending
beyond myometrium. Early, dynamic MRI is
especially helpful in gauging myometrial inva-
sion; it is more accurate than contrast-enhanced
T1-weighted imaging or conventional T2-
weighted imaging.

Focal disruption of the entire myometrial
thickness implies serosal invasion. It is in
detecting serosal invasion that MR achieves its
lowest sensitivity, with false-positive results
occurring mostly when the myometrium is 
<5 mm thick. Magnetic resonance imaging
achieves an accuracy of about 90% in detecting
cervical invasion. Normally the cervical epithe-
lium is hyperintense on postcontrast images;
continuous cervical epithelial enhancement on
dynamic sequences aids in excluding cervical
invasion (89). Compared to cervical squamous
cell carcinomas, MRI of adenocarcinomas
invading the cervix reveals a larger tumor and
less overall tumor contrast enhancement but
show greater enhancement at the tumor periph-
ery compared to patients with a cervical squa-
mous carcinoma. Occasionally a cancer has a
polyp-like appearance in the cervical canal
without invading cervical epithelium.

Computed tomography and MRI are similar
in detecting nodal involvement, and both are
superior to US. Both CT and MRI simply detect
lymph node enlargement rather than identify
direct tumor involvement.

Intraperitoneal metastases consist of solid 
or cystic tumors. Ascites is common. Small
intraperitoneal tumor foci, however, are readily
missed with imaging.

Bladder or rectal invasion is seen as an 
asymmetric wall thickening, with tumor at
times extending intraluminally. A hyperintense
bladder or rectal wall segment suggests 
invasion.

A chest radiograph aids in assessing lung
involvement.

Recurrence/Metastasis

Metastasis to bone by endometrial carcinoma is
unusual, although an occasional isolated, soli-
tary bone metastasis is detected even before 
the primary tumor. An occasional metastasis 
is to the umbilicus (umbilical metastases of an
abdominal cancer are also called Sister Mary

Joseph nodes). Malignant pericardial effusion
and brain metastases are rare.

A complication of locally advanced cervi-
cal carcinomas is uncontrolled hemorrhage.
Embolization of the bleeding site is a therapeu-
tic option.

Other Carcinomas

Only a limited number of endometrial transi-
tional cell carcinomas have been reported. They
have no distinguishing imaging findings.

A primary endometrial squamous cell carci-
noma is rare. No specific imaging findings are
available. In fact, even curettage specimens may
not be diagnostic, revealing only differentiated
squamous epithelium.

Several hepatoid adenocarcinomas have 
been described in the uterus, where they are
considerably less common than in the ovaries.
An endometrial hepatoid adenocarcinoma
should be suspected if a-fetoprotein levels 
are elevated with a suspected endometrial 
carcinoma.

Sarcoma

Sarcomas represent 3% to 5% of all uterine
malignancies. Leiomyosarcomas and stromal
sarcomas are most common, with mixed mül-
lerian sarcomas and rhabdomyosarcomas being
occasionally encountered.

Most sarcomas are large at initial detection
and imaging simply detects a large, irregular,
necrotic tumor. Often the uterine outline is
difficult to identify.

Stromal Sarcoma

Histologically an endometrial stromal sarcoma
reveals intramural nests of endometrial stromal
cells without endometrial glands. Most often
originating from the endometrium, an occa-
sional one arises from adenomyosis or
endometriosis. A minority of these sarcomas
are associated with antecedent pelvic radiation
therapy. Anecdotal reports describe various
uterine sarcomas developing years after tamox-
ifen therapy for breast cancer. Some exhibit
complex histology and contain ovarian sex
cord-like structures. Smaller ones tend to be
confused histologically with adenomyomatosis
containing few glands; imaging has a limited
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role in differentiating between these two condi-
tions. Also, uterine leiomyosarcomas have a
similar imaging appearance.

Imaging reveals a complex cystic tumor
within the myometrium. The solid component
enhances with contrast. T2-weighted MRI of
patients with endometrial stromal sarcoma
reveals hypointense bands within regions of
myometrial involvement, with pathologic 
study identifying these bands as preserved
myometrium (90); these sarcomas tend to
spread along vessels.

Leiomyosarcoma

Many uterine leiomyosarcomas are an unex-
pected finding after a hysterectomy for uterine
fibromyomas. They have a poor prognosis,
except for the occasional small, noninfiltrating
tumor exhibiting little mitotic activity. Occa-
sionally lung metastases regress after oophorec-
tomy, presumably due to the lack of further
ovarian hormone stimulation.

Ultrasonography findings are similar to those
seen with a leiomyoma, except these tumors
tend to have a more heterogeneous pattern with
hyperechoic and anechoic regions and with
cystic degeneration. Endovaginal color Doppler
US reveals abnormal tumor vessels within sar-
comas, a finding seen only in a minority of
leiomyomas.

The MRI findings of most sarcomas are
similar to those seen with a large leiomyoma.
These tumors have a heterogeneous MR signal
intensity.

Metastases developing after a hysterectomy
for leiomyoma imply a missed low-grade
leiomyosarcoma.

Mixed Müllerian Tumors
(Carcinosarcomas)

Mixed müllerian tumors, also called carcinosar-
comas and müllerian adenosarcomas, com-
monly have a benign, at times pedunculated
appearance. In some immunohistochemical
staining reveals estrogen and progesterone
hormone receptors. A rare one produces a-
fetoprotein. The relationship of such a tumor
with hepatoid carcinomas (discussed previ-
ously) is conjecture. A cystic carcinosarcoma is
rare.

Dynamic MRI of four revealed focal early 
and persistent enhancement, similar to the
myometrium, mixed with regions of delayed
enhancement (91); histology of the early
enhancing component revealed mostly sarco-
matous tissue containing prominent vascularity.

Rhabdomyosarcoma (Botryoides)

Sarcoma botryoides (embryonal rhabdomyosar-
coma) typically occurs in the pediatric age
group and is rare in an adult. In infants it usually
involves the vagina and spreads by direct in-
vasion and lymphatics, while in older girls a
cervical origin is more common. These are 
soft tissue tumors. Necrosis and calcifications
develop in some. They exhibit heterogeneous
contrast enhancement.

Lymphoma

Primary malignant non-Hodgkin’s lymphoma
of the uterus is rare. Cervical lymphoma is
difficult to diagnose because the lymphomatous
infiltrate often mimics an inflammatory condi-
tion (Fig. 12.27). MRI of one primary cervical
lymphoma revealed sparing of mucosa, most of
stroma and uterine junctional zone, differenti-
ating this condition from a carcinoma (92).

Secondary uterine involvement is common in
the late stages of systemic lymphoma.

Cervical Carcinoma

Clinical

The current evidence suggests that HPV plays a
role in cervical cancer. The HPV DNA is present
in most cervical cancers. Immunosuppression
and smoking are also risk factors for cervical
cancer.

Most cervical carcinomas arise at the
squamocolumnar junction. In younger women
this junction tends to be located on the 
ectocervix, but with age evolves into the endo-
cervical canal. These cancers range from adeno-
carcinomas and adenosquamous carcinomas 
to squamous cell carcinomas. A rare cervical 
adenocarcinoma contains other carcinomatous
tissue; thus both choriocarcinomatous and
hepatoid differentiation have developed, pro-
bably either from aberrant differentiation or
neometaplasia of underlying epithelial cells.
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Neuroendocrine differentiation is evident 
in some, especially those with glandular 
differentiation.

Screening is with Papanicolaou smears. This
is not a foolproof test, and both false-positive
and false-negative results occur. A Papanicolaou
smear tends not to detect small-cell carcinomas;
immunohistologic staining is helpful with these.
Overall, small cell cervical carcinomas have a
poor prognosis.

Screening for cervical carcinoma is not prac-
ticed universally.A mass screening program was
started in Finland in the mid-1960s. During the
initial screening years the mean incidence of

cervical carcinoma was 15 per 100,000 patient-
years, while in 1991 it had decreased to 3 (93);
mortality rate also decreased proportionally.
The decrease was primarily in squamous cell
carcinomas rather than in adenocarcinomas.

Detection

Imaging does not have a primary role in cervi-
cal carcinoma detection.

Carcinomas in the ectocervix tend to be
polypoid and extend into the vagina. Endocer-
vical cancers, on the other hand, infiltrate adj-
acent soft tissues. Fluid accumulates in the

Figure 12.27. Systemic malignant lymphoma with uterine
involvement. A: Sagittal T1-weighted MR image identifies a
homogeneous low intensity tumor in the general location of the
uterus (arrows). B: Sagittal T2-weighted image also shows an
enlarged uterus, with the uterine myometrium lacking its usual
zonal appearance.The cervix (arrows) is homogeneous in appear-
ance and is enlarged. C: Postcontrast sagittal T1-weighted MR
image reveals heterogeneous enhancement of an enlarged
uterus. The uterus decreased in size after chemotherapy. (Source:
Kido A,Togashi K, Koyama T,Yamaoka T, Fujiwara T, Fujii S. Diffusely
enlarged uterus: evaluation with MR imaging. RadioGraphics
2003;23:1423–1439, with permission from the Radiological
Society of North America.)
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uterine cavity with cervical canal obstruction. It
is unusual to find a cervical carcinoma invad-
ing the endometrium, although an occasional
one extends into myometrium. Because these
tumors are centered in the cervix, most can be
differentiated from endometrial carcinomas,
which are centered in the endometrium. Com-
puted tomography detects a cervical carcinoma
as a soft tissue tumor either in the ecto- or endo-
cervix. These tumors enhance less with contrast
than do the surrounding soft tissues.

Endorectal US reveals cervical carcinomas 
as poorly defined tumors having indistinct
margins in an enlarged cervix, ranging from
hypoechoic to isoechoic relative to normal
uterine tissue. Endovaginal color Doppler US of
uterine arteries reveals a RI and PI significantly
lower than normal.

In consecutive women, using a 0.5 tesla (T)
unit, endovaginal MRI provided more infor-
mation with stage I cervical carcinoma than 
an external phased array coil MR technique
(94); endovaginal MR sensitivity was 96% and
specificity 70% for tumor detection, while the
external coil technique sensitivity was only 54%
but at a higher specificity of 84%. The authors
believe that the higher specificity with the exter-
nal coil technique was because small abnormal-
ities were seldom identified.

Magnetic resonance imaging reveals a cer-
vical tumor isointense to muscle on T1- and
hyperintense on T2-weighted images (Fig.
12.28). Most tumors are better defined on 
T2-weighted images, although smaller ones
enhance with contrast and tend to be best seen
postcontrast. Contrast enhancement occurs
slightly earlier in a carcinoma than in normal
cervical tissue. Postcontrast images occasionally
show a hyperintense rim.

Staging

Clinical Staging: Initially cervical carcinoma
spreads by direct extension into surrounding
tissues. Pelvic lymph node involvement is
common, with subsequent spread to para-aortic
nodes. Hematogenous metastases are generally
a late finding. Metastases have occurred in an
episiotomy scar, scalene lymph nodes, peri-
cardium, brain, and leptomeninges.

Clinical staging guidelines of cervical carci-
noma by FIGO include chest radiography,

barium enema, and IV urography, but do not
include CT, US, or MRI findings (Table 12.9).
A number of investigators have empirically
modified the FIGO staging classification to

Figure 12.28. Cervical carcinoma. Contrast-enhanced sagittal
MR image identifies a cervical tumor (arrows) having similar
enhancement to uterus. (Source: Burgener FA, Meyers SP,Tan RK,
Zaunbauer W. Differential Diagnosis in Magnetic Resonance
Imaging. Stuttgart: Thieme, 2002, with permission.)

Table 12.9. Staging of cervical tumors

FIGO TNM
stage stage

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma-in-situ

IA T1a Invasive carcinoma diagnosed at 
microscopy

IB T1b Clinically visible lesion
IIA T2a No parametrial invasion
IIB T2b Parametrial invasion
IIIA T3a Tumor involves lower one-third of 

vagina
IIIB T3b Tumor extends to pelvic wall 

and/or or hydronephrosis
IVA T4 Tumor invades bladder mucosa or 

rectum and/or extends beyond
true pelvis

Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.
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include imaging, especially MRI. The latter
offers additional data on stromal invasion and
lymph node involvement. Postcontrast MRI, in
particular, appears very useful. In a number of
practices, a barium enema and IV urography are
no longer obtained in staging these tumors.
Ultrasonography, including endovaginal US, has
achieved only limited acceptance.

Clinical FIGO staging is somewhat inaccu-
rate, especially with nodal involvement and
advanced stages, more often underestimating
rather than overestimating tumor spread. In
fact, lymph node involvement is not assessed 
in clinical FIGO staging. Nevertheless, clinical
FIGO staging is the primary factor guiding
treatment decisions. Imaging also has limita-
tions, as discussed below; nevertheless, imaging
is widely employed for both prognosis and ther-
apeutic decisions.

General Imaging Findings: Relative imaging
accuracy in staging early cervical carcinoma is
not settled. Computed tomography has low
staging accuracy. It cannot evaluate size or
stromal invasion because it does not differenti-
ate tumor from surrounding normal cervical
tissue. Parametrial invasion is difficult to 
define. Computed tomography is useful,
however, in suspected advanced disease, and CT
detects ureteral invasion and the resultant
hydronephrosis as well as rectosigmoid inva-
sion. Comparison studies of CT versus MRI
show MRI to be superior in staging these
tumors (95) and, in general, CT has been largely
supplanted by MRI (Fig. 12.29). Both sagittal
and coronal views are useful.

Endovaginal Doppler US in women with
locally advanced cervical carcinoma reveals
significantly lower RI and PI values for the
uterine arteries than in healthy women; no dif-
ferences exist between tumor stages, and this
information appears of limited use in staging.

In distinction to some other tumors, dynamic
contrast enhanced MR of cervical carcinomas
does not aid in treatment decisions in those
considered for radical hysterectomy (96). T2-
weighted sequences appear superior to contrast
enhanced and fat-suppressed images. A phased
array coil and a body coil achieve similar 
accuracies in local staging of invasive cervical
cancer.

T2-weighted MRI reveals a hyperintense cer-
vical tumor with an adjacent hypointense

stromal ring (assuming the tumor is sufficiently
large to be visible). Preservation of this
hypointense stroma surrounding the tumor on
T2-weighted images argues against parametrial
invasion. Stromal disruption without visible
parametrial tumor invasion is often considered
an indeterminate finding, although the extent 
of stromal invasion detected varies on the
sequences used. Magnetic resonance imaging
can correctly predict myometrial invasion and
identify cancer extension in relation to the
internal os (97).

Regions of increased MR contrast enhance-
ment consist mainly of cancer cell fascicles,
while poorly enhancing regions are composed
mostly of fibrous tissue containing scat-
tered cancer cells (98) (Fig. 12.30). Contrast-
enhanced dynamic MRI assesses tumor 
angiogenesis and appears to have prognostic
significance. MR time versus signal-intensity
curves of tumor contrast enhancement reveals
that high-grade tumors have earlier MR con-
trast enhancement than lower grade ones,
presumably due to their increased vascularity
(99).

Vaginal invasion is usually evaluated clini-
cally. Early vaginal invasion is difficult to detect
with MRI, although MRI aids in detecting for-
niceal invasion. Rectal or bladder wall invasion
is identified either on T2-weighted images or
postcontrast. Magnetic resonance imaging sug-
gests bladder invasion if an irregular bladder
wall outline is evident or tumors protrude into
the lumen.

Lymph Node Involvement: The ability to
detect pelvic lymph node metastases is of
obvious importance for staging gynecologic
cancers, yet a high false-negative rate is 
evident with all imaging modalities. Thus in
patients with various gynecologic cancers,
the sensitivities were CT, 48%; MRI, 54%;
and PET, 24% (100). The specificities, as
expected, were high: CT, 97%; MRI, 91%; and
PET, 77%. Other studies have achieved higher
CT and MRI sensitivities (101), but otherwise
these findings are typical. The poor PET results
are due primarily to urinary FDG making 
the evaluation of pelvic lymph nodes difficult.
A typical imaging definition of a metastatic
node is a rounded soft tissue structure >10 mm
in diameter or a node containing central 
necrosis. Central necrosis had a positive 
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predictive value of 100% in detecting metasta-
sis but is not common. Changing a metastatic
node size criterion influences the sensitivity
and specificity.

Lymphangiography, CT, and MRI are grossly
similar in their ability to detect lymph node
metastasis from invasive cervical cancer;
because CT and MRI are less invasive, they are
preferred. Abdominal US yield in detecting
lymph node metastasis is low, so it has a limited
role. Even intraoperative laparoscopic US of
pelvic lymph nodes detects only slightly more
than half of metastatic nodes.

Therapy

Therapy of premalignant cervical lesions includes
cryotherapy, laser vaporization, and excision.

Therapy for invasive cervical carcinoma is
generally surgical, except with extensive inva-
sion to surrounding structures when radiation
therapy is employed. Radiation therapy is also
an option in those with pelvic recurrence after
initial surgery. Occasionally long survival is
achieved with radiotherapy for an unresectable
cervical carcinoma. Adding chemotherapy
improves prognosis in some.

Figure 12.29. Stage 3B cervical carcinoma.Turbo spin echo (TSE)
(A), fast low-angle shot (FLASH) (B) precontrast T1-weighted
image, and (C) postcontrast 2D images reveal a cervical tumor
with right pelvic wall involvement. The role and optimal
sequences to be used for staging cervical carcinoma are evolving.
(Source: van Vierzen PB, Massuger LF, Ruys SH, Barentsz JO. Fast
dynamic contrast enhanced MR imaging of cervical carcinoma.
Clin Radiol 1998;53:183–192, with permission from the Royal
College of Radiologists.)

A
B

C



783

FEMALE REPRODUCTIVE ORGANS

Clinical stages IB and IIA are treated either by
radical hysterectomy and pelvic lymphadenopa-
thy or radiation therapy, depending on tumor
size, while stages IIB and higher are in the
province of radiation and chemotherapy. Thus 
a finding of parametrial invasion (stage IIB)
affects the therapeutic options.

Local tumor control with radiation therapy
depends on the site and the size of the recur-
rence, the type of therapy, and the dose used.
Survival for those with central recurrence 
is longer than for those with pelvic wall 
recurrence.

Follow-Up

Surgery and radiation distort the subsequent
imaging appearance, and follow-up is simplified
if a posttherapy baseline study is obtained.
Women who undergo laparotomy before radio-
therapy appear to be at increased risk of devel-
oping small bowel obstruction.

Only a few studies discuss whether CT or MR
is preferred for follow-up, although, similar to
other pelvic tumors, a trend appears toward
greater MR use, as it appears to be better able 

to differentiate between fibrosis and recur-
rence. Recurrence is either central around 
the cervix after radiotherapy, or at the vaginal
cuff after hysterectomy, or at the pelvic side
walls.

Magnetic resonance imaging estimates tumor
size rather accurately, and when performed
before and after chemotherapy it aids in evalu-
ating tumor response. Initially both tumor
recurrence and changes secondary to surgery
and radiation are hypointense on T1- and
hyperintense on T2-weighted MRI, but on a
longer term basis (about 1 year or so) fibrosis
also becomes hypointense on T2-weighted
images. Actual results are more complex,
because after radiotherapy local tumor recur-
rence tends to have a heterogeneous T2-
weighted signal, with inflammation during the
early posttherapy period being hyperintense.
Later, cancer, degeneration, and necrosis are
hyperintense, while fibrosis and granulation are
hypointense. Magnetic resonance imaging after
radiation therapy achieves a lower specificity in
detecting tumor recurrence during the first 6
months after start of radiation therapy, but later
sensitivity increases.

Figure 12.30. Cervical carcinoma. Transverse (A) and sagittal (B)
MR images reveal a tumor infiltrating the uterine cervix (arrows).
Right parametrial and myometrial invasion were suspected.
(Courtesy of Egle Jonaitiene, M.D., Kaunas Medical University,
Kaunas, Lithuania.)
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Local spread eventually encases and eventu-
ally obstructs the ureters. Metallic stents, at
times augmented by J-endostents, are useful to
maintain ureteral patency.

Adenoma Malignum

Adenoma malignum (minimal deviation adeno-
carcinoma) of the uterine cervix is a rare neo-
plasm suggested by cytologic atypia but not
detected by cervical biopsy or Papanicolaou
smears. Most authors separate it from the more
conventional cervical adenocarcinoma. Patho-
logically, it tends to have a benign, cystic
appearance and mimics endocervical glandular
hyperplasia or cervical nabothian cysts, which
are filled with mucus. This tumor has a poor
prognosis. It tends to spread to the peritoneal
cavity early in its course and is relatively resist-
ant to radiotherapy and chemotherapy. Interest-
ingly, this tumor often develops in patients with
Peutz-Jeghers syndrome.

Endovaginal Doppler US showed extensive
small vessels surrounding one such cystic
tumor (102).

Magnetic resonance reveals multiple cysts
deep in the cervical stroma. T1-weighted images
shows them to be either isointense or slightly
hyperintense relative to uterus and markedly
hyperintense on T2-weighted images. These
tumors contain solid components, with both the
cystic and solid portions best identified on
postcontrast images.

Whether MR can differentiate adenoma
malignum from more benign cervical cystic
lesions is debatable.

Other Cervical Tumors

An adenosarcoma is a rare tumor, most often
occurring as a polyp in the endometrial cavity.
Less often it originates in the cervix, mimics a
benign cervical polyp, and is resected, and only
histology identifies both he benign epithelial
cells and the sarcomatous stroma.

A rare cervical neoplasm differentiates into a
small cell neuroendocrine carcinoma. Lymph
node metastases are common.

Vaginal Tumors
Many primary vaginal neoplasms are epider-
moid in origin. They tend to have a polypoid 

or superficial ulcerating appearance, and most
occur in the upper half of the vagina.

Carcinoma

A clear cell carcinoma of the vagina is associ-
ated with past exposure to diethylstilbestrol
(DES). These tumors range from polypoid to
infiltrating. Radiology has a limited role in their
diagnosis but MR is useful in gauging spread.

Sarcoma

Vaginal rhabdomyosarcomas are found almost
exclusively in young children, with only a few
reported in postmenopausal women. Imaging is
limited in their evaluation, except in outlining
surrounding anatomy. Ultrasonography reveals
a solid, mostly hypoechoic tumor.

An angiosarcoma infiltrates the surrounding
soft tissues. These highly vascular tumors often
are amenable to preoperative angiographic
embolization.

Melanoma

Primary vaginal melanoma is rare. Most
develop in postmenopausal women and occur
in the lower third of the vagina. A bleeding exo-
phytic tumor is not uncommon. Primary
melanomas tend to infiltrate early, often involve
the lymphatics, and have a poor prognosis.
Melanoma metastasis to the vagina is also rare.

Fat-saturated T1-weighted MRI appears more
useful than more conventional sequences in
establishing the extent of tumor spread.

Metastasis/Invasion

Occasionally a mole invades the vagina. Women
with these hypervascular tumors are at
significant risk for major hemorrhage. Selec-
tive angiography with embolization can be 
lifesaving.

Paravaginal Cysts

Paravaginal cysts can be either inflammatory or
developmental in origin (Table 12.10). They
tend to be well defined and ovoid in shape. Their
content of clear fluid, pus, or blood determines
their imaging characteristics. Similar to other
simple cysts, most paravaginal cysts are
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hypointense on T1- and hyperintense on T2-
weighted MRI. Some have a fluid–fluid level;
the dependent fluid is hypointense and the 
nondependent fluid hyperintense on T2-
weighted images. These cysts show no contrast
enhancement; the presence of a solid compo-
nent or any enhancement should suggest a 
neoplasm.

Urethral Tumors
Most nephrogenic adenomas originate in the
urinary bladder, with only an occasional one
originating in the urethra or even in a urethral
diverticulum. Most mimic other anterior vagi-
nal wall tumors. Magnetic resonance imaging is
useful in defining their extent.

An inverted papilloma of the female urethra
is rare.

Primary urethral melanomas usually involve
the distal portion. Most tend to be polypoid
(103). Most of these tumors contain melanin,
although prominent melanin is found only in a
minority.

Urethral leiomyomas are very rare. Initial
presentation is either acute urinary retention 
or hematuria, with an occasional stress 
incontinence.

The proximal one third of the female urethra
is lined by transitional epithelium, and thus
most proximal urethral carcinomas are transi-
tional cell carcinomas, while distal ones tend
toward adenocarcinomas.At initial presentation
most have already spread to periurethral tissues
and have a poor prognosis. Urethral carcinomas
typically manifest with acute urinary retention.

Lymph node metastasis is not uncommon at
initial presentation. Computed tomography 
and MR reveal a well-marginated tumor with
peripheral enhancement. The bladder base
becomes elevated.

The rare periurethral sarcoma or carcinosar-
coma also presents with acute urinary retention;
imaging should suggest a urethral tumor.

Obstruction
Fallopian Tubes
The most common etiology for fallopian tube
obstruction is pelvic inflammatory disease (dis-
cussed earlier in this chapter).

Hysterosalpingography is generally consid-
ered to be the gold standard in detecting 
fallopian tube occlusion in infertile patients.
False-positive diagnoses of obstruction are
caused by inspissated mucus, tubal diverticula
in the distal ampulla in otherwise patent 
tubes, or insufficient pressure during contrast
injection.

Hydrosalpinx

Fallopian tube obstruction due to any cause can
result in a hydrosalpinx. Some patients under-
going in-vitro fertilization develop a hydros-
alpinx, believed to be secondary both to an
obstruction and increased secretions due to
hormonal stimulation. The hydrosalpinx can be
followed to resolution with serial US.

Magnetic resonance imaging identifies most
dilated fallopian tubes and differentiates them
from other adnexal tumors.

A primary megaureter can mimic a hydros-
alpinx on US.

Recanalization

With lack of contrast spill into the peritoneal
cavity during hysterosalpingography, selective
salpingography differentiates between spasm
and anatomic obstruction, and, if necessary,
fallopian tube recanalization clears an obstruc-
tion (104); successful recanalization can be
achieved in most women. On a long-term basis
a number of these women again develop tubal
obstruction.

Table 12.10. Paravaginal cysts

Inflammatory
Bartholin’s gland cyst
Epithelial inclusion cyst
Mucous cyst

Developmental
Urogenital sinus cyst
Mesonephric cyst

Wolffian duct
Gartner’s duct

Paramesonephric cyst
(Urethral diverticulum)
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Occlusion (Sterilization)

Most sterilization procedures belong in the
realm of the obstetrician/gynecologist. The role
of fallopian tubal occlusion with n-butyl-2-
cyanoacrylate is not yet clear.

Cervix
Benign cervical stenosis is an occasional cause
of infertility. It is often suspected when
difficulty cannulating the cervical canal is
encountered. Therapy consists of cannulating
the cervix under fluoroscopic guidance and
dilating the endocervical canal with balloon
catheters or dilators.

Urethra
Bladder outlet obstruction is rare in women.
Many of these women have had prior pelvic
surgery. An occasional urethral neoplasm is a
cause for obstruction.

Diverticula
Fallopian Tube
Salpingitis isthmica nodosa, or diverticulosis, is
associated with pelvic inflammatory disease.
Mucosal proliferation extends into the muscle
layers, and the fallopian tube wall thickens.
Infertility is common. An increased risk of
ectopic pregnancy is associated with this 
condition.

Hysterosalpingography reveals diverticulum-
like outpouchings in one or both fallopian
tubes. These outpouchings range from solitary
to multiple. The fallopian tubes tend to be
dilated or obstructed, and a diverticulum can
mimic distal tubal occlusion.

Fallopian tube recanalization is possible in
salpingitis isthmica nodosa and may allow
future intrauterine pregnancy.

Urethral

Incontinence and voiding dysfunction, regard-
less of cause, are discussed in Chapter 11.

Believed to represent sequelae of prior
infected, obstructed, and ruptured periurethral
glands, most urethral diverticula in women 

are acquired. Some authors differentiate a true
diverticulum from a pseudodiverticulum, with
the latter representing mucosal herniation
through a periurethral fascial defect. Occasion-
ally multiple, they are periurethral in location,
and are most common along the posterolateral
wall in the distal two thirds of the urethra.

These diverticula fill during voiding and then
empty intermittently. Some larger ones are pal-
pable. The differential diagnosis of a palpable
periurethral soft tissue tumor includes a diver-
ticulum, a periurethral cyst, and a soft tissue
neoplasm.

Periurethral glands and ducts empty close to
the urethral meatus, with the largest ones called
Skene’s ducts.A Skene’s duct cyst, a consequence
of either a congenital abnormality or a chronic
inflammation, is palpable along the anterior
vaginal wall. These cysts do not communicate
with the urethral lumen, and a urethrogram
thus differentiates them from diverticula. Also,
MR identifies not only a cystic structure but also
a solid, enhancing glandular component.

Adenomas and adenocarcinomas originate 
in urethral diverticula and paraurethral ducts
near the urethral lumen. These are difficult to
diagnose.

A radiopaque or lucent calculus forms in
some of these diverticula secondary to stasis; it
needs to be differentiated from a malignancy,
generally an adenocarcinoma.

Urethral diverticula are studied with voiding
cystourethrography, double-balloon urethrog-
raphy, and US using an endovaginal, endorectal,
or transperineal approach. False-negative
results occur with all of these procedures.
Voiding cystourethrography visualized only
about three quarters of these diverticula, but
due to its simplicity it is often the first test
obtained. Urethroscopy has a low yield rate. Tra-
ditionally the double-balloon urethrogram has
been the procedure of choice, although current
US accuracy approaches that of a double-
balloon study. Magnetic resonance occasionally
aids in establishing the relationship of a diver-
ticulum to the urethra and in evaluating other
etiologies of a palpable tumor in this location.
Video urodynamic studies reveal stress inconti-
nence in some of these women, and then both a
diverticulectomy and an anti-incontinence pro-
cedure are necessary.

Either endovaginal or endorectal US provides
useful information about the shape, volume,
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and content of a diverticulum, and about its
relationship to the urethra. An endoluminal
catheter-based US transducer identifies a diver-
ticulum and aids in evaluating any periurethral
inflammation and diverticular wall thickness.

Although currently not often used, MRI both
detects these diverticula and outlines the sur-
rounding structures. No bladder catheterization
is required. Diverticula are hypointense on T1-
and hyperintense on T2-weighted images. Cur-
rently MR has a role in women with a clinical
suspicion of a diverticulum but negative
double-balloon urethrography or US study;
keep in mind that false-negative studies also
occur with MR.

A rare diverticulum recurs postoperatively
(105).

Fistulas
The role of imaging is to define the fistulous
communications. External fistulas are best
studied with fistulography. Magnetic resonance
imaging appears superior to other imaging
modalities in detecting and outlining the extent
of vaginal and uterine fistulas.

An enterouterine fistula is rare. Most are sec-
ondary to neoplasms; these do not heal if tumor
has grown into the fistula.

Vesicouterine fistulas tend to be secondary to
prior cesarean section or abnormal delivery
(106); urinary leakage from the vagina or cyclic
hematuria is typical presentations. These
fistulas are better identified with a cystogram
than IV urography; hysterosalpingography also
has a high yield rate, provided the study is of
high quality.

Most vaginal fistulas are recto- or colovagi-
nal, urethrovaginal, cervicovaginal, or vesicov-
aginal, with the latter being most common.
Most are related to pregnancy or prior hys-
terectomy. Malignancy, radiation therapy, diver-
ticulitis, inflammatory bowel disease, and even
Behçet’s syndrome are less common associated
conditions.

Simple urovaginal fistulas extend to the
bladder, urethra, or ureter; they are complex if
more than two organs are involved. Most of
these fistulas are symptomatic.

With a suspected vaginal fistula, vaginogra-
phy using a water-soluble contrast agent should
outline it. A barium enema is an alternative 

with a suspected colo- or rectovaginal fistula.
Some authors have had better success in detect-
ing a fistula with vaginography than with
barium enema, although the results depend
considerably on the technique of examination
and attention to detail. Over the years I have had
more success with a barium enema than with
vaginography. If either method does not outline
a fistula, then the other should be performed.

A rectovaginal fistula-occluding device, con-
taining a nitinol wire and designed for endo-
rectal insertion, successfully occluded several
fistulas associated with pelvic irradiation or
surgery (107).

Prolapse and Pelvic Floor
Abnormalities
Discussed here is pelvic floor prolapse in a
global context only. Cystoceles and urinary
incontinence are covered in more detail in
Chapter 11, while rectal prolapse is discussed in
Chapter 5. The two primary imaging studies
used are MR and cystocolpoproctography (or
specific components of the latter, such as proc-
tography). Functional MRI is gradually replac-
ing proctography in women suspected pelvic
floor dysfunction and pelvic prolapse. Rectal
and vaginal opacification (either with water or
an enteral MR contrast agent) aids in establish-
ing reference organ positions both at rest and
during straining. A high field strength MR
magnet using fast gradient echo sequences and
an endovaginal coil provides pelvic floor images
during relaxation and straining. Sagittal images
are most often employed using a pubococcygeal
reference line. At times 3D images are useful but
they are not essential.

Normally pelvic organs do not descend below
a pubococcygeal reference line on straining, and
the pelvic floor muscles do not change their
position (Fig. 12.31). Normal pelvic organ posi-
tion is defined in reference to this line, but no
universal criteria exist defining the borderland
of prolapse. Complex organ prolapse is more
common than individual prolapse; at times 
a cystocele or an enterocele is masked by a 
rectocele.

Pelvic prolapse is the displacement of pelvic
structures due to an endopelvic fascia weakness.
To illustrate the often complex interrelated
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abnormalities found with lax pelvic organs and
pelvic floor muscles, in 15 patients with con-
stipation, a single sagittal section with T2-
weighted gradient echo sequence and dynamic
MRI identified rectal prolapse (n = 5), an ante-
rior rectocele (n = 8), pelvic floor descent 
(n = 5), enterocele (n = 2) and anorectal dysco-
ordination (n = 3) (108); in 15 patients with
incontinence, such a dynamic MR study
detected an anterior rectocele (n = 10), pelvic
floor descent (n = 11), enterocele (n = 2), rectal
prolapse (n = 1), and puborectalis insufficiency
(n = 1). Triphasic dynamic MRI and triphasic
fluoroscopic cystocolpoproctography using
similar amounts of contrast to opacify the
bladder, vagina, and rectum achieves similar
results (109); although cystoceles and enteroce-
les tend to be underestimated by MR, pelvic
organs and pelvic floor muscles are better
identified with this modality. Also, cystoproc-
tography does not reveal peritoneoceles.

From an imaging viewpoint, the pelvic floor
can be subdivided into an anterior com-
partment where urethroceles and cystoceles
develop, a middle compartment for uterine 
prolapse and enteroceles, and a posterior 
compartment for rectoceles (110); clinical and

imaging findings do not, however, always
provide similar results, and the role of imaging
is not settled. Dynamic cystoproctography
reveals that over 90% of women with pelvic
floor dysfunction have abnormalities in all three
compartments (111); for example, among
women with middle compartment (genital)
symptoms, 91% had cystoceles, 56% a hyper-
mobile bladder neck, 82% rectoceles, 58% ente-
roceles, 11% sigmoidoceles, 20% rectoanal
intussusception, and 16% anal incontinence.
Most rectoceles and cystoceles detected by
cystoproctography are also evident on physical
examination; the correlation between imaging
and physical examination for enteroceles and
sigmoidoceles is poor.

Not all widening of the rectovaginal space on
straining is due to a rectocele. A peritoneocele
should be suspected in women with unex-
plained widening. Less often is bowel present in
this space.

Vaginal vault or cervical prolapse leads to
vaginal mucosal eversion. Complete uterine
prolapse is called procidentia. Sagittal T2-
weighted MR images identify not only prolaps-
ing gynecologic structures, but also any
associated bladder or bowel prolapse.

Figure 12.31. Pubococcygeal tear. Upright (A) and straining (B)
views reveal a diverticular-like rectal outpouching (arrows). (Cour-
tesy of Arunas Gasparaitis, M.D., University of Chicago.)
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Rarely, the uterus and ovary herniate into an
inguinal hernia.

Pneumatosis
Pneumatosis of gynecologic organs is rare. If
present, infection with a gas-forming organism
or tissue necrosis should be suspected.

Imaging occasionally detects vaginitis
emphysematosa, consisting of gas-filled cysts in
the vaginal wall (112); this is a benign and self-
limiting condition.

Vascular Lesions
Ovarian vein syndrome is discussed in Chapter
10. It usually occurs on the right and is due to
compression of the ureter between the external
iliac artery and a dilated ovarian vein. Left
ovarian vein syndrome is due to ureteric com-
pression between a dilated ovarian vein and the
psoas muscle.

Bleeding
Postpartum bleeding was discussed earlier (see
Pregnancy Related).

The most common causes of prepubertal
vaginal bleeding consist of vaginal foreign
bodies, precocious puberty, or tumors such as
vaginal rhabdomyosarcoma or hemangioma.

In women with postmenopausal bleeding, US
is a useful first step; a combination of endovagi-
nal US without and with saline instilled into 
the uterus (endovaginal hysterosonography) is
often more useful than either study alone.
Both US studies achieve higher sensitivities in
locating a bleeding site than does a diagnostic
hysteroscopy.

Advanced pelvic malignancies not uncom-
monly result in major bleeding. In many of these
women a diagnosis is already established, and
surgery is not a viable option. Transcatheter
embolization arrests bleeding in a majority of
these women.

Ovarian Varicocele/Pelvic
Congestion Syndrome
Ovarian and broad ligament varicoceles, or
varices, develop most often due to ovarian vein

incontinence and result in pelvic congestion.
Secondary causes include inferior vena caval
obstruction, portal hypertension, and other eti-
ologies for increased blood flow in this region,
such as an extensive vascular malformation.

Chronic pelvic pain is the most common
presentation in these mostly multiparous
women.

Imaging reveals serpentine paraovarian
structures that enhance postcontrast. Unfortu-
nately, it is difficult to place dilated ovarian veins
in a proper perspective. Thus defining an
incompetent and dilated ovarian vein as one
measuring 7 mm or greater, arterial phase
helical CT found that 47% of asymptomatic
women renal donors had dilated ovarian veins,
more often on the left but bilateral in some
women (113), a finding questioning the rele-
vance of dilated ovarian veins. Others have
found a 10% prevalence of ovarian varices in the
general population, with slightly more than half
of these having pelvic congestion syndrome and
thus possibly benefitting from ovarian vein
embolization or ligation (114).

Most of these varicoceles are treated surgi-
cally. A percutaneous approach using a scleros-
ing agent has been employed successfully.
Although embolization achieves a high initial
technical success rate, complete relief of pain is
variable.

Ovarian Vein
Thrombophlebitis/Thrombosis
Most often ovarian vein thrombosis is detected
postpartum, yet imaging has detected thrombo-
sis in a variety of other settings, some associated
with symptoms, others incidentally. In some
women postpartum ovarian vein thrombosis is
a sequela of infection. As already mentioned,
ovarian vein thrombosis is a common inciden-
tal finding in women who have had a hysterec-
tomy and bilateral salpingo-oophorectomy (49).
Occasionally pelvic vein thrombosis develops in
association with large uterine fibroids. A clini-
cal diagnosis of ovarian vein thrombosis with its
associated therapeutic implications should not
be made lightly or based on imaging findings
alone.

The right vein is affected more often. Some
thrombi extend into the inferior vena cava. Clin-
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ically, these patients are febrile and an infection
is usually suspected. Puerperal ovarian vein
thrombophlebitis can mimic renal colic and
acute appendicitis. Pulmonary emboli are occa-
sionally an early manifestation.

The diagnosis is suggested by CT, Doppler US,
or MRI. A word of caution: at times early-phase
postcontrast helical CT reveals retrograde flow
in a normal ovarian vein. Therefore, asymmetric
ovarian vein density during early-phase helical
CT should not be misdiagnosed as a sign of
ovarian vein thrombosis. Also, MR angiography
shows absent flow in some ovarian veins even if
they are patent, but MRI should detect vessel
patency.

Ultrasonography reveals a tubular soft tissue
tumor in the pelvis, at times extending to 
the inferior vena cava. A thrombus ranges 
from hypo- to hyperechoic. Adjacent inflamma-
tion is common, and right-sided ovarian 
vein thrombosis can suggest acute appendi-
citis. Ultrasonography should detect any
ureteral involvement. Ultrasonography also 
can monitor the response to anticoagulant
therapy.

Hemangioma
Ovarian hemangiomas are rare. Magnetic reso-
nance imaging can suggest the diagnosis.

Uterine hemangiomas are also rare. Some 
of these contain punctate calcifications, aid-
ing identification. Ultrasonography identified
extensive uterine hemangiomatosis in a preg-
nant woman with Klippel-Trenaunay-Weber
syndrome (115). Hemangiomas are homo-
geneous and hyperintense on T2-weighted
images, thus distinguishing them from the more
common hypointense myomas (Fig. 12.32).

Arteriovenous Malformations
Gynecologic arteriovenous malformations are
uncommon but are one of the causes of uterine
arteriovenous shunting. Past nomenclature
used for these tumors included circoid
aneurysm and arteriovenous aneurysm or
fistula. They have been miscalled angiomas and
cavernous hemangiomas. These malformations
contain proliferating vascular channels, often

Figure 12.32. Uterine cavernous hemangioma. A: US reveals a pelvic tumor. Doppler (not shown) did not detect blood flow. T1- (B)
and T2- (C) weighted MR images confirms a pelvic tumor which was located posterior to the bladder. (Courtesy of Takao Kobayashi,
M.D., Shinshu University, Nagano prefecture, Japan.)
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small and capillary-like in appearance. Most of
these malformations are believed to be congen-
ital in origin. Most develop in the myometrium.

Metrorrhagia is a common presentation. It 
is more common in premenopausal women.
Uncontrolled bleeding after dilation and curet-
tage should suggest an arteriovenous malfor-
mation, a (pseudo)aneurysm, an arteriovenous
fistula, or a large vessel trauma.

Gray-scale US in women with uterine arteri-
ovenous malformations is nonspecific, revealing
subtle inhomogeneous myometrial tubular
structures. Doppler US detects low-resistence
flow and signals with flow reversals, suggesting
arteriovenous shunting (Fig. 12.33).

Magnetic resonance imaging detects an arte-
riovenous malformation as a focal uterine
tumor containing disrupted junctional zones
and, if the tumor is large enough, prominent
parametrial blood vessels. Flowing blood in
these malformations presents as a serpiginous
signal void on both T1- and T2-weighted MRI,
while stasis results in a hyperintense signal on
T2-weighted images. A malformation enhances
on postcontrast images, similar to blood vessels.
Magnetic resonance angiography shows tortu-
ous, coiled vessels in the pelvis.

Only a few vaginal arteriovenous malfor-
mations have been described. These lesions can
be suspected with Doppler US, CT, and MRI.
They are hypointense on T1- and hyperintense
on T2-weighted images; contrast-enhanced T1-
weighted images reveal paradoxical flow-related
enhancement in some, possibly caused by tur-
bulent blood flow.

Traditional therapy of massive uncontrolled
bleeding was uterine artery ligation or hys-
terectomy. Pelvic arteriography is diagnostic
and also provides access for transcatheter
embolization for these often surgically difficult
to resect tumors. Selective transcatheter arterial
embolization of uterine arteriovenous malfor-
mations and other similar vascular abnormali-
ties tends to preserve reproductive capacity.

Uterine Artery Aneurysms
Uterine true aneurysms are rare. (Pseudo)-
aneurysms are more common and are a cause of
massive bleeding (Fig. 12.34).

Gray-scale US reveals a pulsating, hypo- or
anechoic structure. True fusiform aneurysms
contain an arterial flow pattern. Color and
duplex Doppler US identify (pseudo)aneurysms

Figure 12.33. Uterine arteriovenous malformation resulting in vaginal bleeding after dilation and curettage (D&C). A: Transverse
gray-scale US reveals a subtle heterogenous appearance on the left side of the uterus (arrows). Color Doppler US revealed increased
blood flow in this region (not shown). B: Arteriography identifies a collection of vessels (arrows) supplied by the left uterine artery
(arrowhead); it was embolized with coils. (Source: Kwon JH, Kim GS. Obstetric iatrogenic arterial injuries of the uterus. Radiographics
2002;22:35–46, with permission from the Radiological Society of North America.)
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as cystic structures containing swirling fluid,
similar to saccular aneurysms.

Immunosuppression
An association exists between cervical condy-
loma, dysplasia, and HIV infection. Acquired
immunodeficiency syndrome (AIDS) patients
have an increased prevalence of cervical 
cancer (compared to general population). In

fact, based on data from the New York City
Department of Health, the most common AIDS-
related malignancy in women is cervical cancer
(55%), followed by lymphoma (29%) and
Kaposi sarcoma (16%) (116); in some women
cervical cancer is the initial AIDS-defining
illness.

Although non-Hodgkin’s lymphomas are 
relatively common in AIDS patients, ovarian
involvement is rare. An occasional disseminated
Burkitt’s lymphoma involves the ovaries.

Figure 12.34. Pseudoaneurysm after D&C leading to intermittent
vaginal bleeding. A: Longitudinal gray-scale US identifies a cystic
structure (between cursors) in the left uterine wall. B: Longitudi-
nal duplex US reveals turbulent arterial flow within this structure.
C: Arteriography identifies a pseudoaneurysm (arrows) supplied
by the left uterine artery (arrowhead); it was embolized success-
fully with coils. (Source: Kwon JH, Kim GS.Obstetric iatrogenic arte-
rial injuries of the uterus. Radiographics 2002;22:35–46, with
permission from the Radiological Society of North America.)
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Posttherapy
Post–Hormone Therapy
Postmenopausal women are placed on estrogen
therapy to lessen the osteoporosis or control
ovarian atrophy. Because of an increased risk of
endometrial hyperplasia and carcinoma with
estrogen therapy alone, various regimens of
progesterone are often added.

Endovaginal US in asymptomatic post-
menopausal women after the initiation of
hormone replacement therapy reveals an
increased endometrial thickness after the 
start of therapy. Sequential hormone therapy
leads to changes similar to a premenopausal
endometrium. Endometrial thickness measured
with endovaginal US in healthy women in phys-
iologic menopause was 3.5 mm, increasing to 
5.7 mm after estrogen therapy alone (117); after
adding progestin, endometrial thickness meas-
ured 6.0 mm. Endovaginal color Doppler US
reveals that uterine artery PI and RI decrease
during the first month of therapy.

Uterine artery pulsatility index in post-
menopausal women receiving hormone
replacement treatment tends to decrease, pre-
sumably due to increased uterine vascularity.

Some women develop vaginal bleeding while
on hormonal therapy. Ultrasonography meas-
urement of endometrial thickness does not
select those who will bleed.

Postchemotherapy Changes
Tamoxifen citrate is a nonsteroidal antiestrogen
agent binding to estrogen receptors and is used
in breast cancer therapy. One of the side effects
of tamoxifen is endometrial and myometrial
stimulation and its use is associated with
endometrial hyperplasia, polyps, and carcino-
mas. Fibromyomas also grow.

Endovaginal US found 69% of post-
menopausal women treated with adjuvant
tamoxifen to have an endometrial thickness
>2.5 mm (118). One recommendation is that 
an endometrial thickness of 6 mm be consid-
ered a cutoff for endovaginal US in asympto-
matic postmenopausal women receiving
tamoxifen. A thickened, irregular, and hypere-
choic endometrium containing small cysts or a
homogeneous appearance is typical. Endovagi-

nal US using intrauterine saline as a contrast
agent (hysterosonography) is more specific but
not significantly more sensitive than endovagi-
nal US in detecting endometrial abnormalities
(119,120). Tamoxifen polyps tend to be lar-
ger than typical polyps and are composed of
cystic glandular dilation, epithelial metaplasia,
and periglandular stromal condensation (121).
These polyps range from sessile to peduncu-
lated and appear as a hyperechoic, smoothly
marginated tumor. Some contain cysts. An
irregular polyp outline or endometrial thicken-
ing should raise suspicion for a carcinoma.

Magnetic resonance imaging identifies two
patterns in postmenopausal women with breast
cancer receiving tamoxifen therapy (122):

1. A homogeneous hyperintense endom-
etrium on T2-weighted images, post-
contrast enhancement of the endometrial-
myometrial junction, and a lumen signal
void. Histopathology in two thirds of these
women revealed either atrophic or prolif-
erative endometria.

2. A heterogeneous endometrium on T2-
weighted images, postcontrast enhance-
ment of the endometrial-myometrial
junction, and lattice-like lumen enhance-
ment, with most of these women having
polyps.

Chemotherapy for breast cancer results in a 
loss of uterine volume, measurable with serial
imaging.

Some investigators advocate routine US 
and endometrial biopsy even in asymptomatic
women receiving tamoxifen. Hysteroscopy 
is used to resect any visualized polyps, and
endometrial curettage evaluates abnormal
endometrial thickening. An American College
of Obstetricians and Gynecologists recommen-
dation for women with breast cancer being
treated with tamoxifen is to discontinue therapy
if atypical hyperplasia is detected (121); a hys-
terectomy should be considered if further
tamoxifen therapy is deemed necessary.

Postoperative Changes
One of the complications encountered with
gynecologic surgery is ureteral damage. If
damage is suspected, postoperative color
Doppler US detection of ureteral jets is worth-
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while, keeping in mind that it takes longer to
visualize bilateral ureteral jets immediately after
surgery.

Postlaparoscopy

The most common complication after laparo-
scopic gynecologic surgery is an incisional
hernia. Omental herniation can occur through a
trocar incision site.

Postoophorectomy

Occasionally ovarian remnants are left behind
unintentionally after an oophorectomy. Some 
of these remnants are functional and lead to
symptoms. Ultrasonography in women with
ovarian remnants reveals a range from simple
cysts, multiple septations, and presumed resid-
ual ovarian tissue with arterial and venous flow;
aspiration of ovarian remnants provides symp-
tomatic relief. Thus a US finding of a cystic or
multiseptated pelvic mass containing a rim of
vascular solid tissue, detected postoophorec-
tomy, should raise the possibility of an ovarian
remnant.

Poststerilization

Tubal sterilization is performed by ligation,
occlusion with a clip or band, or by partial 
fallopian tube resection. Most of these obstruc-
tions are in the tube midportion and a post-
procedure hysterosalpingogram reveals partial
fallopian tube visualization.

Transcervical fallopian tube recanalization 
is achievable in most women. A successful 
pregnancy following recanalization, on the
other hand, occurs in less than half. One 
complication of tubal recanalization is tubal
perforation, usually associated with few, if any,
sequelae.

Posthysterectomy

Hysterectomy-associated complications include
pelvic abscess and injury to adjacent structures.

Endovaginal US commonly reveals pelvic
fluid collections during the first postoperative
week; these fluid collections gradually resolve
and do not imply a postoperative complication.

Thus even complex fluid collections in a woman
after hysterectomy do not necessitate antibiotic
therapy or surgical drainage.

Imaging of the vaginal cuff shows a symmet-
ric or slightly asymmetric soft tissue tumor,
usually surrounded by fat. Sagittal US reveals
the vaginal cuff as a hypoechoic linear structure
with a thin central echogenic line. Unfortu-
nately, a postoperative hematoma, seroma,
abscess, or lymphocele also has a similar
appearance, thus making detection of complica-
tions difficult. The presence of gas bubbles
raises suspicion of an abscess.

Postoperative fibrosis is common. In general,
MRI is superior to CT in detecting tumor recur-
rence, because MRI allows a distinction between
fibrosis and tumor; fibrosis has a low signal
intensity on T2-weighted images, while tumor
has a high signal intensity.

Post-Laser Ablation of Endometrium

Laser endometrial ablation is performed to
control symptomatic heavy, painful menses.
Magnetic resonance imaging immediately after
therapy reveals an increase in uterine volume
due to endometrial swelling.

Intrauterine Device Complications

An occasional intrauterine device migrates into
the peritoneal cavity. Imaging or laparoscopy
should localize it. One, inserted 4 years previ-
ously, migrated into the bladder and led to
recurrent urinary tract infections (123); it was
detected by US, conventional radiographs, and
cystoscopy. These migrating devices tend to
become surrounded by adhesions and thus are
difficult to remove.

An intrauterine device was inserted through
the urethra into the bladder (124); it could not
be removed by transurethral endoscopy and
required surgery.

Postradiation Therapy
Interstitial edema and inflammation of involved
tissues develop shortly after radiation therapy.
Magnetic resonance imaging during this phase
reveals a hyperintense signal on T2-weighted
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images. Once fibrosis develops, after about 1
year, a hypointense signal predominates from
the involved tissue and little postcontrast
enhancement is evident.

Girls with Wilms’ tumors who underwent
whole abdomen radiotherapy were later found
to have primary ovarian failure (125); US
revealed their ovaries to be undetected or small
and their uteri to be abnormally small in spite
of hormone replacement therapy. Ultrasonogra-
phy in those who underwent hemiabdomen
radiotherapy identified normal gonadotropin
levels and a normal-sized uterus, but the ovary
on the radiotherapy side was not seen or was
small in half of the patients (125).

Chronic radiation changes consist primarily
of fibrosis. Magnetic resonance imaging shows
a low signal intensity on T2-weighted images.
Postcontrast MR reveals tissue enhancement
even during the chronic phase.

Examination and Surgical
Complications
Hysterosalpingography
Intravasation and subsequent embolization 
into the lungs are known complications of
hysterosalpingography. The previously used oil-
based media probably were less painful, but a
number of embolization-associated deaths were
reported. Therefore, most radiologists currently
use water-soluble agents.

Tumor Seeding
Pelviscopic excision of malignant gynecologic
tumors potentially disseminates malignant 
cells to surrounding structures. Localized 
tumor seeding or tumor dissemination develops
intraperitoneally and at trocar sites after laparo-
scopic tumor resection. Most of these metas-
tases are in patients with FIGO stages IIIC to IV,
although even an ovarian mature cystic ter-
atoma containing a focus of carcinoma poses a
risk. Seeding occurs not only from malignant
tumors; thus during laparoscopic myomectomy
fragments of uterine leiomyomas were inadver-
tently implanted and grew in abdominal-wall
incisions.
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Technique

Ultrasonography
Ultrasonography (US) has become the modality
of choice for scrotal imaging. It can differentiate
intra- from extratesticular tumors with a sensi-
tivity of over 95%. The specificity, however, is
considerably lower. Transducers using 10-MHz
provide detailed resolution, although with
scrotal swelling a lower frequency is necessary
for full coverage.

Seminal vesicles and surrounding structures
are readily studied with endorectal US. Three-
dimensional (3D) endorectal US outlines the
prostate in three planes and aids the study of
transition zone hyperplasia; the central zone
and enlarged transition zones are best identified
using a coronal plane.

Transabdominal gray-scale US has a limited
role in evaluating the prostate; the gland is
located too far posteriorly and is too small for
detailed study. An endorectal US approach is
preferred.

Variability in interpreting endorectal US
prostate images is a concern. Even well-trained
physicians differ both in describing findings of
random videotaped images of the prostate and
in deciding whether to biopsy.

Transperineal US during contrast enhanced
voiding urosonography has been proposed in
children (1). Posterior urethral valves can be
detected with this technique but further work is
necessary to establish its clinical relevance.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) of the
scrotum is still evolving. Especially in children,
with an equivocal US study MRI may obviate the
need for exploratory surgery. In addition, new
applications being reported suggest that MRI
will evolve into the primary imaging modality
of the testes.

Endorectal surface coils allow prostate zonal
study. The prostatic capsule, neurovascular
bundles, vas deferens, and seminal vesicles are
readily studied.

T1-weighted magnetic resonance (MR)
images outline the prostatic margin with sur-
rounding fat, although the internal prostate
zonal architecture is not defined. T2-weighted
images show a hyperintense peripheral zone
and a heterogeneous more hypointense central
and transition zones. An endorectal coil im-
proves spatial resolution. Postgadolinium T1-
weighted images reveal less peripheral zone
enhancement than central zone.

Magnetic resonance voiding cystourethrog-
raphy is feasible after gadolinium-enhanced
excretory MR urography. Magnetic resonance
fluoroscopy using a T1-weighted gradient echo
sequence provides real-time urethral imaging
during voiding. Both sonourethrography and
MR imaging of the anterior urethra are feasible,
with the urethral lumen distended with saline.
Both modalities provide information about
periurethral tissues.

13
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Urethrography
At times urethral catheterization is difficult or
even impossible. In such a setting, advancing a
urethral catheter over a hydrophilic guidewire is
helpful. Ultrasonography has been used instead
of a retrograde urethrogram to visualize the
urethra; US can provide a 3D view of the
urethra.

Urethrography is performed using an iodi-
nated contrast agent. Occasionally reported 
is use of undiluted gadolinium diethylene-
triamine-pentaacetate (Gd-DTPA) in someone
with a severe reaction to iodine-containing con-
trast, achieving good radiographic contrast, but
such use should be balanced against the greater
toxicity of gadolinium contrast compared to
iodinated contrast.

Cavernosography
Cavernosography, performed by direct contrast
injection into the corpora cavernosa, provides
cavernous arterial systolic occlusion pressure.
Vasodilators aid in interpreting these studies.
This study currently is rarely performed,
having been supplanted by US and clinical 
evaluation using erection-enhancing pharma-
cologic agents.

Color duplex Doppler US is considerably
simpler than cavernosography and measures
peak velocity flow, which correlates with cav-
ernous arterial systolic occlusion pressure;
peak velocity flow measurement represents a
noninvasive evaluation of corporeal artery
function.

Vesiculography (Vasography)
Seminal vesicle, vas deferens, and ejaculatory
duct patency is established by vesiculography,
performed by cannulating and injecting con-
trast into the vas deferens. Surgical cannulation
is often employed, although endorectal US-
guided seminal vesiculography is feasible. If
endorectal US identifies dilated seminal vesicles
or midline cysts, US-guided seminal tract punc-
ture and contrast injection allows radiographic
visualization of these structures. Injecting a
mixture of contrast agent and indigo-carmine
dye is useful if identification of these structures
is desired during subsequent surgery.

Scintigraphy
Monoclonal antibody radioimmunoscintigra-
phy with indium-111–capromab pendetide is
promising in men with prostate cancer, both to
detect initial lymph node involvement and 
in those with suspected recurrent or residual
disease after prostatectomy. This murine-
derived antibody is believed to act against the
intracellular domain of prostate-specific mem-
brane antigen, a glycoprotein expressed by
prostate epithelial cells.

Testicular scanning is performed with 
technetium-99m (Tc-99m)-pertechnetate. This
radiotracer establishes a blood flow pattern.

Biopsy
Traditional prostate biopsy is performed using a
digital rectal examination for guidance, with 
a needle being inserted either transperineally 
or transrectally. Currently an endorectal US-
guided approach is commonly employed, using
a needle up to 18-gauge for core biopsies. If a
tumor can be palpated or localized by US, a
direct biopsy is obtained, but, as will be dis-
cussed later, US-guided multisextant biopsies
are often preferred. Endorectal US-guided pro-
static nerve blockade increases patient comfort
prior to systematic needle biopsy of the prostate.

A transrectal US-guided prostate biopsy is
quite safe. Of necessity, a transrectal biopsy
approach is through a nonsterile field, but post-
procedure infections are surprisingly few.

An MRI-guided prostate biopsy is also fea-
sible, mostly using an open magnet.

Congenital Abnormalities
Prostate
Two types of prostatic ectopia are possible,
developing from either urogenital sinus or
mesonephric structures. Ectopic prostatic tissue
has been found along the lateral rectal wall.

Müllerian remnants, including utricular
cysts, coexist with hypospadias.

Wolffian Duct Structures
Failure of seminal vesicle buds to develop
results in absent seminal vesicles. Some individ-
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uals also have ureteric bud failure, leading to an
absent ipsilateral ureter and kidney. Thus detec-
tion of a seminal vesicle cyst or similar anomaly
should lead to a renal study to exclude associ-
ated renal agenesis. Most seminal vesicle cysts
are congenital; they are discussed later (see
Wolffian duct structures).

Congenital bilateral vas deferens absence is 
a cause of azoospermia. This condition is
detected with rectal US.

An ectopic ejaculatory duct insertion is rare.

Persistent Müllerian Duct Syndrome
Normally in a male fetus antimüllerian
hormone causes müllerian duct regression.
Absence or lack of function of this hormone
results in a uterus and fallopian tubes being
present in a phenotypically normal male, a con-
dition called persistent müllerian duct syn-
drome. Two types exist: in the male type, one
testis descends normally but the uterus and 
fallopian tubes are in or close to the inguinal
canal, while in the female type bilateral cryp-
torchidism is evident and testes are located in
the broad ligament and the uterus is in the
pelvis. Simple cryptorchidism is generally sus-
pected preoperatively because male external
genitalia are otherwise normal.

Imaging findings are confusing if the diagno-
sis is not suspected. Computed tomography
(CT) and MR identify a uterus and fallopian
tubes as tubular structures posterior to the
bladder, and testes located close to where
ovaries are normally found in a phenotypically
normal male. Testicular atrophy develops in
older individuals, making further identification
difficult. Similar to other males with cryptor-
chidism, these individuals are prone to develop-
ing testicular cancer.

Urethra
Duplication

Urethral duplication is rare. Most are located in
the midline and lie in a dorsal-to-ventral direc-
tion. Duplications range from complete to
incomplete, and the duplicated urethra origi-
nates either from the bladder or a normal
urethra. An accessory urethral termination
ranges from an epispadial to a hypospadial loca-
tion. Some duplications are associated with

renal and multisystem abnormalities. Pubic
bones tend to be abnormally separated with
epispadial duplications.

A congenital urethroperineal fistula is a sep-
arate entity distinct from a duplication. Boys
with a congenital urethroperineal fistula have
normal micturition. An extreme hypospadial
urethral duplication mimics a congenital ure-
throperineal fistula. In general, in a duplication
the ventral urethra is the more functional
channel, while with a fistula the dorsal channel
is usually the primary one.

Cystography defines the underlying anatomy
prior to surgical correction. For complete eval-
uation of a duplicated system, both a voiding
cystourethrogram and a retrograde urethro-
gram are obtained.

Valves

Posterior valves

The most common cause of urethral obstruc-
tion in male infants is the presence of congeni-
tal posterior urethral valves. Obstruction varies
in gradation. At times mild obstruction is not
discovered until adolescence or even later. Some
of these infants develop marked hydronephrosis
and renal failure before the condition is de-
tected. These valves are usually classified into
three type:

Type I valves are folds extending from the
verumontanum to the anterolateral ure-
thral wall. These are most common.

Type II valves also arise from the verumon-
tanum but extend proximally into the
bladder neck. These valves tend to be of
limited significance and probably are
acquired rather than congenital in origin.

Type III valves consist of a prominent uro-
genital membrane with a central opening
distal to the verumontanum. They are rare.

A syndrome exists of posterior urethral
valves, persistent unilateral reflux, and unilat-
eral renal dysplasia even to the point of non-
function. A majority of infants and children
with posterior urethral valves have vesico-
ureteral reflux, which often does not resolve
after valve ablation. Long-term follow-up is 
thus required. Some of these infants also have
impaired bladder compliance and detrusor
instability, and these findings persist after valve
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ablation; in addition to voiding cystourethrog-
raphy, postoperative urodynamic studies are
often helpful.

After birth, a voiding cystourethrogram
should be diagnostic for posterior urethral
valves (Fig. 13.1). Catheterization is easy in
those with type 1 valves, but may not be possi-
ble with type 3 valves, depending on the central
opening. The prostatic and membranous
urethra are dilated, with an abrupt transition in
caliber at the valve site. At times the valves are
identified.

In many infants US detects a dilated posterior
urethra during voiding and bilateral hydro-
nephrosis (Fig. 13.2). Vesicoureteral reflux and
hydronephrosis is associated with a dysplastic
kidney in some. A thick, trabeculated bladder
wall and diverticula develop eventually. Severe
obstruction in a neonate can result in calyceal
perforation and urinary ascites.

A retrograde urethrogram is not appropriate
for detecting these valves; they tend to be
effaced against the urethral wall, and obstruc-
tion is not detected. A voiding cystourethro-
gram is the examination of choice. In a search
for posterior urethral valves, some radiologists
remove the catheter while others leave it in
place. Some believe that a catheter can obscure
the valves.

Voiding cystourethrography in boys with
severe posterior urethral valves identifies a tra-
beculated bladder body and smooth bladder

base; bladder base trabeculations do not
develop. A trabeculated bladder body evolves as
a result of contractions due to parasympathetic
(cholinergic) stimulation during voiding, while
the bladder base relaxes due to sympathetic
(adrenergic) stimulation and thus remains
smooth.

Indications for percutaneous nephrostomy in
neonates with posterior urethral valves include
renal failure, severe infection, and, at times,
evaluation of a dilated collecting system. Such
diversion, however, is not without its own prob-
lems. Even if a proximal urinary tract diversion
is performed, many neonafes tend to continue
losing renal function. Diversion also results in a
defunctionalized bladder and loss of bladder
compliance. In general, primary valve ablation
performed in infants prior to age 1 year results
in better recovery of bladder function than
those treated with urinary diversion, realizing
that in some of these infants neither procedure
halts progression of renal insufficiency.

Results of renal transplantation in children
with end stage renal disease due to posterior
urethral valves are similar to those obtained in
children with nonobstructive renal disease. In
either case, probably all children with contem-
plated renal transplantation should be studied
for the presence of congenital posterior urethral
valves; the presence of these valves has a role in
graft function deterioration.

Anterior Valves

True anterior urethral valves are rare, with most
believed to represent a fold that is part of a ure-
thral diverticulum. Some of these valves are
detected investigating prenatal hydronephrosis,
while others manifest by voiding dysfunction
later in life. Bladder rupture can develop in a
neonate with anterior urethral valves.

A voiding cystourethrogram should detect
these valves, although their imaging appearance
is very similar to that of an anterior urethral
diverticulum.

Stricture

Urethral strictures are distinct from posterior
or anterior urethral valves. Identical congenital
urethral strictures occasionally develop in 
relatives.

Figure 13.1. Posterior urethral valves in an 11-year-old.
The prostatic urethra is dilated and has a “spinning-top”
configuration.
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Diverticulum

A congenital urethral diverticulum originates
from the anterior urethra and is associated with
urethral obstruction. These diverticula have
either a saccular appearance (and originate
from the ventral urethral wall) or are diffuse
(megalourethra).

A saccular diverticulum is a ventral out-
pouching in the midurethra; it is rare in the
bulbous urethra, in which case cystic dilation of
Cowper’s gland duct should be suspected. It
contains a valve-like deformity in its distal end;
as the diverticulum fills with urine, the distal
end is elevated into the urethra and limits flow.

Clinically, a saccular diverticulum should be
suspected with intermittent urinary obstruction
swelling of the penis.

A voiding cystourethrogram should detect 
an abnormality but may not differentiate a
diverticulum from anterior urethral valves.

Hypospadias

Hypospadias consists of an abnormal ventral
urethral termination due to failure of urogeni-
tal fold fusion. Varying degrees of malposition
are possible; at times a urethra even terminates
in the perineum. The utricle tends to be

Figure 13.2. Posterior urethral valves in a 4-week-old infant with failure to thrive. A: A voiding cystourethrogram reveals a dilated
proximal urethra. B: A cystogram identifies marked bladder trabeculations. C: Ultrasonography (US) confirms bladder wall thicken-
ing. D: Renal US reveals a shrunken, hyperechoic, dysplastic kidney (arrows) containing several cysts. (Courtesy of Luann Teschmacher,
M.D., University of Rochester.)
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enlarged, with its size having a direct relation-
ship to severity of hypospadias.

About 10% of boys with hypospadias have 
a familial history and have associated cryp-
torchidism; renal abnormalities are uncommon.
A distal urethral malignancy occasionally devel-
ops in men with congenital hypospadias.

A voiding cystourethrogram aids in defining
underlying anatomy.

Epispadias

Epispadias is part of the spectrum of pelvic
abdominal wall failure-to-fuse anomalies.
Failure of dorsal urethral closure results in 
epispadias. Various gradations occur ranging
from failure of bladder neck closure to a 
defect in the distal urethra. The urethral sphinc-
ter is underdeveloped, and these boys have
incontinence.

A blind epispadial sinus, or congenital pre-
pubic sinus, is a congenital accessory urethra
that does not communicate with the bladder.
The underlying anatomy can be outlined with a
fistulogram.

Megalourethra

Urethrography in a male infant with a mega-
lourethra revealed crescent-shaped anterior
urethral dilatation (2); associated abnormalities
included prune-belly syndrome, absent corpus
spongiosum, and bilateral undescended testes.

Testes
Anorchia/Cryptorchidism

Clinical

Scrotal agenesis is very rare. Among boys with a
clinically impalpable testis, about one-fifth have
an absent testis (anorchia) and the rest cryp-
torchidism. A minority of boys with anorchia
have complete testicular agenesis along with
epididymis and vas deferens, but a majority
have blind-ending cord structures—also called
a vanishing testis. The blind-ending cord in
these boys with a vanishing testis terminates
mostly in the inguinal canal, with a minority
intraabdominally, in the superficial inguinal
ring, or, least common, in the scrotum. Yet the
diagnosis of agenesis is imprecise; some indi-

viduals who have negative inguinal canal, and
scrotal exploration have later developed an
intraabdominal seminoma, presumably from an
overlooked intraabdominal testis.

Cryptorchidism is more common than
anorchia. Pathogenesis of cryptorchidism is
unclear; it is probably part of an embryoge-
netic defect. These infants are also prone to
develop renal agenesis, ureteral duplication and
seminal vessel abnormalities. Normally at birth
the testes are already descended into the
scrotum. With clinical suspicion of an unde-
scended testes, the primary question is: What is
the location of the testis? Clinically, these infants
can be subdivided into those with a nonpalpa-
ble testis and those with a palpable testis in an
abnormal location. About 25% have a nonpal-
pable testis located in the abdomen or inguinal
canal (and occasionally even distal to the exter-
nal inguinal ring), while a palpable testis ranges
in location from the inguinal canal, inguinal
pouch, and high scrotal position, to even an
unusual ectopic position. In most babies 
with cryptorchidism the testis descends 
shortly after birth, but an undescended testis
persisting beyond the age of 1 year generally
will not change position. By puberty, an 
undescended testis degenerates and has a low
spermatogenesis rate.

A high scrotal testis is one located below the
external inguinal canal; it can be manipulated to
the upper scrotum, but then ascends. Some con-
sider it to represent the mildest form of an
undescended testis.A high scrotal testis tends to
be smaller than the contralateral one. These
boys have a higher prevalence of testicular
torsion.

A nonpalpable testis is more common on the
left side.

Bilateral cryptorchidism is found in about
half of adults with Noonan’s syndrome. A high
prevalence of undescended testis is found in
Down syndrome. Premature infants are some-
what prone to having cryptorchidism. An asso-
ciation exists between cryptorchidism and
epididymal abnormalities.

An undescended testis is prone to developing
a malignancy, with the most common tumors
being a seminoma and embryonal cell carci-
noma. Metachronous tumors occur with bilat-
eral cryptorchidism. The risk of malignancy
increases even after orchiopexy, to the point 
that some surgeons advocate orchidectomy 
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for postpubertal cryptorchid males. As an
example of the risk for cancer, a 26-year-old
man with Noonan’s syndrome had had bilateral
orchiopexy for undescended testicles at 12 years
of age, and now US confirmed a right testicular
solid tumor and CT identified retroperitoneal
adenopathy (3); orchiectomy revealed findings
consistent with a seminoma.

Postpubertal males with cryptorchidism
rarely have normal spermatogenesis; matura-
tion arrest and seminiferous tubular atrophy are
common. Bilateral dysgenesis is evident even
with unilateral cryptorchidism because the risk
of malignancy is also increased in the con-
tralateral normally located testis and some
investigators suggest a post-pubertal biopsy for
carcinoma-in-situ.

Transverse testicular ectopia, consisting of an
abnormal testicular descent resulting in a uni-
lateral location of both testes, is extremely rare.
It is usually associated with an inguinal hernia.
The spermatic cord of the ectopic testis origi-
nates from its correct site. In such a situation,
one testis is in the inguinal region and another
in the ipsilateral scrotum.

An undescended testis can develop torsion
later in life; an underlying neoplasm is associ-
ated with such torsion.

Imaging

Individuals operated on previously for cryp-
torchidism tend to develop microlithiasis (4);
annual US surveillance is recommended for
these patients with microlithiases.

Because of ease and ready availability, US is
the current primary imaging modality in evalu-
ating cryptorchidism. Ultrasonography cor-
rectly identifies over 90% of inguinal testes but
only a minority of atrophic inguinal testes.
Ultrasonography has a low yield if no testis is
palpable or is intraabdominal in location or in
those with an associated inguinal hernia. MRI
should be considered for these infants.

Ultrasonography identifies an undescended
testis as a smooth oval structure that is usually
smaller than a normal testis.An enlarged lymph
node has a similar appearance, and visualiza-
tion of a linear echogenic mediastinum testis is
helpful in differentiating between these two
structures.

Computed tomography is limited in this 
condition. Especially in children, the lack of

surrounding fat makes testis detection 
difficult.

Magnetic resonance imaging is evolving as
the preferred imaging modality for an unde-
scended testis and its role will undoubtedly
increase in the future. It localizes most unde-
scended testes, including those in the abdomen.
A current reasonable approach is to add either
MR or US if the first study is inconclusive. A
testis is hypointense on T1- and hyperintense on
T2-weighted signal intensity, although the T2-
weighted signal intensity is lower than usual
with an atrophic or fibrotic testis. Most unde-
scended testes are perivesical in location, with
an occasional one outside the pelvis.

One promising technique is MR venography;
imaging at various delayed venous phases after
gadolinium infusion detects the contrast-
enhanced pampiniform venous plexus. This
technique detected testes not identified with
more conventional MRI (5).

Spermatic arteriography has been supplanted
by noninvasive imaging.

Thermography has been suggested as an aid
in detecting an undescended testis but is of
limited use with an abdominal testis. It appears
to have a role if a high undescended testis is sus-
pected but is not palpable and not detected by
US.

Therapy

In the past, therapy for an undescended testis
included surgical exploration, supplanted 
later by subumbilical laparoscopy, and, more
recently, transinguinal laparoscopy. One
approach for a nonpalpable testis is initial
abdominal laparoscopy; if vas deferens or sper-
matic vessels enter the internal inguinal ring,
surgical exploration of the inguinal canal is 
performed, but if both vas deferens and 
spermatic vessels are absent or end blindly
intraabdominally, a diagnosis of anorchia or
vanishing testis is presumed.

Residual testicular and epididymal abnor-
malities persist in adults who are treated for an
undescended testis in childhood. The cryp-
torchid testis is smaller in adults treated surgi-
cally when they were children. The fertility rate
of adult men who underwent surgical correc-
tion of bilateral cryptorchidism as children is
markedly reduced compared to those who had
unilateral cryptorchidism; the resultant fertility
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is independent of surgical timing. These adults
tend to have an abnormal US echo pattern in the
involved testes.

Polyorchidism

Polyorchidism is uncommon. It is a result of
transverse division of the embryonic genital
ridge. Bilateral polyorchidism is extremely 
rare.

These boys are at an increased risk for cryp-
torchidism, inguinal hernia, and testicular
malignancy, at times uncommon ones such 
as a rete testis adenoma and an embryonal 
carcinoma.

An occasional polyorchid testis is detected by
US.

Dysplasia

Cystic dysplasia is a rare congenital nonneo-
plastic condition resulting in multiple cysts in
the mediastinum testes. The defect probably
represents a lack of connection between rete
testis tubules and efferent ductules.

Rete testis cystic dysplasia presents as a
scrotal or abdominal tumor. Ipsilateral renal
agenesis is found in some individuals, and
whenever cystic dysplasia is detected, ipsilateral
renal agenesis should be excluded. Other asso-
ciated lesions include multicystic dysplastic
kidney, duplication anomalies, and cryptor-
chidism. Multicystic epididymides and seminal
vesicles have developed in association with
polycystic renal disease.

Ultrasonography reveals multiple small cysts.
The appearance is similar to that seen with a ter-
atoma or even testicular microlithiasis.

Vas Deferens

Wolffian duct structures include the epi-
didymis, vas deferens, seminal vesicles, and
ejaculatory ducts. Malformations of these struc-
tures consist of cysts, agenesis, and partial
atresia; an occasional one is associated with
renal agenesis. Congenital absence of the vas
deferens can be either bilateral or unilateral. In
some, unilateral vas deferens agenesis is associ-
ated with unilateral renal agenesis (bilateral
renal agenesis is incompatible with life), and a
finding of vas deferens agenesis should lead to
a renal study. Those with congenital unilateral

vas deferens absence and infertility often have
anomalies in the contralateral testes. An asso-
ciation exists between the absence of a vas 
deferens and cystic fibrosis; in fact, congenital
bilateral vas deferens absence probably is a mild
form of cystic fibrosis.

Four patterns were identified among men
with vas deferens agenesis (6): bilateral agene-
sis (64%), bilateral agenesis associated with uni-
lateral renal agenesis (3%), unilateral agenesis
(15%), and unilateral agenesis with unilateral
renal agenesis (18%). A cystic fibrosis mutation
was detected in 64% of men with bilateral age-
nesis but in none with unilateral agenesis, and
the latter condition thus presumably is due to a
different pathogenetic pathway.

The absence of vas deferens is identified by
endorectal US.

Other anomalies include an ectopic vas def-
erens and vas deferens duplications.

Abnormal wolffian duct development can
result in an ectopic vas deferens insertion into
the posterior bladder wall.

Splenogonadal Fusion

An unusual cause of a scrotal mass in boys is
splenogonadal fusion. In this congenital entity,
splenic tissue is located in the epididymis,
tunica albuginea, or along the spermatic cord,
almost always on the left side. Although usually
found as a discrete tumor, occasionally varying
amounts of splenic tissue extend from the
splenic hilum inferiorly. Such continuous
splenic tissue is associated with other systemic
anomalies.

Many of these discrete splenic tumors are ini-
tially thought to represent a neoplasm. Consid-
eration of splenogonadal fusion is important
because at times a surgeon is able to dissect
splenic tissue off the tunica albuginea.

Adrenal Rests

Testicular epididymal and adjacent structure
adrenal rests derive from aberrant adrenal 
cortical tissue migrating into these structures
during fetal development. Incidental adrenal
rests are most common in newborns but gener-
ally involute with age. Hyperplasia of these
adrenal rests leads to either focal tumors or
diffuse testicular enlargement. In fact, a testicu-
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lar tumor in a male with congenital adrenal
hyperplasia most often represents testicular
adrenal rests. These testicular rests can change
in size, at times rapidly. Most symptomatic ones
are discovered in the pediatric age group, at
times associated with precocious puberty. These
solid, multiple, and usually bilateral tumors 
are believed to develop secondary to elevated
adrenocorticotropic hormone (ACTH) levels
and are also found in Addison’s disease and
Cushing’s syndrome. A rare such adrenal rest
develops a malignancy.

Most are located adjacent to the mediastinum
testis. US reveals these predominantly intrates-
ticular, often multiple, bilateral tumors to be
mostly hypoechoic when small but often
contain hyperechoic regions with growth (7);
with color Doppler US they range from hyper-
vascular, isovascular, to hypovascular relative to
normal testis. Some contain a spoke-wheel
pattern of converging vessels. They are isoin-
tense on T1- and hypointense on T2-weighted
MR images, tumor margins are well-defined and
most show contrast enhancement (7). Their
appearance suggests a neoplasm. With the pres-
ence of adrenal hyperplasia, whether these
tumors should be investigated for a possible
underlying malignancy remains an individual
clinical decision.

Ultrasonography and MRI appear similar 
in detecting intratesticular adrenal rest tissue
(8); MR showed 71% of testicular adrenal 
rests to be isointense and 29% slightly hyper-
intense to normal testicular tissue on T1-
weighted images; all were hypointense on
T2-weighted images, and 85% enhanced dif-
fusely postcontrast.

At times testicular vein sampling reveals ele-
vated cortisol levels (compared with peripheral
blood).

These tumors regress with glucocorticoid
therapy.

Trauma
Urethra
Anterior pelvic arch fractures are usually 
associated with membranous urethral injury,
while straddle injuries tend to involve the
bulbous urethra. Associated bladder injury
should also be suspected. A retrograde urethro-

gram should be obtained with any suspected
urethral injury.

Urethral trauma ranges from incomplete to
complete rupture. Blind bladder catheterization
should be discouraged in such a setting to avoid
converting a partial tear into complete rupture.
A classification of injury to the anterior and
posterior urethra is outlined in Table 13.1. Type
IV injury is least common. A retrograde ure-
throgram should be diagnostic for a tear.

Although CT is not directly employed for ure-
thral trauma, it is often obtained to evaluate
pelvic structures, and it does provide indirect
evidence of urethral injury. With type I injury
the prostate is elevated, type II is associated with
contrast extravasation above the urogenital
diaphragm, and type III is associated with
extravasation below the urogenital diaphragm.
An MRI can establish the length of urethral
injury and any prostatic displacement. The
sequelae of urethral injury are stricture, impo-
tence, and incontinence, the latter due to prior
sphincter injury. Future impotence is suggested
if MRI detects avulsion of the corpus caver-
nosum, separation of the corporeal body, and
superior or lateral prostatic displacement. With
both corpus cavernosum avulsion and prostatic
displacement, the probability of permanent
impotence is over 90%.

Strictures in boys with posttraumatic ure-
thral disruption are almost always inferior to
the verumontanum; stricture length tends 
to be overestimated during urethrography due
to incomplete filling.

Smaller, less fibrous posttraumatic recto-
urethral fistulas tend to heal spontaneously 
after a double diversion; others require recon-

Table 13.1. Classification of blunt urethral trauma

Type I: Posterior urethra intact but stretched
Type II: Partial or complete posterior injury with tear 

of membranous urethra above urogenital
diaphragm

Type III: Partial or complete combined anterior/
posterior urethral injury with urogenital
diaphragm disruption

Type IV: Bladder neck injury with extension into 
urethra

IVA: Injury to base of bladder with periurethral 
extravasation simulating a true type IV
injury

Type V: Partial or complete anterior urethral injury

Source: Adapted from Goldman et al. (9).
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struction. A urethral stricture is a potential
postreconstruction complication.

Penis
The most common conditions resulting in pri-
apism due to trauma are an intracavernosal
arteriovenous fistula, a pseudoaneurysm, or
asymmetric cavernosal arterial blood flow.
These fistulas can be detected by selective
angiography, and subsequent embolization can
be therapeutic. The embolic materials used are
autologous blood clots, N-butyl-cyanoacrylate,
and others.

With suspected penile fracture some sur-
geons operate without any diagnostic imaging
being performed, with imaging requested pri-
marily for equivocal clinical findings. In this
setting, however, traumatic rupture of the
corpus cavernosum is not uncommon and some
investigators believe that preoperative caver-
nosography should be performed and therapy
modified accordingly. A corpus cavernosum
tear is identified as contrast extravasation
during cavernosography. Most corpora caver-
nosa ruptures are proximal, the vast majority
being unilateral; associated complete urethral
rupture is rare.

Mostly anecdotal reports suggest that MRI is
superior to US in identifying corpus caver-
nosum rupture; the role of MR will undoubtedly
expand. MRI detects corpus cavernosum
rupture as a discontinuity in the hypointense
tunica albuginea (10); associated subcutaneous
haematoma were identified both on T1- and T2-
weighted images, but corpus cavernosum
haematomas were better seen on contrast
enhanced T1-weighted images.

Follow-up MRI after surgical repair reveals a
hyperintense signal at the tunical suture site on
precontrast T1-weighted images, enhancing
with contrast (10); the tear site gradually recov-
ered its hypointensity on spin echo sequences.

Scrotum and Testes
A painful, ecchymotic scrotum is common after
scrotal trauma. Preoperative US is useful in 
suspected testicular rupture. Still, both false-
positive and false-negative findings occur. For
instance, fracture of the tunica albuginea can 

be missed with US. Ultrasonography cannot
provide an accurate diagnosis of rupture. On the
other hand, if US is abnormal, even if the
findings are nonspecific, testicular rupture
should be suspected. Ultrasonography reveals
testicular rupture as regions of heterogeneous
echogenicity and loss of normal contour. Only
occasional fracture planes are identified by US.

An intratesticular pseudoaneurysm devel-
oped after blunt trauma (11).

Traumatic dislocation of the testis is rare and
most are inguinal in location. Associated sper-
matic cord injury is also often present. Imaging
is helpful in guiding surgical correction.

Among mountain bikers (with less than half
being symptomatic), 94% had abnormal scrotal
US, consisting of scrotal calculi (81%), epidi-
dymal cysts (46%), epididymal calcifications
(40%), testicular calcifications (32%), hydro-
celes (28%), varicoceles (11%), and testicular
microlithiasis (1%) (12).

Prostate and Adjacent
Structures
Hyperplasia/Hypertrophy
Clinical

Benign prostatic hyperplasia (BPH), also called
benign hypertrophy, adenomatous hypertrophy,
or simply adenoma, increases with age. Some
physicians use this term to describe a symptom
complex rather than use it as an anatomic entity.
The term lower urinary tract symptoms is used
by some for this broad clinical entity.

The prevalence varies among racial and
ethnic groups; it is considerably less common
among Japanese men than among Caucasians.
Estrogen has a role in its development. Serum
beta-carotene and smoking appear to be risk
factors for BPH. Familial BPH does exist.

Most benign hyperplasia occurs in the tran-
sition zone and only occasionally in the peri-
urethral glandular zone. Some enlarged glands
contain cysts, calcifications, or even regions of
hemorrhage. Little correlation is apparent
between prostatic calcifications and the extent
of hyperplasia. Likewise, endorectal US meas-
urements of prostate size or transition zone
volume do not relate to the degree of bladder
outlet obstruction. Also, the volume of residual
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urine correlates poorly with prostate size and
flow rate. Prostatic capsule rigidity may play a
role in benign hyperplasia. Prostatic innerva-
tion also appears to be a factor, because a-
adrenergic receptor blocking agents lower
resistance to flow in those with an enlarged
prostate. On the other hand, in a setting of
benign hyperplasia ischemia does not appear to
be a factor in bladder outlet obstruction.

Occasionally a prostatic biopsy suggests a
low-grade adenocarcinoma, which actually rep-
resents hyperplasia of verumontanum mucosal
glands.

At times voiding cystourethrography shows 
a smooth posterior impression at the bladder
neck. If this impression is only several millime-
ters in length, it probably should be considered
within the normal range. When enlarged, it is
called median lobe hyperplasia and is produced
by periurethral gland hyperplasia. Such hyper-
plasia occurs in men with spinal cord injury 
and in those who have undergone numerous
catheterizations.

Occasionally an inguinal cystocele mimics
clinical findings of prostatic enlargement but
without actual evidence of bladder outlet
obstruction. Also, not all prostatic enlargement
is secondary to hyperplasia or neoplasm; in
some parts of the world bladder schistosomia-
sis is a cause of prostatic enlargement.

Imaging

Does intravenous (IV) urography have a con-
tinued role in men with prostatism? In a large
minority of patients with prostatism, IV urog-
raphy reveals excretory system dilation, calculi,
an unexpected congenital anomaly, or other
abnormality. Voiding cystourethrography adds
little to the diagnosis, except perhaps in younger
men in a search for alternate diagnoses for ure-
thral obstruction. Prostate size cannot be evalu-
ated with this examination.

Computed tomography reveals prostatic
hypertrophy as a smooth homogeneous, but CT
is not indicated for simple benign prostatism.
Computed tomography attenuation values are
similar for benign disease and a malignancy.

Bladder wall thickening is common with
bladder outlet obstruction. To obtain repro-
ducible US results, bladder wall thickness
should be measured after bladder filling with a
standardized amount of fluid—about 150 mL.

Not all bladder wall thickening is due to bladder
outlet obstruction.

The sonographic appearance varies from a
fine to a rough pattern or a combination, and
hypoechoic to hyperechoic. Echogenicity in any
one patient is due to a mix of complex hyper-
plastic glands and a cystic atrophic component.
Nodules are detected in some glands. Any
calcifications present appear hyperechoic. At
times the central and peripheral gland portions
appear to be separated.

Prostatic size estimates are of less importance
in BPH than with a suspected cancer. In addi-
tion, a “gold standard” is more difficult to estab-
lish than with a radical prostatectomy for
cancer. Studies suggest that endorectal US and
MRI measurements of prostatic hyperplasia are
similar, although endorectal US may underesti-
mate prostatic weight. Gross prostate size esti-
mates, however, are useful; transurethral
resection is more difficult with a very large
gland.

Magnetic resonance imaging reveals BPH to
be hypointense on T1- and heterogeneous and
mildly hyperintense on T2-weighted images
(Fig. 13.3).

Figure 13.3. Benign prostatic hypertrophy, bladder outlet
obstruction, and thick bladder wall (arrows), detected on T2-
weighted magnetic resonance (MR) image. (Source: Burgener
FA, Meyers SP, Tan RK, Zaunbauer W. Differential Diagnosis in
Magnetic Resonance Imaging. Stuttgart: Thieme, 2002, with 
permission.)
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Therapy

Resection

Currently surgical resection is the gold standard
in treating BPH, most often using a trans-
urethral approach. Post-resection MRI reveals
degenerative changes near the prostate surface
and shrinkage of the prostatic capsule. A dilated
prostatic urethra is readily identified.

A complication of a radical retropubic prosta-
tectomy is an inguinal hernia. Most of these
hernias are indirect. Fistulas are uncommon;
with surgery being close to the symphysis pubis,
an occasional fistula leads to osteitis pubis.

Bladder hypertrophy due to obstruction by
BPH is to a large extent reversible after surgical
relief, except in those with irreversible degener-
ative changes.

Nonsurgical

The natural progression of BPH suggests that in
many men an initial decision to prescribe no
therapy is a viable option; symptoms in most
men do not progress. In some, a-adrenergic-
blocker therapy and 5a-reductase inhibitor
therapy are helpful.

Although a number of nonsurgical tech-
niques, such as laser therapy, microwave ther-
motherapy, and others have been tried, thermal
ablation is currently the only viable alternative
to surgery, achieving similar results. Balloon
dilation has been disappointing.

Laser Therapy

Laser ablation thermotherapy leads to coagula-
tion necrosis, with eventual reepithelialization.
In theory, laser coagulation shrinks the prostate
by inducing prostatic necrosis without injury to
the urethra or surrounding tissues. Currently,
results from US-guided laser-induced trans-
urethral thermal therapy appear inferior to
those obtained with transurethral resection.
One disadvantage of laser therapy is that no
tissue is obtained and it takes longer to attain
symptomatic improvement compared to trans-
urethral resection. Prostatic volume initially is
not reduced, and postprocedure urinary reten-
tion is common. Laser therapy, however, is still
a new technique, and further advances are to be
expected.

Few complications are encountered and
symptoms eventually improve in most. Rarely,
the loss of ejaculation, epididymitis, or an
abscess develops. Urethral stricture is a late
complication.

Magnetic resonance imaging detects prostate
changes during and after laser-induced ther-
motherapy. Repetitive T2-weighted fast spin
echo (FSE) MRI during coagulative laser ther-
motherapy revealed persistent hypointense
regions, presumably representing coagulation
necrosis. These regions increase in size during
therapy. The prostate remains enlarged shortly
after treatment, and contains poorly defined
hypointense regions surrounding the urethra;
with time, the prostate gland returns to its pre-
operative size.

Central coagulation necrosis is seen as a
hypointense region surrounded by a hyper-
intense rim. The prostate increases in size,
presumably due to edema; edema is evident in
the surrounding tissues and the presacral space
thickens. Subtracting postprocedure laser-
induced lesion volume (obtained via MR
planimetry) from preprocedure volume pre-
dicts prostatic volumes at late follow-up (13),
although transitional zone volume was under-
estimated and peripheral zone volume was
overestimated.

Microwave Ablation

Transurethral microwave thermotherapy is a
potential outpatient procedure requiring little
or no anesthesia. A temperature ≥60°C results in
coagulation and tissue necrosis. Tissue vapor-
ization ensues if the temperature is >100°C. Use
of higher energy levels improves results but at
the expense of increased morbidity.

Symptomatic improvement is achieved in
about half of men treated with microwave 
thermotherapy. Imaging findings are in-
constant. Magnetic resonance imaging detects
prostatic urethral widening. Necrosis is an
inconstant finding. Findings on voiding cys-
tourethrography and retrograde urethrography
before and after transurethral microwave
therapy do not correlate with subjective
improvement. The transition zone volume,
obtained from pretreatment endorectal US,
appears to relate to long-term microwave ther-
motherapy efficacy.
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Other Therapy

Self-expanding endourethral stents have been
used to treat bladder outlet obstruction due to
prostatic hyperplasia; still, urethral stents have
had limited success, with some stents dislodge
or become encrusted.

Preliminary results using an electrosurgical
generator for transurethral prostatic electrova-
porization are encouraging. Postoperative urine
incontinence is a potential complication.

High-intensity focused ultrasound therapy is
still experimental.

Infection/Inflammation
Prostatitis

Prostatitis can be either acute or chronic. At
times a specific pathogen is detected; if not, the
clinical symptoms are often ascribed to prosta-
todynia, a previously poorly defined condition.
In this work prostatodynia is used to designate
pelvic venous congestion and is discussed later
(see Vascular Abnormalities).

Granulomatous prostatitis is a histologic
diagnosis. Common causes are prior prostatic
surgery and prostatic needle biopsy. Occasion-
ally prostatic granulomas develop in a setting of
prior bacillus Calmette-Guérin therapy.

Ultrasonography reveals a complex pattern 
in prostatitis. At times prostatic nodules are
present. In a normal gland Doppler US using a
coronal plane reveals capsular and parenchymal
arteries radiating symmetrically. These arteries
become more prominent in acute prostatitis.

Ejaculatory duct calcifications develop in
chronic prostatitis.

Early prostatic cancer and prostatitis are
difficult to differentiate with current imaging.
Of interest is that in some patients with prosta-
titis MR spectroscopy detects an elevated
choline peak and reduced or no citrate, findings
mimicking those of cancer (14).

Abscess

Predisposing factors for periprostatic or pro-
static abscesses are diabetes mellitus, ure-
thral catheterization or manipulation, and an
immunocompromised status. Most abscesses
are infected, with only an occasional sterile
abscess encountered. Any portion of the

prostate can be involved, and an abscess may or
may not communicate with the urethra. Some
prostatic abscesses result in bladder outlet
obstruction.

A prostatic abscess is detected either by CT or
endorectal US. Typically US reveals hypoechoic
or anechoic regions with internal echoes, sug-
gesting fluid-filled structures containing septa-
tions. Some mimic loculated cystic prostatic
tumor.

Once diagnosed, a prostatic abscess can be
drained using endorectal US guidance, and a
perineal or transurethral drainage approach can
be used.

Tuberculosis

Tuberculosis either is primarily genital in origin
and involves the seminal vesicles, prostate, and
adjacent structures, or these structures are
involved by extension from the kidneys. An
occasional tuberculous prostatitis is associated
with intravesical carcinoma therapy with 
bacillus Calmette-Guérin.

Tuberculosis results in prostatic inflamma-
tion, enlargement, necrosis, or abscess. Cystog-
raphy reveals prostatic enlargement simply as
bladder base elevation. Urethrography identifies
any urethral stricture or fistula to adjacent
structures. Endorectal US reveals prostatic
enlargement with multiple hypoechoic foci
within the gland, usually anteriorly in the tran-
sition zone, representing necrotizing granulo-
mas. Eventually these granulomas calcify.

In some men seminal vesicle and vas de-
ferens calcifications are the only imaging 
abnormality. Vas deferens calcifications are
either intramural or intraluminal in location,
and the appearance mimics findings seen with
diabetes mellitus.

Computed tomography reveals inflammation
of the surrounding structures, including peri-
vesical fat stranding.

Other infections

The seminal vesicles dilate and calcify sec-
ondary to schistosomal involvement. At times
the ejaculatory ducts also dilate. Schistoso-
miasis induces prostatic retention cyst forma-
tion and eventual prostatic enlargement and
calcifications.



814

ADVANCED IMAGING OF THE ABDOMEN

Ultrasonography detects hyperechoic pro-
static foci. Seminal vesiculography outlines the
dilated lumen and irregular border. After
therapy the prostate decreases in size and the
hyperechoic foci become less evident. Some
investigators believe that calcifications also
diminish.

In endemic regions the presence of typical
calcifications is presumptive evidence for schis-
tosomiasis.

Prostatic aspergillosis is rare in a immuno-
competent patient. It is associated with recur-
rent urinary tract infections.

Brucellar prostatitis is rare even in brucel-
losis-endemic regions, such as certain provinces
of Spain. Ultrasonography is useful to follow
therapy.

Malacoplakia

Prostatic malacoplakia is a granulomatous
inflammatory disorder, presumably being a
variant of chronic granulomatous prostatitis.
Prostatic malacoplakia can form fistulas to adja-
cent structures. It often mimics a malignancy
and some affected men have undergone a
radical prostatectomy for suspected carcinoma.

Past urinary tract infections are a common
precedent.

Ultrasonography revealed a hypoechoic
peripheral zone tumor in three men with pro-
static malacoplakia (15).

A biopsy should provide the diagnosis by
detecting Michaelis-Gutmann bodies, although
even a biopsy can be misdiagnosed as a 
carcinoma.

Tumors
Sclerosing Adenosis

Sclerosing adenosis usually develops in a setting
of prostatic gland hyperplasia. Even histologi-
cally, this entity is difficult to differentiate from
a well-differentiated adenocarcinoma.

Prostatic and Müllerian Cysts

Prostatic cysts are uncommon. Embryologically,
many of these cysts represent either an enlarged
prostatic utricle or a cystic müllerian duct; both
tend to be located close to the midline, which
helps differentiate them from the more laterally
located seminal vesicle and ejaculatory duct

cysts. Müllerian duct cysts tend to project some-
what lateral to the midline, while utricle cysts
are midline structures; müllerian duct cysts
tend to be larger and extend further superiorly,
while utricle cysts tend to be small. However,
considerable overlap exists and these cysts
cannot be readily differentiated from each
other. A rare müllerian duct cyst is associated
with prostatitis.

A dilated utricle is associated with hypospa-
dias and testicular abnormalities. Some utricle
cysts lead to dysuria. They vary in size. Urogra-
phy and US simply detect a retrovesical cyst.

An occasional midline prostatic cyst is a cys-
tadenoma or a simple cyst, but not all prostatic
cysts are benign. A rare one is a prostatic cystic
adenocarcinoma, often in a young man.

Clinically most prostatic cysts are asympto-
matic, although an occasional larger one leads to
bladder outlet obstruction or becomes infected.

Magnetic resonance reveals prostatic cysts
similar to other fluid-filled structures; namely,
they are hypointense on T1- and hyperintense
on T2-weighted images. Blood and other fluid
modify these findings.

Prostatic cysts are amenable to transrectal
puncture and drainage under US guidance. A
müllerian duct cyst causing ejaculatory duct
obstruction was drained transurethrally using
US guidance (16).

Benign Neoplasm

Benign prostatic neoplasms are almost non-
existent, and most reported ones are anecdotal.
No imaging features differentiate them from
malignancies.

A schwannoma within the prostate ranges
from a focal tumor to an enlarged prostate.
Transrectal US identified one as a hypoechoic
nodule in the periphery (17); specific diagnosis
could be established only by biopsy.

Prostate involvement in neurofibromatosis is
rare. Endorectal coil MR localizes and provides
guidance for biopsy of suspicious tumors.

Prostate Carcinoma

Primary

Clinical Aspects

General: In the West, prostatic cancer is the 
most commonly diagnosed cancer in men. For
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unknown reasons, the relative incidence
appears to be increasing in both Europe and
North America. Only part of this increase is
explained by improved diagnosis. One factor
influencing results is that the number of
prostate T1a–b cancers has declined consider-
ably, with the decline probably due to less fre-
quent use of surgical prostatectomy for treating
BPH. At least in the United States a rise and fall
in prostate cancer detection rates occurred in
the 1990s, believed by some to represent prima-
rily a removal of previously undetected T2
cancers from the prostate cancer pool due to
improved screening, leaving behind mostly
undetected T1c cancers as a residual reservoir
(18). Among men treated with a radical pro-
statectomy for clinical stages T1c to T2c from
1988 to 1996, T1c cancers increased from 10% in
1988 to 73% in 1996, cancers confined to the
prostate increased from 40% to 75%, and tran-
sition zone cancers increased from 10% to 21%
(18); on the other hand, seminal vesicle invasion
decreased from 18% to 5%, positive surgical
margins decreased from 30% to 14%, and the
mean patient age decreased from 65 to 62 
years.

Unlike many other cancers, prostate cancer
has a wide spectrum of activity, and a number
of these cancers do not result in serious 
morbidity and mortality. Especially well-
differentiated ones tend to be quiescent for con-
siderable time, although the current concept is
that prostatic cancers progress. Some investiga-
tors assume a simplistic division of prostatic
cancers into indolent ones that are unlikely to
progress and those that result in extensive mor-
bidity and mortality. Probably a more realistic
assumption is a continuous spectrum contain-
ing two peaks. Thus although prostate cancer is
quite common in elderly men, it is difficult to
predict in any one individual whether the cancer
will progress or not. Extrapolating findings
from an autopsy study of prostates containing a
clinically undetected carcinoma, carcinomas
remaining clinically insignificant throughout
life tend to have long doubling time, while those
that become clinically significant are likely to
have doubling times of several years or less; thus
knowledge of a tumor doubling time in an
elderly patient could provide clinical guidance.

In men at a mean age of 64 years, the Associ-
ation Française d’Urologie estimates a 43% his-
tologic prevalence of prostate cancer and that it

takes about 12 years for a 0.5-cc cancer to reach
a volume of 4 cc, a size associated with the risk
of distant metastases (19); without therapy, a
localized cancer diagnosed before age of 65
years results in a survival of less than 30%. Com-
plicating matters, even with therapy prostate
cancer diagnosed before the age of 50 years is
associated with <50% survival at 5 years; many
of these men already have metastases at initial
diagnosis.

Most prostatic carcinomas originate in the
prostatic gland periphery. With growth, the
tumor invades the surrounding structures,
including the rectum. Thus occasionally an
invasive prostatic carcinoma presents with
rectal bleeding.

One patient with prostate cancer developed
disseminated intravascular coagulopathy (20);
the authors postulated the release of procoagu-
lation substances during diagnostic or thera-
peutic procedures.

Etiology: A study combining data from several
French urologic centers concluded that clusters
in families (familial) account for 15% to 25% of
prostate cancers and hereditary forms were
evident in 5% to 10% (21). In addition to such an
inherited trait, having an autosomal-dominant
mode with variable penetrance, environmental
factors also have a role,and in some of these men
a purely environmental influence is evident.Car-
riers of a germline mutations in the BRCA1 gene
on chromosome 17q appear at increased risk for
prostate cancer. In general, a hereditary
influence is more evident in those who develop
prostate cancer at a younger age. No major
pathologic differences exist between the heredi-
tary and sporadic forms of cancer.

Applying familial cancer data to clinical 
practice, the Association Française d’Urologie
estimates that, compared to the general popula-
tion, a family history (first-degree relative) of
prostate cancer is associated with a two- to
threefold increased risk of prostatic cancer (19);
such a familial association thus defines a high-
risk group for screening.

Schistosomiasis is associated with bladder,
rectal, and renal cancers. No definite association
with prostate cancer is established, although
prostate cancer is occasionally reported in
young men with schistosomiasis.

Although adenomatous hyperplasia appears
intermediate between BPH and a well-
differentiated carcinoma, suggesting that it is a
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possible precursor for carcinomas arising in the
transition zone, BPH is not considered to be a
precursor to prostatic cancer. Likewise, in spite
of some earlier reports, no definite association
exists between prior vasectomy and prostate
cancer.

Screening: Screening for prostatic cancer is
controversial. In the United States and some
European countries routine physical examina-
tion of men at risk (generally considered to 
be those over age 50 years) include a digital
rectal examination and determination of
serum prostate-specific antigen (PSA) level. In
some countries PSA testing is not routinely 
performed, the reasoning being that its use 
in screening results in overdiagnosis and
overtreatment. Also, some believe that no firm
evidence exists that early diagnosis decreases
mortality. In addition, because of the prolonged
time course of prostatic cancer growth in some
men, whether cure in the higher surgical risk
group really represents the best option is also
questioned. Some physicians believe that PSA
testing is not usually indicated in men over
about 70 years unless digital examination sug-
gests prostatic disease; another viewpoint is that
in those with a life expectancy greater than of
10 to 15 years an elevated PSA level is an 
indication for US and biopsy. Nevertheless, in
countries with extensive screening, evidence
suggests that an earlier diagnosis has an impact
on this cancer, and the number of men seen with
advanced disease decreases.

In the United States, the recommended fre-
quency for PSA screening for prostate cancer is
every year, although an optimal interval has 
not been established. A Rotterdam study, in
which 4133 men, aged 55 to 75 years, underwent
PSA screening initially, again 4 years later in
over half the subjects, and, when indicated, a
needle biopsy was performed, found that ini-
tially 36% of the cancers detected had a Gleason
score of 7 or higher but only 16% of those
detected 4 years later had such an elevated score
(22); initially 25% of the cancers detected had
adverse prognostic features, but only 6% of
those detected 4 years later did, and the authors
concluded that most large prostate cancers are
detected by PSA screening and, among these
men, a screening interval of 4 years appears to
be short enough to prevent large tumors from
developing.

A serum PSA level of up to 4 nanograms 
per milliliter is commonly assumed to be within
the normal range, although this level is arbi-
trary, and a number of men with a lower PSA
level have developed prostatic cancer. Of inter-
est is that many of these tumors are also not
detected by endorectal US and digital rectal
examination.

The production of PSA is influenced by
androgen levels, and those taking drugs for
androgen suppression have low PSA levels even
in the presence of a prostatic carcinoma. False
serum positive PSA levels are uncommon when
using a monoclonal assay. The PSA levels are
elevated in some men with urinary tract infec-
tion but decline as infection clears; this marker
thus appears useful in following infection pro-
gression. The PSA level is also increased with
some nonprostatic neoplasms, including some
lymphomas.

A digital rectal screening examination detects
two thirds to three quarters of prostatic cancers.
In general, the sensitivity of the PSA assay is
higher than either digital rectal examination or
endorectal US. When combining serum PSA
levels and digital rectal examinations for
screening, some cancers are detected because of
an elevated PSA level only. A high proportion of
these men will have a nonpalpable prostate
cancer, and endorectal US is appropriate in this
population.

About 40% to 50% of hypoechoic foci
identified by endorectal US are cancerous.
These percentages can be improved; thus a
majority of hypoechoic foci in men with a PSA
>10 ng/mL are positive for cancer, but in those
with a PSA £4 ng/mL only a small minority are
positive.

What is the effect of instituting PSA screen-
ing and sextant biopsies on prostate cancer
detection? From serum stored in Göteborg,
Sweden, in 1980, PSA was analyzed for 658 men
born in 1913 with no previously known prostate
cancer (23); among those found to have a PSA
level of >3 ng/mL, the mean time from increased
PSA to an eventual clinical diagnosis of prostate
cancer was 7 years. Thus screening 67-year-old
men should lead to cancer detection and 
treatment a mean of 7 years before clinical
symptoms develop.

In summary, in asymptomatic men a screen-
ing digital rectal examination together with a
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serum PSA level detects more prostate cancer
and at an earlier stage than a digital rectal
examination alone. Currently endorectal US is
not sufficiently sensitive and specific to be 
used for routine screening for prostate cancer.
Nevertheless, a basic question remains: Are the
additional cancers detected with a screening
program mostly latent ones of limited future
significance or do they represent those that will
progress and, if untreated, metastasize?

A number of PSA-related tests have been
investigated: serum PSA level, age-adjusted PSA
level, PSA density, PSA velocity and a ratio of
free-to-total PSA. In blood, PSA is either free or
bound to proteins. PSA associated with prostate
cancer tends to be more protein-bound and thus
the ratio of free-to-bound PSA appears of some
value in estimating cancer risk. A PSA age-
corrected level is often used in screening pro-
grams. The rationale is that it will detect
younger patients with potentially curable
prostate cancer and identify those older patients
not requiring additional tests.

The ratio of free to total PSA varies with
prostate volume, but this ratio is of limited use
in differentiating benign from malignant
disease. It appears to have a role with a serum
total PSA level between 4 and 10 ng/mL, and
some authors suggest the use of this ratio in
men with a total PSA level between these levels
as an indicator of whether to biopsy or not, yet
the cutoff ratio used influences the resultant
sensitivity and specificity. The specificity can 
be improved, but at decreased sensitivity (i.e.,
fewer cancers detected). Currently this ratio is
not commonly employed as an initial guide
about whether to biopsy.

Serum PSA levels increase with prostate
volume. Thus rather than relying on an absolute
serum value, a PSA density value appears useful,
defined as serum PSA level divided by prostatic
gland volume as measured by rectal US and
expressed in nanograms per milliliter per milli-
liter of tissue. Theoretically, PSA density com-
pensates for the gradual increase in PSA level
due to gland growth with age. A PSA density
value is most useful in men with a normal
digital rectal examination and a PSA level
between 4 and 10 ng/mL, although some authors
deem such density measurements unreliable.
In men with a PSA level >10 ng/mL, the PSA
density is of even less significance.

A variant of the above is to use the PSA value
adjusted for prostate transitional zone volume.
This PSA transition zone density is obtained by
dividing the PSA value by the transition zone
volume. A change in PSA blood level over time
is known as PSA velocity and is expressed as a
PSA increase per year. Although men with BPH
also have an increase in PSA level with age,
those with cancer have a more logarithmic
increase. The PSA velocity is of less use in
patients with an elevated PSA level and negative
biopsy.

Pathologic Study

Adenocarcinoma accounts for about 95% of
all prostatic malignancies. Mucinous adenocar-
cinomas of the prostate are uncommon, and
their prognosis is worse than that of a more
typical adenocarcinoma. A rare papillary cyst-
adenocarcinoma has been reported; cyst 
aspiration yields a very high PSA level. An
adenoid cystic carcinoma is a variant of a pro-
static adenocarcinoma; some of these are asso-
ciated with a normal PSA level even in the face
of spread.

Of the rest, transitional cell carcinoma pre-
dominates, followed by an occasional squamous
cell carcinoma, small cell carcinoma, sarcoma,
and metastasis to the prostate. Primary squa-
mous cell carcinomas and sarcomatoid carci-
noma have developed in previously treated
adenocarcinomas, although a sarcomatoid 
carcinoma can originate de novo (24). A rare
prostatic carcinoma contains endometrioid 
features; both PSA and CEA levels tend to be 
elevated. These are rather aggressive cancers. A
curiosity is one malignancy metastasizing to
another malignancy. Thus prostate carcinomas
have metastasized to renal cell carcinomas.

Occasionally a biopsy reveals prostatic intra-
epithelial neoplasia without an adenocarci-
noma. This neoplasia, considered a precursor of
prostate cancer, is subdivided into high grade
and low grade; high-grade intraepithelial neo-
plasia is believed to be premalignant and a
strong predictor of later cancer, while the low-
grade variety tends to behave like BPH and is
associated with a low risk of carcinoma. Abnor-
mal growth factor receptors and general genetic
instability are associated findings with prostatic
intraepithelial neoplasia. A biopsy finding of
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high-grade intraepithelial neoplasia without
evidence of a carcinoma generally should be fol-
lowed by additional biopsies. One should also
keep in mind that some prostatic intraepithelial
neoplasias are difficult to differentiate from
cancers based on cytologic material.

A finding of neuroendocrine tumor cells is
not uncommon in prostate cancers and pre-
sumably reflects different stem cell evolution. In
distinction to androgen-responsive prostate
cancer cells, these neuroendocrine tumor cells
lack androgen receptors and are androgen
insensitive.

Prostate carcinomas are graded using either
the Gleason or World Health Organization
(WHO) grading systems (with nucleolar sub-
grading). In the United States the Gleason
grading system is more widely used. At least 
for relatively advanced primary tumors the
Gleason grading system appears superior in
predicting prognosis than the WHO grading
system (25).

In the Gleason system the tumor glandular
pattern is evaluated and the two most common
patterns graded from 1 to 5. These primary 
and secondary patterns are then combined to
obtain a Gleason score. A score of 2 signifies a
well-differentiated tumor and 10 is a highly
malignant one. In general, a biopsy Gleason
score correlates with resected prostate specimen
Gleason score. Paired biopsies and prostatec-
tomy specimens from clinically localized pro-
state cancers revealed exact score agreement in
57% and a difference of ±1 unit in 92% of
the paired samples and predicted tumor stage
(26); with minimal tumor size on a biopsy,
however, the Gleason score does not predict
tumor stage.

A less often used grading system is based on
an estimate of mean nuclear volume, developed
by Gunderson and Jensen. In some hands this
system is prognostically superior to the Gleason
system.

Cytometry of the DNA is useful in some
patients. Thus a finding of a constant diploid
and tetraploid pattern with DNA cytometry
identifies those who are at little or no significant
risk of tumor progression even without therapy
(27); men with a DNA tetraploid histogram may
deteriorate with hormonal therapy. A DNA 
aneuploid pattern suggests that a cancer may
not respond to hormonal therapy.

A xanthoma is a localized collection of
cholesterol-filled histiocytes. Most are idio-
pathic, although some develop in a setting of
hyperlipidemia. Their importance is that occa-
sionally a xanthoma biopsy suggests a carci-
noma; confusing the issue, xanthomas have
been reported adjacent to foci of adenocarci-
noma. A foamy gland carcinoma contains xan-
thomatous cytoplasm but lacks the nuclear
enlargement and prominent nucleoli associated
with a carcinoma.

Detection

Currently the most common initiator for a
search for prostate carcinoma is a screening
finding of an elevated PSA level. Examina-
tions used in prostate cancer detection include
digital rectal examination, endorectal US,
MRI, and US-guided transrectal biopsy. Each of
these procedures has its limitations. In general,
the detection rate for prostate carcinoma
increases when these procedures are used in
combination.

Computed Tomography: Nonhelical CT
detects an enlarged gland but cannot distin-
guish between BPH and a neoplasm. Carcinoma
is suggested only by an irregular contour
outline. Helical CT, on the other hand, identified
cancer in 88% of patients as peripheral zone
regions of contrast enhancement (28); transi-
tional zone cancers, on  the other hand, appear
similar to benign nodules.

Ultrasonography: Most peripheral zone 
carcinomas are hypoechoic, a nonspecific
finding because a number of benign condi-
tions are also hypoechoic. If a tumor is hypo-
echoic and also palpable, the probability of
carcinoma is about 75%. Hyperechoic prostatic
cancers are less common. They tend to be 
large when first detected. The least common are
isoechoic ones. Common US criteria used to
suggest a prostate cancer are the presence of a
peripheral zone hypoechoic nodule, periph-
eral zone inhomogeneity, and loss of zonal
architecture.

Adenocarcinomas originating in the transi-
tion zone are usually not detected with US.

Endorectal US provides more information
than a transabdominal approach. Nevertheless,
to put US in perspective, based on data from
sextant biopsies, in one study overall agreement
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between gray-scale and Doppler US findings
and biopsy results were minimally superior to
chance, and the authors concluded that sextant
biopsies are still necessary (29). A number of
controlled studies suggest that gray-scale US
detects about half or less of prostatic cancers.
One study found that endorectal gray-scale US
detected less than half of 190 subsequently
found cancers (30); targeted biopsies detected
57% of these cancers, with the rest detected by
sextant biopsies, and the authors concluded that
targeted biopsies should be accompanied by
sextant biopsies. Although sensitivity and
specificity obtained with US is disappointing,
US has an established role in biopsy guidance
and a potential future role in evaluating tumor
blood supply and possibly assessing tempera-
ture distribution during some therapeutic heat
applications.

Preliminary studies suggest that contrast-
enhanced US aids cancer detection. Using
biopsy sites showing prostate cancers as a gold
standard, gray-scale and Doppler US sensitivity
of cancer detection increased from 38% pre-
contrast to 65% postcontrast, but the specificity
was unchanged (31). Endorectal US and color
Doppler US achieved a 78% sensitivity in
detecting proven prostate carcinomas (32); use
of a contrast agent (Levovist) improved the sen-
sitivity significantly to 93%. Of interest is that
post-Levovist, most of the cancers appeared
avascular within a strongly enhancing periph-
eral gland.

Most malignant tumors are associated with
angiogenesis and increased blood velocity
through these vessels. Although color Doppler
US detects such increased velocity, small neo-
plasms are missed. Also, some infiltrating
cancers are isovascular and isoechoic. Some
studies suggest a positive correlation between
tumor blood supply and Gleason score. One
should keep in mind that some benign lesions
also have increased flow.

Magnetic Resonance Imaging: Of all imaging
modalities, MRI shows the greatest potential in
detecting prostatic carcinomas. It is performed
with either a body coil or, preferably, an
endorectal coil. Compared to histopathological
results in consecutive patients with prostate
cancer, endorectal coil MRI cancer detection
rate for tumors <5 mm was only 5% but
increased to 89% for tumors >10 mm (33). MRI

using endorectal and pelvic phased-array coils
detects more prostate cancers than digital rectal
examination or endorectal US; predicted tumor
volume obtained from MRI correlates with
resected tumor volume.

On T2-weighted images a prostatic carci-
noma typically is hypointense relative to the
higher intensity normal peripheral zone. Never-
theless, a hypointense peripheral zone is not
pathognomonic for a prostatic cancer; prostati-
tis, benign prostatic hyperplasia, or an infarct
can have a similar appearance. A wedge shape
and diffuse extension without mass in a
hypointense peripheral zone suggest benignity,
while a large size is associated with malignancy
(34). Cancers in the central and transitional
zones are difficult to identify with MRI; when
large, they tend to disrupt the normal gland
architecture. On gadolinium enhanced images
the normal prostate enhances more in the
central zone than peripheral zone; a carcinoma,
on the other hand, ranges from enhancing more
than the normal peripheral zone, to about the
same enhancement and occasionally even less
than peripheral zone and gadolinium-enhanced
images do not appear reliable in MR imaging of
prostatic carcinoma. Overlap also exists with
hyperplasia. Dynamic contrast enhanced
images may, however, provide better tumor
definition by outlining tumor margins more
clearly than with unenhanced images. Currently
gadolinium is not routinely employed in evalu-
ating prostatic carcinomas.

Dynamic contrast-enhanced images, on the
other hand, may provide better tumor definition
by outlining tumor margins more clearly than
with unenhanced images. Currently gadolinium
is not routinely employed in evaluating prosta-
tic carcinomas.

1H–MR spectroscopy reveals a correlation
between water T2-relaxation time and tissue
citrate concentration. Endorectal 1H–MR spec-
troscopy detects metabolic differences between
normal prostatic tissue, benign disease, and
cancer, and thus potentially can differentiate
benign from malignant disease. Significantly
higher choline levels and significantly lower
citrate levels are found in cancer tissue com-
pared with BPH and normal tissue. Men with
cancer have a significantly lower citrate-to-
choline ratio than those with BPH. A present
limitation in differentiating tumors is MR
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spatial resolution. MR spectroscopy appears to
be useful in a setting of negative biopsy and a
rising PSA level. Also, with extensive postbiopsy
distortion, such as hemorrhage, adding MR
spectroscopic imaging to MR imaging improves
prostate cancer detection rates; cancer is
identified at MR spectroscopic imaging by an
elevated metabolite ratio above normal.

Adding 3D proton MR spectroscopic imaging
to MRI improves prostate cancer detection and
localization compared to the use of MRI alone
(35).

Scintigraphy: Attempts have been made to
differentiate BPH and prostate cancer with 2-
[18F]-fluoro-deoxy-D-glucose positron emis-
sion tomography (FDG-PET), but results are
unreliable. Regions of high tumor uptake 
blend with radioactivity in urine and measures
should be taken to eliminate the latter. Likewise,
PET is not as sensitive as bone scintigraphy in
detecting bone metastases. On the other hand,
prostate cancers have an increased uptake of
choline, which is needed for phosphatidyl-
choline synthesis, a cell membrane phospho-
lipid. Positron emission tomography after IV
carbon-11-choline in men with prostate cancer
reveals marked tumor uptake and negligible
urine radioactivity. Occasionally a positive
choline scan detects a tumor in the face of a neg-
ative PET-FDG scan (36).

Radioimmunoscintigraphy using Tc-99m-
labeled monoclonal antibody (CYT-351) against
a membrane antigen in men with suspected
prostatic malignancy shows potential in
imaging both the primary site and metastatic
foci.

Biopsy: Six sextant core needle biopsies rep-
resent the current standard in detecting stage
T1c and T2 prostate cancer. Ultrasonography
guidance using an endorectal approach and 
an automated biopsy gun are some of the
refinements available. More extensive biopsies
are obtained from sonographically detected
hypoechoic regions. Combining the two tech-
niques yields a higher positive rate than with
either one alone. Using a sextant biopsy pattern,
cancer detection rates appear higher if the
prostate is small; a greater sampling error is
probably introduced with a large prostate, and
thus more samples are needed with a large
gland. The positive yield of systematic six-
sector biopsy decreases when the prostate gland
volume is enlarged. In men with a clinical sus-

picion of prostate cancer, a correlation exists
between serum PSA level and a likelihood of
obtaining a positive biopsy.

Aspiration cytology rather than core biopsy 
is also feasible, although aspiration cytology
detects somewhat fewer cancers than a needle
biopsy and appears to be an inadequate screen-
ing modality for occult carcinomas in a setting
of a normal digital rectal examination and
normal acid phosphatase level. An advantage of
a core needle biopsy is that with sufficient car-
cinoma tissue in the biopsy, grading is similar 
to that obtained from prostatectomy tissue,
because most prostatic cancers tend to be highly
malignant.

Prostatic cancer detection is improved if
instead of six biopsies, additional US-guided
transrectal prostatic biopsies are obtained. Thus
10 instead of six biopsies increases cancer detec-
tion several percentages, with a greatest
improvement found in those with a small
cancer. An increased number of biopsies should
be balanced, however, against an increased risk
for complications.

Although some studies suggest that US-
guided transrectal biopsy results are similar to
those obtained with finger-guided transperineal
biopsy (37), most authors consider the trans-
perineal approach to be less reliable and use it
when a transrectal approach is contraindicated.
Biopsy sensitivity is superior when using US
guidance versus digital rectal guidance, and, in
fact, often a primary use of endorectal US is 
in directing a biopsy needle into suspicious
regions.

Instead of endorectal US, endourethral US
guidance is an alternative for transperineal
prostate biopsies; this approach provides biopsy
guidance for those men who had a previous
rectal resection.

Endorectal MR is potentially useful both to
identify tumor sites and as a guide for prostatic
biopsy, replacing US.

Few major but frequent minor complications
are encountered after transrectal prostatic
biopsy. The most common complication is per-
sistent hematuria; infectious complications are
rare. Postbiopsy hemorrhage affects MR spec-
troscopy by hiding metabolic peaks and this test
should be performed prior to biopsy or at least
a month later.

What should be suggested in a setting of an
elevated PSA level or an abnormal digital rectal
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examination but negative transrectal US-guided
biopsies? Several studies suggest that among
this subset of men a repeat biopsy within 6
weeks to 6 months will be positive in 10% to
50%. The chance of a second biopsy being 
positive increases if the serum PSA level is 
>10 ng/mL or if premalignant changes are
detected on the initial biopsy. A negative sextant
biopsy thus does not exclude a tumor and is of
limited prognostic value. Also, prior hormone
therapy influences biopsy results; some men
who undergo hormone therapy have sparse
tumor cells.

Staging

Whether a cancer is confined to the prostate 
or extends beyond the prostatic capsule is 
of obvious importance because it influences
whether a prostatectomy or nonsurgical therapy
is considered. A cancer growing beyond the
prostate most often is in the posterolateral
portion of the gland. At times a sharp beak
extending from the prostate at this location 
is identified, representing tumor penetration
through the capsule. The capsule itself is not
identified. A bulging prostate capsule is sugges-
tive but not diagnostic of extension beyond the
capsule.

Table 13.2 outlines the tumor, node, metasta-
sis (TNM) clinical staging system. Although a
biopsy specimen Gleason score and digital
rectal examination are relatively reliable in 
predicting tumor stage, the initial serum PSA
level has evolved to be of greatest prognostic
significance. It not only correlates directly with
the probability of extracapsular tumor spread,
but also is a predictor of treatment failure.

Prostate-Specific Antigen Level: In some insti-
tutions prostate cancer staging consists of a
digital rectal examination, measurement of
serum tumor markers, and a radionuclide bone
scan, with CT or MRI performed only as needed.
Others do not obtain bone scans and skeletal
radiography in the routine staging of prostatic
carcinoma, believing that these studies are
useful primarily with clinical suspicion of bone
involvement or if the PSA level is elevated (bone
metastases are discussed later; see Distal
Spread).

Prostate volume can be calculated from US
data and density of serum PSA relative to total

Table 13.2. Tumor, node, metastasis (TNM) staging (clinical) of
prostate tumors

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1a Tumor incidental histology in 5% or less of 

tissue resected
T1b Tumor incidental histology in greater than 5% 

of tissue resected
T1c Tumor identified by needle biopsy
T2a Tumor involves one-half of one lobe or less
T2b Tumor involves more than one-half of one lobe 

but not both lobes
T2c Tumor involves both lobes
T3a Tumor extends through capsule
T3b Tumor invades seminal vesicles
T4 Tumor is fixed or invades adjacent structures

Lymph nodes:
Nx Regional nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis to regional lymph nodes

Distant metastasis:
Mx Distant metastases cannot be assessed
M0 No distant metastasis
M1a Nonregional lymph nodes involved
M1b Bone metastasis
M1c Other sites involved

Tumor stages:
Stage I T1a N0 M0 G1
Stage II T1a N0 M0 G2, 3–4

T1b N0 M0 any G
T1c N0 M0 any G
T2 N0 M0 any G

Stage III T3 N0 M0 any G
Stage IV T4 N0 M0 any G

any T N1 M0 any G
any T any N M1 any G

G: Gleason score
Gx Grade cannot be assessed
G1 Well-differentiated tumor (Gleason 2–4)
G2 Moderately differentiated (Gleason 5–6)
G3–4 Poorly differentiated/undifferentiated (Gleason 

7–10)

Source: From the AJCC Cancer Staging Manual, 6th edition (2002),
published by Springer-Verlag, New York, NY, used with permission of
the American Joint Committee on Cancer (AJCC), Chicago, IL.

prostate volume or transition zone volume then
obtained. The PSA density appears useful in
men with prostate cancer and PSA levels of 4 to
10 ng/mL. In suggesting extracapsular invasion,
PSA density values calculated using the transi-
tional zone volume appear superior to PSA den-



822

ADVANCED IMAGING OF THE ABDOMEN

in predicting extracapsular spread. Similarly,
significant differences are evident in serum PSA
levels between all T stages and metastases.

Study comparisons of tumor extension
should be viewed critically; some authors use
microscopic capsular penetration as detected by
histology as their gold standard, while others
rely on macroscopic criteria. Imaging detects
gross morphological changes, thus its accuracy
is limited in evaluating a disease notorious for
microscopic tumor spread.

Computed tomography has a relatively low
accuracy in staging local tumor extension;
capsule penetration is difficult to detect (Fig.
13.4). Even invasion of seminal vesicles or
lymph nodes correlates poorly with subsequent
postoperative staging. In general, with a newly
diagnosed, untreated prostate cancer and a
serum PSA level of <20 ng/mL, the likelihood of
an abnormal CT finding is extremely low. Most
published studies were done prior to the intro-

Figure 13.4. Three computed tomography (CT) images show an
infiltrating prostatic carcinoma. Images reveal sacral and piriform
muscle invasion (A, arrows), bladder invasion (B), and rectal inva-
sion (C, arrows). (Courtesy of Egle Jonaitiene, M.D., Kaunas Medical
University, Kaunas, Lithuania.)

A B

C

sities obtained from total prostate volume. The
results depend on the ability to obtain accurate
sonographic total prostate and transitional zone
volumes.

Local Extension: Differentiation of intrapro-
static tumor (pT2) from extraprostatic spread
(pT3) has both prognostic and therapeutic
implications, yet this differentiation is often
made mostly on indirect evidence. Thus a
Gleason score >7, perineural invasion, and most
biopsies being positive argue for extraprostatic
spread, while a low Gleason score or only one
out of six positive biopsies suggest an intra-
prostatic tumor. A rough estimate of cancer
spread can be based on the serum PSA level. In
one study of men with prostate-confined
tumors (pT2N0), mean total PSA was 7 ng/ml,
while in those with extracapsular spread
(pT3pN0/N+) it was 10 ng/ml (38)]; the
free/total PSA ratios were not significant. A PSA
level >20 ng/ml has a specificity of almost 100%
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duction of multislice CT, and the impact of this
modality on prostate cancer staging remains to
be established.

In men selected for radiation therapy, con-
trast-enhanced abdominal and pelvic CT
provide a low yield, and the need for this study,
aside for treatment-planning CT, is questioned
(39).

Although rather optimistic endorectal US
staging results have been published, overall this
modality has not lived up to expectations.
Prospective studies suggest that endorectal US
is no better than digital rectal examination in
detecting extracapsular spread. In general,
endorectal US does not detect about 25% of
tumors and is not reliable in establishing extra-
capsular spread. Occasionally extraprostatic
extension can be suggested if US can establish
tumor contact with the prostate capsule.

Published reports of MRI staging of prostatic
cancer should be interpreted with caution
because study quality varies considerably
among institutions, and interreader differences
in interpretation exist. Thus among consecutive
patients with MR studies read twice by two 
radiologists in random order, intraobserver and
interobserver agreement ranged from fair to
good (33). Published MR staging accuracies for
local extension vary considerably. Sensitivities
of capsular penetration range from 15% to 85%
and seminal vesicle invasion from 25%; pub-
lished specificities have a similar wide variabil-
ity. Conclusions range from MR being better
than US to endorectal coil MRI having
insufficient staging accuracy to influence treat-
ment planning. Some studies suggest that
cancer detection rates improve with contrast
enhancement, while others do not (40). In
general, use of an endorectal coil, a breath hold
technique and multiple imaging planes aid
staging. A multivariate analysis concluded that
adding endorectal MR imaging findings to
serum PSA levels and percent of cancer in core
biopsies improved prediction of extracapsular
invasion (41). Use of a 3T magnet improves
staging accuracy but further work is needed.

An MR finding of rectoprostatic angle oblit-
eration and neurovascular bundle asymmetry
are predictive of extracapsular extension.
Macroscopic capsular penetration is identified
as capsular discontinuity and invasion of adja-
cent adipose tissue. One should keep in mind,
however, that a prior biopsy can also result in

capsular irregularity without tumor invasion
(42). Tumor spread to seminal vesicles is seen on
T2-weighted MR images as a low signal inten-
sity region replacing part of a seminal vesicle.
Infiltration can be either unilateral or bilateral.
An early finding is thickening of seminal vesicle
tubules. Asymmetrical seminal vesicle enlarge-
ment should raise suspicion for tumor involve-
ment. With diffuse tumor spread to the seminal
vesicles the appearance mimics that of an
inflammatory condition.

Stage of seminal vesicle invasion is predic-
tive of postoperative disease progression. To
some degree the number and site of positive
prostatic sextant biopsies correlate with seminal
vesicle invasion; seminal vesicle infiltration cor-
relates with the presence of positive basal pro-
static biopsies. Seminal vesicles are amenable 
to direct biopsy using US guidance. Most of
these biopsies are performed lateral to the
prostate, in the medial third of the seminal
vesicle. A negative biopsy does not exclude
tumor spread to the seminal vesicle, with even-
tual histology identifying seminal vesicle inva-
sion in up to one third of men with negative
biopsies, and such biopsies contribute little to
staging.

Seminal vesicles invasion ranges from proxi-
mal part involvement to extension to the free
end, with the latter signifying a worse progno-
sis. Thus a biopsy identifying invasion to the
free end influences the prognosis after radical
prostatectomy.

Lymph Node Involvement: Lymph node
involvement with prostatic cancer is of prog-
nostic significance. Even microscopic spread 
is associated with a poor prognosis. Currently
the only reliable means of detecting early 
nodal involvement is either resection or 
biopsy, although a high Gleason score or a PSA
>20 ng/mL implies an increased risk of node
involvement.

The current therapy of most biopsy-proven
prostatic carcinomas is radical prostatectomy.
On the other hand, a radical prostatectomy by
itself is not warranted if nodal metastases are
present. Therefore, detection of lymph node
metastasis is crucial, and pelvic lymph node dis-
section is used to stage these cancers. In such a
setting the preoperative ability of imaging to
assess lymph node disease is important. Image-
guided fine-needle aspiration biopsy (actually,
cytology) of pelvic and para-aortic nodes
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appears worthwhile if suspicious nodes are
identified.

Preoperative imaging tends to underestimate
the degree of lymph node involvement. Routine
use of cross-sectional imaging (CT or MRI) to
determine whether pelvic lymph node metas-
tases are evident is controversial, yields a low
accuracy, and is probably not justified; in select
men at high risk for nodal metastasis, however,
such as with an elevated PSA level, it appears
cost-effective, keeping in mind that CT provides
only indirect evidence of nodal involvement,
namely, enlarged nodes. Generally 1 cm is used
as a border between normal and abnormal
nodes. Computed tomography sensitivity can be
improved if a smaller limit is selected, but at the
expense of worse specificity. Computed tomog-
raphy–guided node biopsy can then be consid-
ered, although localization problems arise with
smaller nodes.

Currently the primary MRI criterion useful 
in identifying lymph node metastasis is node
size. Ferumoxtran-enhanced MRI detection of
metastasis to normal-sized pelvic lymph nodes
needs further study.

At times a diagnosis is not straightforward
even with generalized lymphadenopathy; a lym-
phoma can be suspected if adenopathy is
detected prior to the prostate cancer. These men
generally undergo node biopsies, which reveal
an adenocarcinoma, leading to a workup for a
primary site.

Detection of pelvic lymph node metastases
with FDG-PET is limited because of super-
imposed bladder tracer activity.

Radioimmunoscintigraphy with indium-
111–capromab pendetide achieve sensitivities
and specificities for pelvic lymph node metas-
tases superior to most other imaging studies.

Also, capromab specificity can be improved
further by combining results with pelvic CT and
MRI (43).

The efficacy of lymphangiography in assess-
ing lymph node involvement is low, even when
combined with CT or biopsy, and currently 
lymphangiography is rarely performed for this
indication, having been supplanted by newer
imaging modalities.

Men with localized prostate cancer who
undergo endorectal US with systematic sextant
biopsies can be divided into three groups (Table
13.3); those meeting group III criteria should
undergo pelvic lymphadenectomy (44). A posi-
tive seminal vesicle biopsy is also a predictor of
pelvic lymph node metastases; perineural inva-
sion is an independent predictor.

Distal Spread: Using systematic six-sextant
prostatic biopsy as a guide, a significant rela-
tionship exists between the number of positive
biopsy cores and bone metastasis. With a newly
diagnosed prostate cancer and a PSA level of
<10 ng/mL, the probability of detecting bone
metastases with a bone scan is probably <1%,
and a bone scan thus appears unnecessary if no
clinical signs of bone involvement are evident.
Yet the PSA level is somewhat limited in dis-
criminating between those with and those
without bone metastases, and some authors
have questioned whether a staging radionuclide
bone scan can indeed be omitted in those with
a serum PSA level of <10 ng/mL.Yet among men
with a localized prostate cancer and a PSA level
of <20 ng/mL, 3% had bone metastases (45); the
authors concluded that bone scintigraphy is
necessary when staging these tumors. Others
disagree. One should keep in mind that bone
metastases occur in some men after therapy of
a primary tumor even with an initially negative

Table 13.3. Results of pelvic lymphadenectomy in 130 men with localized prostate cancer

Preoperative findings Lymphadenectomy results*

Group I Negative basal biopsies, and clinical stage T2 All had negative lymph nodes
(irrespective of PSA)

Group II Positive basal biopsy, and clinical stage T2, All but one were lymph node negative
and PSA <10 ng/mL

Group III Positive basal biopsy, and/or clinical stage T3, 17 of 18 with positive nodes were in this group
and/or PSA >10 ng/mL

* Radical prostatectomy and pelvic lymphadenectomy revealed that 18 of the 130 patients had positive pelvic lymph nodes.
PSA, prostate-specific antigen.
Source: Adapted from Dunzinger et al. (44).
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bone scan and a question arises whether
metastatic cancer cells were already present at
the time of initial therapy but were undetected
by a bone scan? Bone marrow aspirates from
men with no evidence of metastatic disease sug-
gests that some already have micrometastases.

Bone scintigraphy is the current procedure of
choice to detect bone metastases. Positive bone
scintigraphy should be correlated with appro-
priate bone radiographs to exclude degenerative
changes as a cause for a positive uptake; bone
radiography per se is insensitive in detecting
early bone metastases.

Magnetic resonance imaging using short T1
sequences is becoming a viable alterative to
bone scintigraphy. Currently, MR is employed in
evaluating inconclusive bone scans, although
the evidence suggests that it is more sensitive
than scintigraphy in detecting bone metastases.
Bone radiographs are less sensitive but are of
use as an aid in detecting false-positive scintig-
raphy due to degenerative disease. 2-[18F]-
fluoro-deoxy-D-glucose PET is less sensitive
than scintigraphy in detecting bone metastases.
Further imaging studies are generally pointless
once bone metastases are detected.

A solitary metastasis to the peripheral skele-
ton is relatively uncommon, but at times has an
atypical appearance.

Lung metastases are a late event, and thus
chest radiographs are not indicated during the
initial follow-up.

Prostatic cancer metastasis to the ureter,
either via lymphatics or hematogenously, can
manifest as renal colic. Ureteral obstruction sec-
ondary to metastatic prostate adenocarcinoma
is amenable to balloon dilation and subsequent
antegrade Wallstent insertion.

Penile metastasis from prostate cancer is rare.
Some of these appear to be related to prior 
urethral catheterization, and transurethral
prostatectomy.

Therapy

Current therapy consists of surgery in its
various modifications, radiotherapy, androgen-
deprivation therapy, or simply a wait-and-see
approach.

Surgery is the accepted therapy for newly
diagnosed prostate cancer in many centers,
especially in the United States.A not uncommon

scenario for low-grade and localized tumors is
staging lymphadenectomy, and if frozen section
reveals these to be not involved, proceeding to
radical prostatectomy.

Given the low inherent mortality associated
with a number of these cancers, however, con-
servative management, especially in frail and
elderly men, continues to be employed, and
androgen-deprivation therapy is more often
employed in these men, especially outside the
United States. The boundary between surgery
and conservative management is a controversial
topic but with time is gradually tilting more
toward surgery, given the more frequent detec-
tion of early cancers and resultant low surgical
morbidity and mortality.

The presence of tumor spread beyond the
prostatic capsule generally reflects a change
from surgery to radiotherapy, although no
precise changeover point is defined. Prostatec-
tomy and either lymph node resection or radio-
therapy for nodal metastasis result in a high rate
of recurrence. Androgen-deprivation therapy is
considered with lymph node involvement.

Radical prostatectomy is generally consid-
ered the gold standard in treating localized
prostate cancer. Yet a number of these prostate-
ctomies, performed for stage T1c disease, reveal
potentially insignificant tumors. Although the
term insignificant in this context is difficult to
define, a typical definition consists of a cancer
confined to the prostate, a tumor volume <0.5 cc,
and a Gleason score of <7 (46). Relatively clear
indications exist for radical prostatectomy, yet
considerable variations in surgical practice
exist, even in the same country. Thus a 2001
survey in France found that the probability of
being treated by radical prostatectomy was
three times higher in one department compared
to others and 2.6 times higher in private prac-
tices (47). Such variability introduces another
variable when analyzing survival data.

A laparoscopic radical prostatectomy is feasi-
ble, with reported outcomes similar to those of
a conventional retropubic approach.

Intraoperative endorectal US during radical
retropubic prostatectomy is helpful in identify-
ing the urethral division site but is not com-
monly employed.

Complications after a radical prostatectomy
include rectal injury, abscess, major hemor-
rhage, anastomotic urinary leakage, anasto-
motic stricture, and lymphocele formation.
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Cystography is commonly obtained a week or 
so after radical prostatectomy to assess the 
vesicourethral anastomosis. If extravasation is
detected, as long as a catheter is left in place
until healing, the extravasation does not
influence subsequent stricture formation.
Another approach is simply to keep the catheter
in place for 14 to 21 days, without cystographic
confirmation of anastomotic integrity. Com-
puted tomography after a radical prostatectomy
often reveals a complete or incomplete trans-
verse bar of soft tissue in the rectovesical space.
This is a normal postoperative finding.

After a radical prostatectomy the bladder
neck widens and assumes a funnel-shaped
appearance. This defect is readily identified 
with endorectal US and cystography. Ultra-
sonography also reveals a hypoechoic tumor
surrounding the vesicourethral anastomosis
and indenting the bladder anterior wall. Even-
tual fibrosis results in a hypointense signal on
T2-weighted MR images.

Radiotherapy: Radiotherapy has a role in
treating pelvis-confined prostate cancer. Exter-
nal radiotherapy combined with hormone
therapy in men with cT2 prostatic adeno-
carcinoma achieved a 100% overall 5-year sur-
vival. Even with incurable prostate cancer,
radiotherapy delays tumor regrowth and
achieves a several-year delay in tumor pro-
gression in most men. In men with clinically
localized prostate cancer, progression-free 
and overall survival rates are significantly
improved if androgen ablation is added to
radiotherapy.

Follow-up of patients after radiotherapy con-
sists of digital rectal examination and PSA level.
Serum PSA decreases but it does not drop to
undetectable levels as occurs after resection. A
rising PSA signifies tumor growth and should
prompt bone scintigraphy. If scintigraphy is
positive, no further workup is needed. Magnetic
resonance imaging has a role in a setting of a
negative or indeterminate bone scan and a
rising PSA level.

Hematochezia is common after prostate 
radiation therapy. One should not ascribe all
bleeding to such therapy; some men have 
concomitant bowel disease, including colon
cancer.

Brachytherapy is potentially curative for
either initial or recurrent localized prostatic
cancer. Computed tomography– or transrectal

US-guided implants consist either of palladium
103 or iodine 125, at times supplemented with
external beam radiotherapy. A urethrorectal
fistula developed in 1% of men undergoing
brachytherapy (48); interestingly, all fistulas
were in those who also had anterior rectal
biopsy adjacent to the prostate.

Coronal T2-weighted endorectal MRI in 35
consecutive patients after brachytherapy for
prostate cancer reveals a diffuse hypointense
signal and indistinct zonal anatomy (49); both
intra- and extraprostatic seeds can be identified.
Endorectal MRI evaluates both seed distribu-
tion and brachytherapy-related changes. Recur-
rent cancer has early contrast enhancement on
dynamic MRI; focal peripheral zone early
enhancement greater than in the central zone
suggests recurrence.

Cryoablation: Transperineal percutaneous
cryoablation using endorectal US-guidance 
has received considerable interest in treating
localized prostate cancer; preliminary studies
are encouraging. Posttherapy PSA levels are 
of prognostic significance; those with a PSA
level >0.5 ng/mL are likely to have residual
disease.

Salvage cryoablation is occasionally per-
formed in men with locally recurrent prostate
cancer after radiation, hormonal therapy, or 
systemic chemotherapy. This procedure is 
associated with significant morbidity, includ-
ing urinary incontinence, obstruction, and
impotence.

A cryoshock phenomenon consisting of
multiorgan failure, severe coagulopathy, and
disseminated intravascular coagulation has
been described after liver cryotherapy. A 
multiinstitution questionnaire identified two
instances of cryoshock after prostatic cryoabla-
tion (out of 5432 patients) (50). An uncommon
complication after cryoablation is necrosis of
the symphysis pubis.

Endorectal US 3D prostate images are used 
by some investigators for probe placement and
monitoring during cryoablation, realizing that
in this setting endorectal US achieves a low sen-
sitivity in detecting residual prostate carcinoma
and is not reliable for this indication.

Magnetic resonance imaging after cryoabla-
tion reveals liquefactive necrosis in the prostate
bed and a decrease in prostate volume with loss
of zone differentiation. Necrotic regions appear
as a signal void on postcontrast MRI. A thick
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capsule surrounds the gland postablation.
Magnetic resonance does not differentiate
cryosurgery-induced changes from recurrent
tumor, and a baseline posttherapy study is thus
very useful.

Magnetic resonance spectroscopy after
cryosurgery reveals that necrotic tissue does not
contain any observable choline or citrate and
MR spectroscopy thus is useful to gauge success
of therapy.

Prominent uptake of Tc-99m–methylene
diphosphonate (MDP) is evident within the
prostate bed after cryoablation, presumably due
to neovascular hyperemia.

Other Therapy: During percutaneous
radiofrequency (RF) ablation of prostate cancer,
RF energy is delivered through needle elec-
trodes inserted transperineally using endorectal
US guidance. Preliminary results appear prom-
ising. Extensive coagulation necrosis develops
in involved tissues.

Magnetic resonance imaging can monitor
percutaneous interstitial microwave thermoab-
lation (51); MRI-derived temperatures reflected
tissue temperatures.

Therapy with transrectal high-intensity
focused ultrasound is feasible, but the role of
such therapy is not clear. Among men with clin-
ical stage T1 or T2 prostatic cancer, not eligible
for a radical prostatectomy, treated by transrec-
tal high-intensity focused ultrasound, negative
follow-up biopsies were obtained in 61% (52); of
concern are the complications—rectourethral
fistulas, rectal burns, urinary retention, severe
incontinence, bladder neck scleroses, and
urinary tract infection.

A permanent metal stent can be inserted in
high surgical risk men with bladder outlet
obstruction.

Leuprolide, an agonist of luteinizing
hormone–releasing hormone, and flutamide, an
antiandrogen, are some of the agents used for
androgen-deprivation therapy of localized
prostate cancer. These agents result in gland
shrinkage and decrease of high-grade intra-
epithelial tumors, but invariably residual tumor
remains. After androgen-deprivation therapy,
MR shows tumor volume and signal intensity
decreasing, together with a reduction in tumor
permeability as measured by contrast enhance-
ment parameters (53); one effect is poorer
tumor visualization. One should keep in mind
that androgen-deprivation therapy tends to

suppress serum PSA levels, and these levels 
thus may not accurately reflect disease 
activity, although a rising level warrants further
study.

Outcome/Follow-Up

Clinical: Especially in elderly and high-risk
men, some small prostate cancers are treated
conservatively. Such an approach requires
caution because many of these men will even-
tually die of their prostatic cancers. Thus a ret-
rospective study of men with a known diagnosis
of prostate cancer who died in Göteborg,
Sweden, during a specific time period, and 
who underwent hormonal therapy, found that
among those who survived at least 10 years, the
mortality rate due to prostate cancer was 63%
and this mortality increased steadily over time
(54); even among those in stage M0 at initial
diagnosis, 50% died of prostate cancer.

The 5-year survival rate for those with patho-
logic stage III or higher tumors, treated by
radical prostatectomy and adjuvant hormone
and radiation therapy, is over 80%. Life
expectancy is unpredictable in some men even
with metastases. Thus some men with metasta-
tic prostate cancer survive for more than 5
years; size and primary tumor differentiation
are prognostic survival factors. Nevertheless,
even with prostatectomy specimen Gleason
score 8 to 10 tumors, a preoperative serum PSA
level £10 ng/mL and organ-confined disease are
significant predictors of achieving prolonged
disease-free survival (55).

Serum PSA levels and a digital rectal exami-
nation are used for follow-up to detect 
recurrence after therapy. After a radical prosta-
tectomy serum PSA levels should be unde-
tectable within several weeks unless residual
disease is present. Any subsequent detectable
level implies relapse. Yet follow-up of men after
a radical retropubic prostatectomy for clinically
localized (£T2) disease who then had an ele-
vated postoperative PSA level revealed that 94%
of these men had no evidence of metastatic
disease (based on a bone scan) 5 years from the
time of PSA elevation, and 91% had no such evi-
dence at 10 years (56).

Initially during radiotherapy serum PSA
increases (57), then decreases but does not drop
to undetectable levels as found after resection.
Follow-up of these patients consists of digital
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rectal examination and monitoring PSA levels.
A rising PSA should prompt bone scintigraphy.
If scintigraphy is positive, no further workup is
needed. Magnetic resonance imaging has a role
in a setting of an indeterminate bone scan. A
rising PSA level and negative bone scintigraphy
suggests local recurrence and transrectal US-
guided biopsy and CT or MR for adenopathy
appear appropriate.

In men with inoperable prostate cancer,
radionuclide bone scans, serum PSA, and 
serum prostatic acid phosphatase levels moni-
tor progression, although some investigators
believe that serum PSA level by itself is suffi-
cient to follow disease progression. Men with
untreated prostatic cancer or those refractory to
endocrine therapy have an exponential increase
both in PSA level and in prostatic acid phos-
phatase level; tumor marker doubling time is a
useful guide in estimating cancer growth rates
and in determining prognosis after relapse.

Urinary PSA levels are not useful for post-
therapy follow-up because PSA is also secreted
by periurethral glands.

Imaging: Postoperative recurrence is either
local or metastatic. Computed tomography 
sensitivity in detecting local recurrence is low,
with postoperative deformity making evalua-
tion difficult. Endorectal US is more sensitive
but less specific than digital rectal examination
for detecting local recurrence although both
provide only limited information (58). Adding
Doppler US improves both sensitivity and
specificity. With an elevated serum PSA level
and a negative bone scan, US-guided prostate
fossa biopsies should be considered, especially
of any hypoechoic foci detected by endorectal
US. Negative biopsies, however, are of limited
significance.

For detecting local recurrence, an endorectal
coil MRI study is superior to a body coil MRI
study. Endorectal surface coil MRI sensitivities
and specificities close to 100% have been enthu-
siastically reported in detecting local recurrence
and some authors believe that endorectal MRI
has a place in those who have had a prostatec-
tomy and local recurrence is suspected (59).
Nevertheless, one study found poor accuracy,
and solid tumor foci were detected only if they
were >1 cm in diameter, while diffuse tumor
infiltration was not detected (60). The authors
also found that contrast-enhancement provided
no additional information, and they concluded

that in this setting MRI cannot replace follow-up
biopsy. When seen, recurrence is identified as a
soft tissue tumor in the prostatic bed, which is
hypo- to isointense on T1- and hyperintense on
T2-weighted images. A fibrotic peripheral zone
is hypointense.

Monoclonal antibody radioimmunoscintig-
raphy with In-111–capromab pendetide shows
promise in detecting occult recurrence. This
antibody conjugate localizes to a glycoprotein
found primarily on prostate tissue cell mem-
branes. In men with an elevated serum PSA at
least 3 months after therapy, monoclonal anti-
body imaging was superior to PET scanning in
identifying recurrent cancer; most common
sites of recurrence are prostatic fossa and lymph
nodes.

Small Cell/Anaplastic Carcinoma

A nondifferentiated small cell prostatic carci-
noma is rare. These are aggressive tumors asso-
ciated with a poor prognosis. These tumors
often exhibit morphologic and functional 
neuroendocrine characteristics. Superficially,
some mimic a lymphoma. The CEA levels tend
to be normal.

Computed tomography often detects
metastatic disease in men presenting with an
anaplastic prostate carcinoma; bone metastases
are associated with a more modest PSA level
compared to a typical prostatic carcinoma.

Lymphoma/leukemia

Primary non-Hodgkin’s lymphoma of the
prostate is rare. Clinically, these lymphomas can
mimic acute prostatitis.

Secondary hematologic malignancies involv-
ing the prostate and adjacent lymph nodes
range from chronic lymphocytic leukemia to
lymphoma. Transrectal US–guided prostate
biopsies should be diagnostic.

An occasional outlet obstruction is the first
manifestation of a leukemic or lymphomatous
prostatic infiltrate.

Mesenchymal Neoplasms

Prostatic leiomyomas are rare. These tumors
can be quite large and imaging findings 
nonspecific. A diagnosis is established with a
biopsy.
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Of clinical importance are postoperative
spindle cell nodules and pseudosarcoma-
tous fibromyxoid tumors; pathologically, these
tumors may be misidentified as sarcomas.

Most prostatic sarcomas occur in children
under 10 years of age, thus allowing differen-
tiation from carcinoma. Most of these are 
rhabdomyosarcomas. In adults about 25% of
prostatic sarcomas are leiomyosarcomas. Previ-
ous pelvic radiation, such as for a seminoma,
is occasionally associated with a prostate
sarcoma. These tumors tend to be large at initial
presentation.

Ultrasonography identifies most prostatic
sarcomas as heterogeneous tumors having
decreased attenuation, probably due to focal
necrosis.

These sarcomas are hyperintense on T2-
weighted MRI, with the surrounding fibrosis
being hypointense.

Wolffian Duct Structures
Endorectal US appears to be a reasonable 
first study in evaluating the distal male repro-
ductive tract for potentially correctable causes
of infertility. Cysts and duct obstructions are
detected.

Seminal Vesicle Disorders

Seminal vesicle cysts can be either congenital or
acquired. They are located posterolateral to the
bladder in the general location of the seminal
vesicles. An occasional one is more midline in
location and inhomogeneous in appearance.
Most cysts are unilateral and more frequent on
the right side. A cyst can obstruct an adjacent
seminal vesicle.A rare cyst is huge. Most of these
cysts are discovered incidentally. An association
exists between seminal vesicle cysts and absence
or dysplasia of the ipsilateral kidney. An ectopic
ureteral insertion into the seminal vesicle is
found in some of these patients; the presence 
of a seminal vesicle cyst thus warrants further
imaging; both structures originate from a
common embryologic mesonephric duct.

Multiple, bilateral seminal vesicle cysts
develop in men with autosomal-dominant poly-
cystic kidney disease.

Computed tomography density tends to be
>40 Hounsfield units (HU) in seminal vesicle
cysts. Endorectal US readily identifies these

retrovesically located cysts. Magnetic resonance
imaging is also very useful in detecting seminal
vesicle cysts, which are hyperintense on both
T1- and T2-weighted images.

Transperineal puncture under endorectal US
guidance fills a cyst with contrast and estab-
lishes the diagnosis. Most seminal vesicle cysts
are resected; a minority undergo transurethral
marsupialization using endorectal US guidance.

In temperate climates the most common
cause of seminal vesicle calcifications is dia-
betes mellitus. Schistosomal calcifications are
encountered in the Near East. Less often
calcifications are secondary to tuberculosis.
Seminal vesicle calculi are associated with
painful ejaculation. Endorectal US detects duct
obstruction by stones or fibrosis. Calcifications
are hypointense on both T1- and T2-weighted
MRI.

Seminal vesicle hydatid cysts are rare. CT
reveals thin wall water-density cysts (61); some
also develop daughter cysts.An infected cyst can
evolve into an abscess. These abscesses can be
drained percutaneously.

An infected cyst can evolve into an abscess.
These abscesses can be drained percutaneously.

Most seminal vesicle neoplasms are reported
anecdotally. A rare cystadenoma mimics a cyst.

Rarely, amyloidosis infiltrates the seminal
vesicles.

Ejaculatory Duct Disorders

An ejaculatory duct cyst adjacent to the duct can
occlude the duct lumen. Some of these cysts 
are associated with infertility. These cysts are
identified and treated using endorectal US guid-
ance. Their aspirate contains spermatozoa, thus
distinguishing these cysts from müllerian duct
cysts.

Occasionally identified is urethroseminal
reflux into the ejaculatory ducts.

Endorectal US–guided opacification of the
seminal tracts with contrast is useful in men
with suspected ejaculatory duct obstruction
and dilated seminal vesicles. Most ejaculatory
duct obstructions are bilateral.

Hemospermia
Causes of hemospermia include prostatitis,
seminal vesicle or ejaculatory duct calcifi-
cations, cysts, and vascular anomalies. End-
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orectal gray-scale and Doppler US determine
the cause of hemospermia in most in men.
Detected are periurethral calcifications, prosta-
tic inflammation, seminal vesicle ectasia, and
various cysts. Magnetic resonance using an
endorectal coil is probably more sensitive.
Hyperintense seminal vesicles on T1-weighted
images suggest hemorrhage, and hypointense
ones both on T1- and T2-weighted images
consist of fibrosis due to chronic inflammation.

Penis
Urethra
Extravasation/Fistula

Unusual causes of anterior urethral fistulas are
involvement by Crohn’s disease and infection by
tuberculosis and schistosomiasis. An occasional
primary adenocarcinoma originates in a 
urethrorectal fistula.

Most catheters inserted through a urethral
perforation are readily apparent on a contrast
study. A urethroscrotal fistula leads to massive
scrotal enlargement. These are readily apparent
with imaging; bone scintigraphy reveals an
appearance similar to a scrotal bladder.

Obstruction

In adult men the most common cause of bladder
outlet obstruction is BPH. Less common are
prostate, bladder and related structure neo-
plasms, inflammation, urethral strictures, and a
neurogenic bladder. Urethral valves as a cause of
obstruction are of more importance in the pedi-
atric age group.

Stricture

Distal to the prostate, the most frequent
acquired abnormality of the male urethra is 
a benign urethral stricture. An uncorrected
stricture eventually leads to hydronephrosis,
chronic pyelonephritis, vesicoureteral reflux,
and renal failure. These complications often are
irreversible.

A rare cause of urethral obstruction is
primary amyloidosis of the penile urethra these
strictures are amenable to urethral dilation.

Urethral strictures are studied by a retro-
grade urethrogram. Ultrasonography (also

called sonourethrography) also appears to have
a role. Sonourethrography evaluates both length
and severity of a stricture. It visualizes not only
strictures but also associated corpus spongio-
sum fibrosis which ranges from iso- to hypere-
choic to the corpus spongiosum.

With recurrent posterior (bulbar) urethral
strictures, initial balloon angioplasty followed
by insertion of an expandable metallic stent
appears worthwhile; short-term results are 
satisfactory, but some men develop an exuber-
ant fibrotic reaction requiring either a urethro-
tomy or urethroplasty.

A bioabsorbable self-expandable reinforced
poly-l-lactic acid spiral stent shows promise.
Inserted immediately after urethrotomy in men
with recurrent urethral strictures, all but one
stent was epithelialized at 6 months and
degraded in all at 12 months (62).

Urethral Valves

Posterior urethral valves were discussed earlier
(see Congenital). Anterior urethral valves rarely
result in obstruction. Similar to posterior ure-
thral valves, they are usually detected with a
voiding cystourethrogram.

Calculi

Urethral calculi are either primary or secondary.
Primary calculi develop in a diverticulum, prox-
imal to a stricture, or in the presence of a foreign
body. Secondary calculi pass from the bladder.

Urethral calculi are best detected by conven-
tional radiography; they can be missed during a
contrast study if only contrast-filled images are
obtained.

Verumontanum Hyperplasia

Hyperplasia of verumontanum mucosal glands
is a rare cause of urethral obstruction. Occa-
sionally a prostatic biopsy suggests a low grade
adenocarcinoma, but in reality it represents
hyperplasia of verumontanum mucosal glands.

Functional Obstruction

The clinical role of endorectal US while voiding
is yet to be established. It has been used to study
suspected dysfunctional voiding when more
obvious causes are excluded; voiding US detects
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abnormal motion of the posterior urethra
during voiding.

Occasionally voiding cystourethrography
detects extreme posterior urethral ballooning
and a disproportionate caliber between the 
posterior and penile urethra; in some individ-
uals a kink is identified between the two seg-
ments, but in others no obvious obstruction is
identified.

Diverticulum

Urethral diverticula are rare in males. Congeni-
tal ones predominate in young boys, while in
adults most are secondary either to previous
trauma or an adjacent abscess rupturing into
the urethra. Urethral diverticula develop in men
with spinal cord injuries. Stones tend to form
within these diverticula, presumably due to
stasis. Diverticula close to the fossa navicularis
are associated with meatal stenosis.

Neoplasms, including a nephrogenic
adenoma, can develop in an urethral 
diverticulum.

Diverticula are detected by US, CT, and MRI.
More proximal ones mimic a müllerian duct
cyst or a dilated utricle and are midline in posi-
tion. These outpouchings are readily identified
with a voiding cystourethrogram, which reveals
a diverticulum filling and compressing the
urethra during voiding and then emptying at
the end of micturition. Differentiation from an
anterior urethral valve is difficult in some indi-
viduals; keep in mind that the pathogenesis of
some urethral diverticula and anterior urethral
valves appears similar.

Tumors
Urethral

Polyps in the male urethra are rare; most are not
neoplastic and tend to occur in the posterior
urethra. Some fibroepithelial polyps are pedun-
culated and at times reflux into the bladder at
rest. Schistosomiasis also results in urethral
polyps. Obstruction is the most common 
presentation.

Either a voiding cystourethrogram or retro-
grade urethrogram should detect a polyp. The
differential diagnosis for a polyp detected with
a urethrogram includes an ectopic ureterocele;
US should differentiate between these two con-

ditions because a polyp is hyperechoic while a
ureterocele is anechoic.

Condyloma acuminata is seen as multiple
intraluminal urethral tumors. They tend to have
a shaggy, irregular appearance.

A urethral hemangioma is a benign vascular
tumor. Hematuria is a typical presentation.
At times postejaculation hematuria or clot-
induced urinary retention develops. Treatment
is surgical, although depending on the size and
number of lesions, selective arterial emboliza-
tion may be worthwhile.

Primary urethral adenomas and carcinomas
are uncommon. They tend to evolve in a setting
of superimposed chronic disease. The histology
of these tumors varies; posterior urethral
cancers tend to be transitional cell carcinomas,
anterior urethral ones often are squamous cell
carcinomas, and Cowper’s or Littre’s gland
tumors are adenocarcinomas. A rare transi-
tional cell carcinomas develops in the fossa 
navicularis; some of these are associated with
synchronous or metachronous more proximal
transitional cell carcinomas. An occasional 
adenocarcinoma in situ is detected in a villous
adenoma. Chronic strictures predispose to
cancer, generally a squamous cell carcinoma;
these cancers tend to be irregular in outline. The
rare urethral epidermoid carcinoma is also
associated with a prior urethral stricture and
related complications.

Smaller transitional cell carcinomas often
present as intraluminal urethral nodules; with
growth they infiltrate the adjacent structures. A
rare transitional cell carcinoma is occasionally
detected in the fossa navicularis. Squamous cell
carcinomas infiltrate and often ulcerate. At
times a blood clot mimics a malignancy,
although blood clots tend to be more irregular
and elongated in appearance. Sinus tracts devel-
oping in some cancers mask the underlying
tumor, which is often detected by finding
marked progression between examinations.

Primary malignant melanoma is more
common in the distal urethra and tends to be
polypoid in appearance. The histopathology is
similar to that of melanomas at other sites.
Occasionally confusing the pathologic diagno-
sis is an amelanotic appearance. An occasional
one mimics a urethral carcinoma.

Non-Hodgkin’s lymphoma involving the
urethra is rare. Urethral obstruction is a typical
presentation.
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Prior hypospadias repair and urethral re-
construction using bladder mucosa, appears to
predispose to urethral nephrogenic adenoma
formation either at the anastomosis or the graft.
Their gross appearance mimicks a carcinoma.

Nonurethral

A corpus cavernosum hemangioma is rare.
Some of these have an atypical appearance, are
inhomogeneous and even MRI does not distin-
guish between benign and malignant disease.

A squamous cell carcinoma is the most
common penile tumor. Phimosis or human
papilloma virus infection are often present.
Nodal metastases are common at initial presen-
tation. Tumor stage, lymph node metastasis, and
tumor differentiation are independent prognos-
tic factors for survival. Computed tomography
often detects inguinal adenopathy at initial
presentation, but it should be kept in mind 
that inflammatory causes for adenopathy are
common. Magnetic resonance T2-weighted
images are more useful than T1 images in eval-
uating penile cancers.

Metastases to the penis are uncommon.
Among other tumors, prostatic carcinoma has
metastasized to the penis. Magnetic resonance
imaging is helpful in establishing the extent of
invasion.

Cowper’s Glands
Paired Cowper’s glands and ducts are located
along the ventral surface of the bulbous urethra.
Not uncommonly these ducts fill during an 
urethrogram or, rarely, on IV urography after
voiding. Normal ducts are readily differentiated
from fistulas and contrast extravasation.

Duct obstruction results in a retention cyst,
which, if large enough, produces a soft tissue
impression along the ventral surface during
voiding cystourethrography. An occasional one
enlarges sufficiently to obstruct the urethra.
These glands are also occasionally involved by
neoplasms, infection, or stones.

Priapism
Priapism is a sustained erection caused by an
abnormal process. It can be partial. In adults,
most are idiopathic, with an occasional one a

direct result of trauma or a posttraumatic arte-
riovenous fistula. Rarely, priapism is associated
with drug therapy, thromboemboli, sickle cell
disease, malignant infiltration of surrounding
structures, an adjacent abscess, or a neurologic
condition. In pediatrics, aside from trauma,
priapism is most often secondary to sickle cell
disease or a hematologic malignancy.

Priapism is classifications into low-flow
(venous) and high-flow (arterial) states. The
low-flow or ischemic type occurs with per-
ineal trauma–induced venous thrombosis,
hematoma, or edema of adjacent tissue. The
resultant vascular stasis within the corpora
leads to a delay in penile venous drainage. High-
flow priapism is due to persistent blood inflow,
such as with a cavernosal artery laceration
(arteriocavernosal fistula).

Doppler US aids in distinguishing the two
types of priapism. Arteriosinusoidal fistulas
result in pulsatile, high-flow corpora cavernosa
signals. Perineal duplex Doppler US achieves
almost 100% sensitivity in detecting high-flow
arterial priapism, but false positives do occur
and limit the specificity.

In low-flow priapism, pudendal arteriogra-
phy opacifies the dorsal and bulbar arteries, but
not cavernosal arteries because of decreased
inflow and stasis.

In selected individuals both CT and US are
useful in excluding an underlying neoplasm or
abscess as the etiology for the priapism.

High-flow priapism, generally related to
trauma, can be treated with selective bulbocav-
ernosal artery embolization.

Peyronie’s Disease
Peyronie’s disease consists of excessive fibrosis
and plaques in the sheath covering the corpora
cavernosa. It is probably caused by a vasculitis
or inflammation. Calcified plaques develop
eventually, and if sufficiently extensive, they are
visible with conventional radiography. Soft
tissue radiography using a mammography tech-
nique detects calcifications but does not detect
plaques without calcification. Calcifications are
also detected with US and CT.

Palpation and US are the examinations of
choice in detecting plaques. Plaques vary in size
from less than 1 cm to several cm in length and
from 2 to 4 mm in thickness. Ultrasonography
reveals more extensive plaques than does clini-
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cal evaluation. Ultrasonography detects tunica
albuginea thickening. Some investigators con-
sider inflammation to be present if hypoechoic
foci are identified around a central hyperechoic
region.

Doppler US after intracavernosal papaverine
injection in these patients reveals decreased
peak systolic flow velocity and increased end
diastolic flow velocity. Contrast enhanced color
and power Doppler US identifies vascularity
around plaques in about one-third of patients
with established Peyronie’s disease. Doppler US
shows that penile cavernosal-spongiosal com-
munications near plaques remain patent with
low resistance flow, providing a pathway for
blood leakage (63); these findings are difficult to
place in proper perspective.

Whether MRI detects more plaques than does
US is debatable. Some plaques show postcon-
trast enhancement, suggesting active inflamma-
tion, and MR appears superior in monitoring
the progression of the inflammation.

Peyronie’s disease has been treated with local
injection of interferon-alfa-2b into plaques.
Noncalcified plaques respond best. Extracorpo-
real shock-wave lithotripsy (ESWL) has been
used to treat symptomatic plaques believed to
be of recent origin. The preliminary results
appear encouraging (64).

Impotence
Vascular causes of impotence are most
common, followed by diabetes mellitus and
others. Vasculogenic impotence is usually
divided into insufficient arterial inflow 
(arteriogenic) and excessive venous leakage
(venogenic).

Arteriogenic

Internal iliac arteriography has been considered
the gold standard in detecting arteriogenic
impotence, and although numerous studies over
the years have established its usefulness, it is
little used today. An erection developing after
intracavernosal injection of papaverine is pre-
sumed to be evidence that the arterial and
venous pathways are intact. Following papaver-
ine injection, diabetic individuals have a
significantly lower cavernosal artery peak blood
flow velocity than do nondiabetics.

Color Doppler US evaluates arteriogenic
impotence by measuring peak systolic velocity
and systolic rise time of deep arteries supplying
the corpora cavernosa. Following papaverine
injection, a systolic rise time of 110 msec or
greater appears to be a good discriminant for
arterial disease. A peak systolic velocity in the
cavernosal arteries of greater than 25 to 30 cm/
sec is a normal response to papaverine or
prostaglandin B1 injection. These values should
be accepted with caution because they are lower
if penile arterial communications exist. Marked
differences in velocity between the two caver-
nosal arteries suggest unilateral disease. Rever-
sal of systolic flow implies proximal penile
artery obstruction.

Extensive vascular connections exist between
the penile dorsal artery and cavernous arteries,
but the dorsal artery function in impotence is
not clear. Normally dorsal artery color Doppler
US reveals an increase both in systolic and dias-
tolic velocities after intracavernous papaverine
injection. Flow is decreased or even absent in
the dorsal artery in men with arteriogenic
impotence.

Venogenic

The gold standard in diagnosing venogenic
impotence is pharmacologically aided caver-
nosometry and cavernosography. Role of color
Doppler US after cavernosal papaverine injec-
tion in diagnosing venous dysfunction is not
clear; published sensitivities have ranged from
50% to 100% in detecting venous dysfunction.

The cavernous artery resistance index (RI) is
obtained from Doppler US data by:

RI = (peak systolic velocity - end diastolic
velocity)/peak systolic velocity

After intracavernous injection of prosta-
glandin, Doppler US in men with suspected
venogenic impotence found RI values in those
with corporal leakages to be significantly lower
than in those with previously normal caver-
nosometry and cavernosography, although
some overlap exists (65); men with an RI >0.9
were not venogenic impotent and those with an
RI <0.75 had corporal leakages, while in those
with an RI between 0.75 and 0.9, cavernosome-
try and cavernosography were necessary for
diagnosis.
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Thrombophlebitis
Anecdotal reports of thrombophlebitis of the
penile superficial dorsal vein have been
reported. Etiologies include trauma associated
with sexual intercourse, penile strangulation,
penile injection, infection, neoplasms, and prior
surgery.

Scrotum and Spermatic Cord
Acute Scrotum
Acute onset of scrotal swelling and pain should
be approached as an emergency. The most
common etiologies are testicular torsion, testic-
ular appendage torsion, acute epididymitis,
acute epididymo-orchitis, and trauma. Less
common are vasculitis, hematoma, and a stran-
gulated hernia. Both a perforated appendicitis
and laparoscopic appendectomy can result in an
abscess, even in the scrotum. Some of these con-
ditions mimic testicular torsion on scrotal US.
Testicular torsion is most common in infants
under 1 year, while in older individuals testicu-
lar appendage torsion predominates. Epididy-
moorchitis increases in frequency with age. A
differential diagnosis based on age should be
used with caution, however, because consider-
able overlap exists.

Especially in pediatric patients, Doppler US is
often the study of choice to differentiate condi-
tions associated with decreased blood flow, such
as torsion, from inflammatory disorders where
blood flow is often increased. Scrotal scintigra-
phy is also sensitive in differentiating ischemic
conditions from inflammation, realizing that a
choice of imaging modality is often based on
relative availability and local expertise.

Dynamic contrast-enhanced subtraction MRI
evaluates testicular perfusion and relies more
on functional rather than anatomic criteria.
Dynamic MRI has better spatial resolution than
scintigraphy. It aids in differentiating testicular
from extratesticular disorders. One limitation is
the need for sedation for younger boys.

Testicular Torsion
Testicular torsion (or spermatic cord torsion)
occurs at all ages of childhood, but with two

peaks: one in newborns where presumably it
represents continued evolution of an intrauter-
ine condition, and another during puberty and
adolescence. It is uncommon after the age of 35
years.

Newborn

Spermatic cord torsion occurs both prenatally
and postnatally. In the newborn, torsion 
manifests as a testicular tumor. Occasionally a
neonate is found with bilateral testicular
torsion.

Gray-scale US shows an enlarged testis. A
hydrocele is present in some. Color Doppler US
is useful in detecting testicular torsion, although
the small testicular size in newborns makes
evaluation difficult; intratesticular blood flow is
lacking on the affected side and normal on the
contralateral side.

Delayed therapy or tight torsion consisting of
several turns is associated with a poor progno-
sis. Yet a case can be made for conserving even
a necrotic testes found at surgery; some par-
tially necrotic testes retain normal long-term
function.

Children and Adults

Clinical

Testicular torsion occurs primarily in post-
puberty boys and young men. Torsion of the 
testicular appendage should be suspected in
younger boys. Simultaneous bilateral testicular
torsion has been reported. The incidence of
torsion increases after orchiopexy for an unde-
scended testis.

Torsion is treated as an emergency. Torsion
obstructs venous blood flow and leads to con-
gestion, swelling, hemorrhage, and eventual
ischemia. The time frame for ischemia to
develop varies depending on the degree of
torsion and the resultant vascular obstruction.
A delay of 6 to 12 hours increases testicular loss
rate considerably. Without therapy, torsion
eventually progresses to testicular atrophy.

Nausea and vomiting are common in boys
with testicular torsion, findings uncommon in
those with testicular appendage torsion or those
with epididymoorchitis. Some surgeons con-
sider that older boys with acute scrotal pain less
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than 12 hours in duration, especially if associ-
ated with nausea or vomiting, have testicular
torsion, imaging is not necessary and explo-
ration is performed. Although currently diag-
nostic imaging prior to surgical correction is
often performed, an occasional publication still
maintains (66):

. . . physical examination is sufficient to manage
patients with torsion of the spermatic cord.

In view of more recent sonographic
refinements, some institutions have modified
their previous policy of surgical intervention for
all those with an acute scrotum; one approach
is to operate when a surgeon has a high degree
of suspicion for torsion and perform emergency
Doppler US in the rest; those having a normal
or increased testicular blood flow are presumed
not to have testicular torsion and are treated
medically. Such an approach assumes ready
availability, on an emergency basis, of experi-
enced sonographic personnel and equipment.

Intermittent testicular torsion results in
recurrent testicular pain that remits either spon-
taneously or after self-manipulation. Imaging is
often noncontributory in this condition. In one
such 12-year-old, color Doppler detected bilat-
eral flow but pulsed Doppler revealed asymmet-
ric high-impedance flow with an increased
resistive index on the involved side (67).

Imaging

With testicular torsion, gray-scale US shows 
testicular enlargement, varying testicular
echogenicity, and often a hydrocele. At times US
also detects any related complications requiring
surgical intervention. When performed for tes-
ticular torsion, a US finding of an inhomoge-
neous or hypoechoic testis suggests a nonviable
testis, and a normal homogeneous, isoechoic
appearance suggests a viable testis. Never-
theless, these findings are often not clearly
identified; overlap exists, and gray-scale US
alone often cannot be relied on during the
immediate decision-making time frame.

The primary role of color Doppler US is to
differentiate acute testicular torsion from other
acute conditions such as acute epididymitis,
sequelae of trauma, or a neoplasm. Ideally,
normal blood flow and a cord compression test
should exclude torsion in most individuals.

Torsion results in no perfusion and thus no
Doppler signal on the affected side (Fig. 13.5). A
potential pitfall in a Doppler US diagnosis of
testicular torsion includes the occasional spon-
taneous testicular detorsion; Doppler US reveals
normal or even increased testicular blood flow
with detorsion. In some studies, Doppler US
reaches a sensitivity and specificity of >90% in
detecting testicular torsion, although in one
study Doppler US identified no blood flow in the
symptomatic testis in 61% of individuals with
proven testicular torsion, but in the other 39%
Doppler US was unreliable (intratesticular per-
fusion was present or no signal was obtained in
either testis) (68); in all individuals with tes-
ticular torsion, however, high-resolution US
detected a spiral twist of the spermatic cord at
the external inguinal canal. A twisted spermatic
cord in the scrotum is identified as a round or
oval extratesticular mass connecting superiorly
with a normal inguinal cord.

Nevertheless, imaging and diagnostic prob-
lems remain. One should keep in mind that
Doppler US also detects the lack of perfusion in
some normal prepubertal testes. At times
Doppler US identifies blood flow in a setting of
partial necrosis. Operator experience, use of
appropriate Doppler US equipment, and knowl-
edge of study limitations play a role.

An MRI of testicular torsion shows a twisting
spermatic cord, described as a whirlpool

Figure 13.5. Testicular torsion. Transverse Doppler image of
both testes shows completely absent flow to left testis. (Cour-
tesy of Deborah Rubens MD, University of Rochester.)
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appearance. The twist has a hypointense signal.
Currently, however, MRI is limited in evaluating
torsion, often due to logistic problems.

Considerable literature exists for radionu-
clide scrotal imaging with Tc-99m-
pertechnetate for suspected testicular torsion,
although this examination has been supplanted
by Doppler US in some institutions. Among
individuals presenting with acute scrotal pain,
published scintigraphy specificities and sensi-
tivities approach 100% in detecting testicular
torsion. A photopenic region in the hemiscro-
tum is compatible with testicular torsion,
although cysts such as hydroceles and sperma-
toceles are also photopenic, and care is neces-
sary to distinguish these entities. An inguinal
testis needs to be excluded. Also, early torsion
may not show asymmetry.

Color Doppler US and scintigraphy achieved
similar statistical significance in detecting 
testicular torsion in boys with acute scrotal
symptoms and clinically equivocal clinical pre-
sentations, except that scintigraphic specificity
was greater (69); scintigraphy appears to
prevent unnecessary surgery in some of those
with equivocal findings on Doppler US. Which
modality to employ often evolves into relative
imaging availability for this acute condition.

Testicular Appendage Torsion
A distinction of testicular torsion and torsion of
the testicular appendages is of clinical impor-
tance because the latter does not require emer-
gency surgery.

Ultrasonography of appendix testis torsion
shows an enlarged, homogeneous appendix
testis medial or posterior to the head of the 
epididymis; some US scans reveal varying
echogenicity. A hydrocele may be identified.
Scrotal wall thickening and an enlarged epi-
didymis head can develop. Color Doppler US
reveals normal or increased flow, a finding that
usually excludes testicular torsion.

A scintigraphy finding of a normal radio-
nuclide angiogram and a localized focus of
increased tracer activity suggest testicular
appendage torsion, but keep in mind that
increased tracer uptake is not present during
the first several hours after onset of symptoms
and radionuclide scrotal imaging may be falsely
negative for testicular appendage torsion during
this time.

Infection/Inflammation
Epididymitis

Acute

Acute epididymitis is the most common cause
of acute scrotal pain and swelling in teenagers
and young men. It is usually due to retrograde
spread of infection from either the bladder or
prostate, and it tends to be unilateral. Most acute
scrotal infections originate in the epididymis
rather than the testis and result in isolated 
epididymal involvement (epididymitis). Less
common is both epididymal and testicular
involvement (epididymo-orchitis). Especially 
in infants and children, associated congenital
anomalies are common and they should
undergo full urologic evaluation.

Amiodarone, an antiarrhythmic agent,
induces a sterile epididymitis; it is treated by
lowering the drug dosage. Hemorrhagic epi-
didymitis occurs in Henoch-Schönlein purpura.
Acute unilateral epididymitis with an abscess
developed in a patient after bacillus Calmette-
Guérin therapy for superficial bladder cancer
(70).

Acute testicular segmental infarction is a
complication of epididymitis (Fig. 13.6). In
addition to findings of epididymitis, gray-scale
US reveals a testicular infarct as a discrete
hypoechoic testicular tumor that has little or no
flow detected with color Doppler US. An occa-

Figure 13.6. Magnetic resonance imaging of segmental testic-
ular infarction (arrow).[Courtesy of Gabriel Fernández,M.D.,Vigo
(Pontevedra), Spain.]
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sional epididymitis evolves into an epididymal
abscess.

Spermatic cord vascularity is increased in
acute epididymitis, while testicular blood flow 
is normal or increased. This increased cord 
vascularity helps differentiate acute epididymi-
tis from torsion, which has a similar clinical
presentation but decreased spermatic cord 
vascularity.

High-resolution gray-scale US most often
reveals an enlarged hypoechoic epididymis. A
hydrocele is apparent in some. The testis is 
also abnormal with an associated orchitis 
(epididymo-orchitis). With epididymal hemor-
rhage the epididymis assumes a heterogeneous
appearance. Still, some individuals with acute
epididymitis have a normal gray-scale US exam-
ination and only Doppler US is abnormal.
Doppler US detects epididymal hyperperfusion
in epididymitis and establishes testicular peak
systolic blood velocities in the right and left side
(Fig. 13.7). Peak systolic velocity is increased in
acute orchitis and epididymitis.

T2-weighted MR signal intensity ranges from
hyper- to hypointense with acute epididymitis.
Use of IV contrast enhancement aids in accen-
tuating changes bilaterally.

Testicular scintigraphy with Tc-99m-pertech-
netate discloses varying blood flow patterns.
Inflammation results in hyperemia, and any
asymmetry should be viewed as abnormal.

In general, an enlarged epididymis and a 
testicular tumor point to infection rather than
neoplasia; most often orchitis extends from 
epididymitis, while testicular neoplasms involve
the epididymis mostly during their later stages.
Likewise, scrotal skin thickening and a hydro-
cele suggest infection.

Chronic

Occasionally acute epididymitis evolves into
chronic inflammation and a painless tumor
indistinguishable from other scrotal tumors. At
times chronic epididymitis leads to fibrosis 
and an enlarged epididymis having a hetero-
geneous echo appearance. Other complications
of epididymitis include abscess, pyocele, and
infarct.

Epididymal tuberculosis has developed into a
hard, nontender tumor, at times containing
calcifications. Testicular involvement is com-
mon. Chlamydial epididymitis has also pre-
sented as a solid scrotal tumor. Occasionally
encountered is an epididymal Candida abscess.
Leukemic infiltration can mimic epididymo-
orchitis.

Involvement by Behçet’s disease led to recur-
rent epididymo-orchitis (71).

Orchitis

Most episodes of orchitis result from extensions
of acute epididymitis. In isolated orchitis a viral
infection, such as mumps, should be suspected.
Neglected testicular torsion or an infected neo-
plasm are less common causes of orchitis and
possible abscess.

An early US finding of orchitis is increased
vascularity in the inflamed testis. With pro-
gression, the testis enlarges, becomes hypo-
echoic, and is covered by a thickened, echogenic
tunica albuginea. Ultrasonography of focal
orchitis shows a mixed or hypoechoic tumor
mimicking a neoplasm. A focal region of
hypervascularity detected by Doppler US may
represent either inflammation or a neoplasm;
follow-up US of an inflammation should show
return to normal.

Figure 13.7. Epididymitis. Transverse Doppler image of right
testis and epididymis shows enlarged hypervascular epididymis
(arrows) compared to testis (T). (Courtesy of Deborah Rubens
MD, University of Rochester.)
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Magnetic resonance imaging shows either a
focal region or a diffuse heterogeneous decrease
in signal intensity on T2-weighted images.

Technetium-99m-pertechnetate scintigraphy
of an inguinal hernia can mimic the appearance
of orchitis.

Severe infection evolves into suppuration,
abscess, or testicular infarction. In general, the
imaging findings of a testicular abscess are
similar to those of a neoplasm. Often clinical
findings and response to therapy distinguish
these conditions.

Granulomatous Epididymo-Orchitis

Grouped under granulomatous epididymo-
orchitis are tuberculosis, brucellosis, syphilis,
some fungi, and a rare idiopathic inflammation.
From a clinical viewpoint little purpose is
served in attempting to differentiate epididymal
involvement from orchitis or the more common
epididymo-orchitis.

Tuberculosis

Scrotal tuberculosis develops from either
hematogenous spread or extension from
prostate and seminal vesicle infection. Initial
involvement is generally an epididymitis,
extending to an epididymo-orchitis and occa-
sionally orchitis, most often unilateral. A
common clinical presentation consists of a
painless chronic epididymal nodule, and the
presence of such a nodule, especially in a setting
of infertility, should suggest tuberculous epi-
didymitis. A neoplasm is often in the differen-
tial diagnosis of a tuberculoma. An occasional
tuberculoma arises as an asymptomatic
inguinal spermatic cord nodule. A tubercular
pyocele tends to be more heterogeneous than 
a typical abscess. Some contain internal 
septations.

Epididymal involvement ranges from nodular
to diffuse. A heterogeneous, hypoechoic pattern
is most common, followed by a mixed pattern,
with a hyperechoic pattern being the least
common. Most other infections result in a
homogeneous US appearance, and thus an
enlarged heterogeneous epididymis should
suggest tuberculosis. Testicular involvement
ranges from an enlarged hypoechoic testis, to a
hypoechoic focus, to multiple small hypoechoic
nodules in an enlarged testis. A hydrocele is

common. Sinus tracts and calcifications occa-
sionally develop.

Brucellosis

Brucellosis is implicated in 10% to 15% of men
with epididymo-orchitis in brucellosis endemic
regions of Turkey and Spain. Most involvement
is unilateral and ranges from heterogeneous
epididymis, to diffuse orchitis, to focal hypo-
echoic testicular tumors. Doppler US detects
increased vascularity. Scrotal wall and tunica
albuginea thickening, and a hydrocele are asso-
ciate findings.

Idiopathic Granulomatous

Idiopathic granulomatous orchitis is a rare
inflammatory condition, possibly due to sperm
extravasation and resultant reaction. It is rarely
bilateral. Imaging findings tend to mimic a tes-
ticular cancer. Ultrasonography reveals a solid
testicular mass. Calcifications develop within
some of these tumors. The diagnosis is usually
made after orchiectomy.

Filariasis

Infection with Wuchereria bancrofti (filariasis)
is common in some parts of the tropics.
Microfilariae from the blood are ingested by
mosquitoes, and with further development they
eventually evolve into larvae, which are then
injected into humans. The nematode resides in
human lymphatics, where it incites a lymphan-
gitis and eventual lymphatic obstruction. Occa-
sionally dead nematodes calcify, and imaging
reveals small thin, linear strands.

Not all lymphedema is on an infective basis.
Occasionally seen is congenital lymphedema. It
also develops after surgical dissection and due
to lymphatic obstruction by tumors.

Lymphatic obstruction leads to dilated, thin-
walled, fluid-filled structures. At times a 
superimposed bacterial infection develops.
Lymphatic rupture leads to lymphoceles, while
lymphatic sinuses drain into surrounding tis-
sues, some even forming external sinuses. Even-
tually extravasated lymph, resultant fibrosis,
and other reactive changes lead to a hard,
thickened infiltrate mimicking a neoplasm.

Filarial epididymo-orchitis and spermatic
cord lymphadenitis are often bilateral. Initially
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the involved spermatic cord enlarges and has 
a homogeneous, hypoechoic US appearance.
Ultrasonography detects dilated lymphatics
even in those patients who are still asympto-
matic. Associated hydroceles initially are ane-
choic, but with fibrosis and debris result in a
more heterogeneous appearance and tend to
mimic a pyocele. At this stage calcified granulo-
mas and surrounding capsular calcifications are
common.

Other Infections

Amebiasis involving the scrotum is rare. A
hydatid cyst can develop in an undescended
testes.

Similar to epididymitis, fungal orchitis is 
typically encountered in debilitated or diabetic
patients. Even scrotal aspergillosis has 
developed.

Mumps orchitis is not common but should be
suspected with a preceding parotitis. These
individuals have marked scrotal swelling, fever,
and significantly elevated serum C-reactive
protein levels.

Some instances of mumps orchitis progress
to testicular atrophy.

Fournier’s Gangrene

A necrotizing fasciitis, known as genitoperineal
gangrene, perineoscrotal gangrene, necrotizing
fasciitis, or Fournier’s gangrene, is a fulminant
infective obliterative endarteritis involving the
perineum and external genitalia and resulting
in progressive necrosis and systemic sepsis.
Named after the French dermatologist who first
described it in 1883, some authors limit the use
of the term Fournier’s gangrene only to a
primary infection and not to the more common
secondary infections of the genitalia or per-
ineum. Men are primarily affected.A urethral or
anorectal source is found in about half; in the
other half no cause is identified. Debilitated and
diabetic individuals are more often affected,
with Fournier’s gangrene occasionally being 
the initial clinical manifestation of unsuspected
diabetes.

Conventional radiography and CT identify
subcutaneous emphysema in about half of these
individuals. Asymmetric fascial thickening and
fat stranding are common imaging findings,

occasionally seen even before subcutaneous
emphysema is apparent, and these findings
should suggest Fournier’s gangrene. The differ-
ential diagnosis includes a scrotal abscess and
extension of gas from a more superiorly located
source, such as diverticulitis.At times Fournier’s
gangrene coexists with an abscess.

These patients represent urologic emer-
gencies. Debridement, antibiotics, and hyper-
baric oxygen are the current therapies
employed. Mortality remains high despite
broad-spectrum antibiotics and aggressive sur-
gical debridement.

Granuloma

Some solid, painful epididymal or vas deferens
tumors represent granulomas. A number of
these have developed after vasectomy and prob-
ably are a tissue reaction to sperm extravasation
into surrounding tissues; an occasional one is
caused by a foreign-body reaction. Ultrasonog-
raphy reveals these granulomas to be solid and
either iso- or hypoechoic. An occasional one
eventually calcifies. Some enhance on postcon-
trast MRI.

Malacoplakia

Malakoplakia of the testis is rare. Occasionally
it manifests as painless testicular enlargement.
Some men have had a preceding urinary tract
bacterial infection.

A testicular cancer is often suspected.

Sarcoidosis
Even in a setting of systemic sarcoidosis, genital
involvement is uncommon, although sarcoido-
sis and inflammatory nodules have presented as
extratesticular scrotal tumors. The epididymis
tends to be involved more often than the testis.
Some affected individuals develop signs and
symptoms mimicking epididymitis. A painless
tumor develops in others.

Imaging findings are similar to those seen
with epididymitis or a testicular neoplasm.

Tumors
Clinical

An extensive differential diagnosis exists for the
infant or boy presenting with a scrotal tumor
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(Table 13.4); two peak age groups exist: 0 to 1
year and 13 to 14 years. In adults, most intra-
testicular tumors are malignant, while most
extratesticular tumors tend to be benign.

The most often encountered epididymal
tumors are adenomatoid tumors, leiomyomas,
and cystadenomas. Men with von Hippel-
Lindau disease are at increased risk for epididy-
mal cystadenomas, similar to the increased
incidence of broad ligament cystadenomas
found in women with this disease. Anyone pre-
senting with bilateral epididymal cystadenomas
should be investigated for this disease.

Imaging

Testicular US readily differentiates intratesticu-
lar from extratesticular tumors. In further dif-
ferentiating between benign and malignant
tumors in pediatrics, the imaging modality
chosen is often US, but the literature provides
conflicting data; some authors achieve sensitiv-
ities and specificities over 90% in detecting 
testicular malignancies, but others find poor
specificity and believe that the role of US is
limited in this differential.

Currently MRI is limited in differentiating
among various scrotal tumors.

Cystic Nonneoplastic Conditions

Cysts originate in the epididymis, spermatic
cord, tunica vaginalis, and tunica albuginea
(Table 13.5). Most are of unknown etiology. One

of the tasks of US is to differentiate between
intratesticular and extratesticular cysts. The
latter are more common.

Testicular Fluid

In addition to the differential diagnoses listed in
Table 13.5, fluid is also present in dermoid cysts
and mature teratomas with a cystic component,
although often these latter have an associated
soft tissue component. These cysts vary in size
up to several centimeters in diameter. They are
smooth and homogeneous in appearance.

Not all testicular cysts are benign. Some tes-
ticular neoplasms develop cystic components.
In general, a simple, nonpalpable intratesticular
cyst is usually followed clinically. If, on the other
hand, US detects a solid component, there is
internal echogenicity, septa are present, or if a
thick cyst wall is detected, a malignancy is more
likely.

Simple Testicular Cyst

Simple intratesticular cysts tend to be small and
are filled with serous fluid. Ultrasonography

Table 13.4. Etiology of a painless scrotal tumor in the
pediatric age group

Testicular
Neoplasm
Cyst
Congenital malformation
Posttraumatic
Infection/inflammation

Extratesticular
Neoplasm
Cyst
Hematocele
Infection/inflammation
Pachyvaginalitis testis
Sebaceous cyst
Splenogonadal fusion

Source: Adapted from Aragona et al. (72).

Table 13.5. Scrotal cystic structures

Intratesticular
Testicular neoplasm containing cysts
Simple testicular cyst
Tunica albuginea cyst
Epidermoid cyst
Rete testis dilatation
Abscess
Cystic dysplasia

Extratesticular
Spermatocele
Epididymal cyst
Hydrocele
Hematocele
Cystocele
Lymphocele
Lymphangioma
Epididymal papillary cystadenoma
Abscess
Pyocele
Amebiasis

Vascular
Varicocele
Hemangioma
Arteriovenous malformation
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detects many simple testicular cysts and also
aids in differentiating a simple cyst from a neo-
plasm. These cysts are anechoic, and they have
a thin wall and no solid component.

A simple testicular cyst is hypointense on T1-
and hyperintense on T2-weighted images. The
high T2-weighted signal intensity makes some
of these cysts isointense to normal surrounding
parenchyma.

Typically these cysts are excised without per-
forming an orchidectomy.

Tunica Albuginea Cyst

Tunica albuginea cysts develop within the
tunica. Most are small and solitary, and are dis-
covered incidentally. Some are palpable. They
contain either serous fluid or blood.

At times due to prior trauma, tunica vaginalis
cysts develop between the visceral portion of
the tunica vaginalis and the tunica albuginea.
Some indent the testis, thus aiding in distin-
guishing them from a hydrocele.

Ultrasonography suggests a benign cyst if it
is unilocular. If the cyst is multilocular and
complex, a malignancy is in the differential.
Ultrasonography cannot differentiate between
tunica albuginea cysts and tunica vaginalis
cysts.

Epidermoid Cyst

Epidermoid cysts are believed to be of germ cell
origin, possibly representing a teratoma variant
differentiating along ectodermal lines. They are
benign, occur at any age, and can be bilateral
and large. Clinically, they tend to be detected as
painless testicular tumors. Some epidermoid
cysts are extratesticular in location.

Because these cysts contain cholesterol crys-
tals and other residual debris, US reveals a
hypoechoic, well-marginated tumor with a
hyperechoic wall. Some have a laminated or
concentric ring-like alternating hypo- and
hyperechoic appearance (73), and some contain
calcifications.

Magnetic resonance imaging of a scrotal epi-
dermoid cyst tends to show similar findings to
those of an intracranial epidermoid cyst;
namely, most are hypointense on T1- and hyper-
intense on T2-weighted images. Some have a
peripheral hypointense region on both T1- and

T2-weighted images, giving them a bull’s-eye or
onion ring appearance.

These are avascular tumors; Doppler US
reveals no flow, and they do not enhance post-
contrast MR (73).

Although epidermoid cysts can be treated by
simple enucleation, with a newly discovered
tumor the differential diagnosis often includes
a teratoma or a malignancy; imaging cannot dif-
ferentiate between these entities, and histologic
study of surrounding tissue is necessary.

Rete Testis Dilatation (Tubular Ectasia)

Some men develop dilation and possible cysts in
the rete testis, at times bilaterally. Most men
with this benign condition are over 55 years old,
with only a rare case reported in a child; in the
latter this condition can be associated with
other congenital urinary anomalies and an
embryonic malformation is the most likely
cause.

Physical examination detects a scrotal tumor
typical of a spermatocele.

Ultrasonography reveals a testicular tumor
containing multiple small spherical or tubular
anechoic or hypoechoic structures with coarse
internal echoes without an associated solid
component. Cysts, if present, are located in the
periphery, in the region of the mediastinum
testis. Coexisting epididymal cysts, epididymi-
tis, and spermatoceles are often present. The 
US appearance, location, and frequently coex-
isting epididymal abnormality suggest that this
condition represents rete testis dilation, proba-
bly in association with epididymal obstruction.
The rare rete testis adenocarcinoma probably
has a similar appearance. Cystic dysplasia of
the testis also has a similar US appearance,
although cystic dysplasia occurs mostly in chil-
dren. Dilation of the rete testis is differentiated
from a varicocele by the lack of flow, shown by
Doppler US.

Magnetic resonance imaging also detects
these tumors. They are hypointense on T1- and
iso- to hyperintense on T2-weighted images, in
distinction to most testicular tumors, which are
hypointense on T2 weighted images. They do
not enhance after IV gadolinium.

In some men this condition can be differen-
tiated from a testicular neoplasm on the basis of
clinical, US, and MRI findings, and orchiectomy
is not necessary to establish the diagnosis.
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Extratesticular Fluid

Bowel in an inguinal hernia can mimic the
cystic structures outlined below. Bowel is
identified with US by peristalsis. Some bowel in
a hernia can often be reduced manually.

An epidermal scrotal inclusion cyst, cuta-
neous in location, is probably due to abnormal
embryonal closure of the median raphe. These
cysts range from cystic to mostly solid struc-
tures, most are hypoechoic but their echogenic-
ity varies considerably.

Spermatocele

The seminiferous tubules merge and connect
with tubuli recti, which then enter the medi-
astinum testis and form the rete testis. Efferent
ductules from the rete testis form the head 
of the epididymis. Dilation of the efferent 
ductules within the epididymis is believed to
result in spermatoceles and epididymal cysts.
Spermatoceles are filled with thick, debris-laden
fluid.

Ultrasonography reveals spermatoceles as
unilocular or multilocular epididymal cysts.
Debris within the spermatocele usually makes 
it hyperechoic. Uncommonly, a spermatocele
has an appearance of a solid tumor. Sono-
graphically spermatoceles, hydroceles, and epi-
didymal cysts have a similar appearance. Their
MRI appearance varies depending on fluid
content.

Epididymal Cyst

Epididymal cysts are common; some are multi-
ple and often are an incidental finding. Their
etiology is unknown, but they appear to be con-
genital in nature. Some adolescents present with
an uncomfortable scrotal tumor.

These serous fluid-filled cysts have a typical
imaging appearance of an epididymal cyst as
described above.

Symptomatic epididymal cysts and hydro-
celes are treated either surgically or with sclero-
therapy. Multiple sclerotherapy treatments
achieve a high success rate.

Hydrocele

Increased serous fluid in the tunica vaginalis sac
represents a hydrocele. It is either congenital

and is detected early in life or develops later 
and manifests as painless scrotal swelling. The
scrotum is most often involved, although occa-
sionally a focal hydrocele develops in the sper-
matic cord.

The processus vaginalis is an inferior out-
pouching of the peritoneal cavity. Failure of the
tunica vaginalis to close off from the peritoneal
cavity results in communication between these
two structures and fluid accumulates. Partial
closure results in a cyst-like structure within the
spermatic cord. Spermatic cord hydroceles
present as firm inguinal tumors; US identifies a
focal, anechoic, and avascular tumor superior to
and separate from the testicle.

Abdominoscrotal hydroceles are rare; even
rarer are bilateral ones. Most occur in the pedi-
atric age group, enlarge rapidly, and tend to be
quite large at initial presentation. Most congen-
ital hydroceles in neonates resolve sponta-
neously and do not require imaging studies. If a
hydrocele does not resolve and therapy is con-
templated, imaging helps define the underlying
anatomy and detects whether a hydrocele
extends into the pelvis.

In a rare newborn a meconium-hydrocele
results in an acute scrotum.

Most acquired hydroceles are idiopathic or
related to trauma. Some are associated with 
an underlying disorder such as epididymitis,
orchitis, trauma, torsion, or even a neoplasm.
In particular, a small hydrocele should raise
suspicion of an underlying neoplasm. Most are
unilocular, although an occasional multilocular
one is encountered. Calculi within hydroceles
are not uncommon; US reveals hyperechoic,
movable foci in the fluid. Multiple calcifications
within a hydrocele should raise suspicion of
tuberculosis.

Either US or MRI can be used to evaluate
hydroceles, which tend to be mostly anechoic 
by US and provide an acoustic window for 
evaluating the underlying testis. Less common
is a hyperechoic hydrocele, due to the presence
of cholesterol crystals. Hydroceles are homo-
geneous and hypointense on T1- and hyper-
intense on T2-weighted images, characteristic 
of fluid. Occasionally septations are identi-
fied within a hydrocele, although prominent 
septations should suggest a hematocele or
pyocele.

A rare hydrocele becomes infected and is a
surgical emergency.
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After aspirating all fluid, some sclerothera-
pies have resulted in hydrocele disappearance.
On the other hand, an attempt to treat testicu-
lar hydroceles by aspiration and injection of a
two component fibrin glue consisting of fibrino-
gen and human thrombin led to hydrocele
recurrences (74).

Hematocele

A hematocele consists of blood within a tunica
vaginalis sac (i.e., a hydrocele with blood), while
a hematoma is blood within the wall. Most
hematoceles are traumatic in origin, with a
minority due to neoplasm or a bleeding dyscra-
sia. Clinically, a hematocele presents as a firm,
painful mass that does not transilluminate.
An acute hematocele is often associated with
testicular rupture. An occasional scrotal
hematoma in neonates is associated with
adrenal hemorrhage.

Initially US shows a hematocele to be mostly
anechoic; with time it evolves into a hyperechoic
structure and eventually develops a capsule,
septations, and even calcifications; at this stage
US of a hydrocele, pyocele, and hematocele
reveals similar findings.

During the subacute phase, blood within a
hematocele is hyperintense both on T1- and T2-
weighted MRI.

Pyocele

A pyocele consists of pus in the tunica vaginalis,
generally secondary to an epididymo-orchitis
or rupture of a testicular abscess. A scrotal
pyocele can be a sequela of bacterial peritonitis,
presumably secondary to a peritoneal 
communication.

A hematocele and a pyocele have a similar
initial US appearance, although an enlarged 
epididymis or testis is more common with a
pyocele. Some pyoceles develop internal septa.

Cystocele

A scrotal cystocele is in the differential diagno-
sis of a fluid-filled scrotal structure. A cystocele
should empty with voiding. At times US does
not identify the actual connection between a
cystocele and bladder.

Lymphocele

Representing an accumulation of lymph in a
cystic structure, most scrotal lymphoceles (lym-
phocysts) develop after pelvic surgery. It can 
be difficult to differentiate a lymphocele from
other cystic abnormalities.

A hydrocele, cystocele, and a lymphocele have
similar US appearances, although the presence
of septations suggests the latter. With a nondi-
agnostic fluid aspirate, a Tc-99m albumin
colloid lymphogram may visualize pelvic lym-
phatic channels and eventual pooling of activ-
ity within a scrotal lymphocele.

Lymphangioma

A lymphangioma is a tumor of lymphatic chan-
nels, often greatly dilated, and lined by endothe-
lial cells. A chronic painless scrotal swelling is
the most common presentation. Lymphan-
giomas range from solid, cystic, to mixed mul-
tilocular ones and are a sequella of congenital
lymphatic obstruction. Ultrasonography reveals
a complex, septated cystic tumor with a normal
testis and cord in most. Their US appearance is
similar to a hematocele or a pyocele.At times US
suggests multiple cystic tumors adjacent to the
testis. Yet a correct preoperative diagnosis is
difficult and the differential ranges from hernias
to various scrotal cysts. Some lymphangiomas
extend into the perineum, inguinal region,
pelvis and retroperitoneum. They recur after
incomplete excision.

Arteriovenous Malformation

A scrotal arteriovenous malformation is either
congenital or traumatic in origin.

Doppler US of an arteriovenous malforma-
tion reveals a high-velocity waveform; it can
thus be differentiated from a varicocele. Mag-
netic resonance imaging outlines the extent of
the lesion and detects fast flow within the visu-
alized vessels.

Testicular Tumors

Considerable variability exists in classifying tes-
ticular tumors. Most authors employ a histo-
logic classification, and one such modified
scheme is used here, although from an imaging
viewpoint it is not ideal.
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Testicular cancer is the most common malig-
nancy of young men. With adequate therapy a
5-year survival of over 90% is achieved. Cancer
prevalence is considerably higher in the white
population of America and Europe compared to
Asia and Africa, and the prevalence is increas-
ing in Western Europe. Testicular tumors are
rare in related family members. Those who 
have had one testicular cancer are at a consid-
erably higher lifetime risk of developing
another testicular cancer, either synchronously
or metachronously. An increased risk, including
bilateral tumors, exists in a setting of cryp-
torchidism. Testicular carcinomas develop in a
setting of known testicular microlithiasis (dis-
cussed later; see Calcifications).

Typically a testicular neoplasm first manifests
as a painless unilateral nodule. In general, a
solid intratesticular tumor is considered to be
malignant until proven otherwise.

Most testicular neoplasms are treated by
orchiectomy. In a solitary testis an organ-
preserving resection is often appropriate. The
potential role of such therapy as transcutaneous
high-intensity focused ultrasound as an alter-
nate to organ-preserving surgery is not clear.

The rare gonadoblastoma contains elements
of germ cells and stromal tissue. Most are
limited to patients with intersex syndromes.

Germ Cell Tumors

Clinical

Over 90% of testicular neoplasms are of germ
cell origin, and in adults almost half of all germ
cell tumors are seminomatous in origin. Semi-
nomatous tissue is also often present in mixed
germ cell tumors. The prevalence of germ cell
tumors is approximately 4 per 100,000. The
main reason to differentiate germ cell neo-
plasms as seminomas and nonseminomas is
that they are treated differently. Germ cell
tumors are not common in the pediatric age
group.

An association appears to exist between prior
infection by Epstein-Barr virus and subsequent
development of seminomas and embryonal car-
cinomas. Patients with Down syndrome are at a
slightly increased risk for testicular cancer; pre-
sumably the multiorgan malformations found
in trisomy 21 also affect gonads.

Although not common, testicular germ cell
tumors do occur bilaterally and are either syn-

chronous or metachronous in origin. Men with
a testicular cancer who have an atrophic con-
tralateral testis and those presenting at age 30
years or younger are at increased risk for a
second germ cell tumor in the contralateral
testis.

An association exists between membranous
glomerulonephritis and a seminoma, presum-
ably representing a manifestation of paraneo-
plastic syndrome. Gynecomastia develops in a
minority of males both with seminoma and
nonseminoma and, in a young adult, should lead
to a further workup.

Occasionally a testicular tumor first mani-
fests through metastases, with the primary
tumor not palpable, and initially the metastasis
is believed to represent an extraperitoneal
extragonadal germ cell tumor. Ultrasonography
detects some of the underlying silent primary
tumors, although a rare primary testicular
tumor regresses to the point that only a scar
remains. An occasional primary testicular site 
is detected only years later (called burned-out
cancer). Testicular US reveals such a burned-out
testicular tumor as a hyperechoic region. Some
of these men have undergone chemotherapy,
retroperitoneal lymph node dissection, and an
ipsilateral orchiectomy, with pathologic exami-
nation simply revealing a testicular scar; the
hyperechoic focus seen with US probably repre-
sents the remains of such a burned-out neo-
plasm. The etiology of this phenomenon is
unknown, although ischemic or immunologic
factors are probably involved.

Complicating this issue is that not all germ
cell tumors occur only in the testes. For
instance, Klinefelter’s syndrome patients have
an increased prevalence of extragonadal germ
cell tumors.

Among more bizarre tumors were simultane-
ous germ cell and stromal tumors in the same
testis in a 24-year-old man (75); the tumor con-
tained seminoma, embryonal carcinoma, chori-
ocarcinoma, and Leydig cell tumor components.

Doubling rate for many germ cell tumors is
measured in days.

Detection

High-resolution US should detect most germ
cell tumors. These tumors are mostly hypo-
echoic to normal testicular parenchyma. In
general, although many hyperechoic testicular
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tumors are benign, their US appearance alone
cannot be used to exclude a malignancy. Most
testicular neoplasms are hypervascular. Doppler
US has played a limited role in evaluating these
tumors.

A diagnosis of germ cell tumor is typically
established by radical inguinal orchiectomy.

Staging

A number of staging systems are in use for
seminomas and nonseminomatous germ cell
tumors, but the TNM staging system is common
(Table 13.6). Most seminomas spread via lym-
phatics, while nonseminomatous teratomas and

Table 13.6. Tumor, node, metastasis (TNM) staging systems of testicular tumors

N2 Metastasis with lymph node mass more than 
2 cm but not more than 5 cm in greatest
dimension; or more than 5 nodes positive,
none more than 5 cm; or evidence of
extranodal extension of tumor

N3 Metastasis with a lymph node mass more 
than 5 cm in greatest dimension

Distant metastasis:
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1a Nonregional nodal or pulmonary metastasis
M1b Distant metastasis other than to nonregional 

lymph nodes and lungs
Serum tumor markers:
Sx Marker studies not available or not performed
S0 Marker study levels within normal limits
S1 LDH <1.5 ¥ N and hCG (mIU/mL) <5000 and 

AFP (ng/mL) <1000
S2 LDH 1.5–10 ¥ N or hCG (mIU/mL) 

5000–50,000 or AFP (ng/mL) 1000–10,000
S3 LDH >10 ¥ N or hCG (mlu/mL) >50,000 or 

AFP (ng/mL) >10,000

Tumor stages:
Stage 0 Tis N0 M0 S0
Stage IA T1 N0 M0 S0
Stage IB T2 N0 M0 S0

T3 N0 M0 S0
T4 N0 M0 S0

Stage IC any T N0 M0 S1–3
Stage IIA any T N1 M0 S0

any T N1 M0 S1
Stage IIB any T N2 M0 S0

any T N2 M0 S1
Stage IIC any T N3 M0 S0

any T N3 M0 S1
Stage IIIA any T any N M1a S0

any T any N M1a S1
Stage IIIB any T N1–3 M0 S2

any T any N M1a S2
Stage IIIC any T N1–3 M0 S3

any T any N M1a S3
any T any N M1b any S

(Extent of primary tumor is classified after radical
orchiectomy)

Primary tumor:
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Intratubular germ cell neoplasia (carcinoma in 

situ)
Tl Tumor limited to testis and epididymis 

without vascular/lymphatic invasion; tumor
may invade into tunica albuginea but not
tunica vaginalis

T2 Tumor limited to testis and epididymis with 
vascular/lymphatic invasion, or tumor
extending through tunica albuginea with
involvement of tunica vaginalis

T3 Tumor invades spermatic cord with or without 
vascular/lymphatic invasion

T4 Tumor invades scrotum with or without 
vascular/lymphatic invasion

Lymph nodes (clinical):
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis with lymph node mass 2 cm or less 

in greatest dimension; or multiple lymph
nodes, none more than 2 cm in greatest
dimension

N2 Metastasis with lymph node mass, more than 
2 cm but not more than 5 cm in greatest
dimension; or multiple lymph nodes, any
one mass greater than 2 cm but not more
than 5 cm in greatest dimension

N3 Metastasis with lymph node mass more than 
5 cm in greatest dimension

Lymph nodes (pathologic):
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis with lymph node mass 2 cm or less 

in greatest dimension and less than or
equal to 5 nodes positive, none more than
2 cm in greatest dimension

Serum tumor maker abbreviations: AFP,a-fetoprotein; hCG, human chorionic gonadotropin; N, upper limit of normal for lactate dehydrogenase
(LDH) assay; mIU, milli International units.
Source: From the AJCC Cancer Staging Manual, 6th edition (2002), published by Springer-Verlag, New York, NY, used with permission of the Amer-
ican Joint Committee on Cancer (AJCC), Chicago, IL.
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choriocarcinomas more often spread primarily
hematogenously. Thus lung metastases are more
common with nonseminomas, but retroperi-
toneal, mediastinal, and neck involvement is
more common with seminomas (Fig. 13.8).

Testicular lymphatics drain alongside the 
testicular arteries and veins into nodes close to
the renal hila and eventually into para-aortic
nodes. Left sentinel nodes are located close to
the renal hilum; on the right these nodes are
paracaval in location, inferior to the renal
vessels. Tumors involving the epididymis drain
into the iliac nodes. Right-sided tumors tend 
to spread more often to the left para-aortic
nodes than vice versa. Drainage occurs to other
sites, such as to inguinal and iliac nodes, if
the usual lymphatic drainage pathways become
obstructed.

With metastasis, left renal vein and inferior
vena caval invasion are not uncommon and are
detected by imaging (Fig. 13.9). An endovascu-
lar biopsy is diagnostic. These tumors can result
in a life-threatening malignant pulmonary
embolus.

The results of a prospective multicenter study
of extraperitoneal lymph node involvement by
testicular tumors are listed in Table 13.7.
Although this study is now dated, it does
provide relative sensitivities of various tests.
Nodal involvement by tumor is not identified by
CT directly; rather, enlarged lymph nodes in the

presence of known tumor suggest metastases.
In general, as the diameter of a lymph node
increases, the likelihood of metastasis increases
almost continuously. Ultrasonography is not
accurate in detecting extraperitoneal lymph
node involvement.

When associated with germ cell tumors,
laminar calcifications suggest extension beyond
the tunica albuginea (77). An occasional
“burned-out” germ cell tumor develops curvi-
linear calcifications, similar to those seen with a
Sertoli cell tumor.

Currently chest and abdominopelvic CT are
part of staging these tumors. A negative study,
however, has limited significance. Imaging
cannot differentiate reliably between stage I
(tumor confined to testis) and stage II (spread
to regional nodes), and thus retroperitoneal
lymph node dissection is necessary.

Magnetic resonance imaging has a limited
role in the staging of germ cell tumors. Tumor
signal intensity is similar to that of normal
tunica albuginea, and invasion cannot be readily
determined. In evaluating extraperitoneal
lymph node invasion, MRI is similar to CT;
namely, lymph node size is used as the primary
criterion.

Preliminary studies suggest that FDG-PET
appears to have a role in staging metastatic 
testicular germ cell tumors by detecting
increased carbohydrate metabolism of malig-

Figure 13.8. Metastatic seminoma. A,B: Two CT images identify a large, poorly marginated intraabdominal tumor (arrows). Exten-
sive peritoneal involvement, including ascites, was also evident. (Courtesy of Algidas Basevicius, M.D., Kaunas Medical University,
Kaunas, Lithuania.)

A B
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nant cells. Both primary seminomas and malig-
nant teratomas reveal avid uptake. Normal
tissue uptake is found in differentiated ter-
atomas and in necrotic tissue.

L-(1–11C)tyrosine PET imaging in men with
retroperitoneal metastatic nonseminoma testic-
ular germ cell tumors did not detect most
tumors (78); in fact, even with large, inhomoge-

Figure 13.9. Metastatic testicular carcinoma. Inferior vena cav-
agram reveals a tumor thrombi in the inferior vena cava (arrows)
and occlusion of the left common iliac vein. Retroperitoneal
adenopathy and lung metastases were also present. (Courtesy
of David Waldman, M.D., University of Rochester.)

Table 13.7. Retroperitoneal lymph node involvement by
testicular tumors*

Sensitivity Specificity
(%) (%)

Bipedal lymphography 71 60
Computed tomography 41 94
Abdominal 31 87

ultrasonography
a-fetoprotein/human
chorionic gonadotropin 37 93
All modalities combined 88 48

* Final diagnosis was based on histology of resected retroperitoneal
lymph nodes.
Source: Adapted from Bussar-Maatz and Weissbach
(76).

neous tumors identified by CT, PET revealed
decreased uptake at the site.

Lymphography has been used in the past to
evaluate extraperitoneal lymph node involve-
ment. With advances in CT, however, lymphog-
raphy currently is rarely employed for this
purpose; CT, especially multislice, provides
additional information about tumor invasion.

Follow-Up

The current primary role of FDG-PET is in men
with elevated serum tumor markers and no
tumor identified by conventional imaging; keep
in mind that FDG-PET is also positive in a
setting of postoperative inflammation (79).
False-negative studies also occur. The FDG-PET
scans are more accurate than CT in detecting
residual tumor when performed several weeks
or later after chemotherapy.

In evaluating local recurrence after 
orchiectomy for testicular neoplasms, 67% of
US-detected focal tumors and 27% of hetero-
geneous changes consisted of cancer (80).

Seminoma

Seminoma is the most common germ cell
tumor. Histologically, most seminomas are 
solid tumors composed of sheets of uniform
large tumor cells having an overall superim-
posed fibrous structure, with an anaplastic
appearance found in a minority. Some contain a
lymphocytic infiltrate. These tumors vary from
a small nodule to diffuse infiltration and testic-
ular enlargement. An occasional one is associ-
ated with testicular microlithiasis.

Peak incidence occurs in the fourth and fifth
decades of life. It is rare under the age of 10
years and over the age of 60 years. A minority 
of patients have detectable tumor markers b-
human chorionic gonadotropin (b-hCG), lactate
dehydrogenase, and placental alkaline phos-
phatase. In most patients with a seminoma at
least one of these three markers is elevated. Ele-
vated serum lactate dehydrogenase levels corre-
late with seminoma invasive status, metastatic
status, and poor outcome, while serum b-hCG
levels correlate only with metastatic status; most
seminomas produce small amounts of hCG, and
an elevated serum level reflects an increase in
tumor volume and thus suggests metastases.
Placental alkaline phosphatase has the highest
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torchidectomy relapse of stage I and IIA disease
achieves long-term cure rates of 85% or more;
relapse-free rates are predicted by tumor size,
age, and small vessel invasion.

Seminoma patients require long-term post-
therapy follow-up, including a search for radio-
therapy-related secondary cancers years later.
Thus a review of men treated at the Institut
Claudius Regaud for stages I and II testicular
seminoma found an overall second nongerm
cell cancer in 11% (81); the Standardized Inci-
dence Ratio was significantly increased in men
treated with supra- plus infradiaphragmatic
radiation, but not in those treated with infradi-
aphragmatic radiation only. Also, the incidence
of second cancers increased with the duration of
follow-up.

Spermatocytic Seminoma

Whether a spermatocytic seminoma is a variant
of a seminoma or a separate entity is debatable.
Histologically, cells resemble maturing sper-
matogonia. This is a rare testicular neoplasm
occurring only in adults and developing only in
descended testes. The vast majority are benign,
although an occasional one is associated with a
testicular sarcoma.

Nonseminoma

In the United States, embryonal cell carcinoma,
yolk sac tumor, teratoma, and choriocarcinoma
are considered nonseminomatous germ cell
tumors. British authors prefer to lump non-
seminomatous germ cell tumors under malig-
nant teratomas. A number of these tumors
contain more than one cell type and these are
known as mixed germ cell tumors. Histologi-
cally, nonseminomatous germ cell tumors 
have a heterogeneous appearance. They are
prone to hemorrhage and necrosis. An elevated
serum a-fetoprotein level should suggest a 
nonseminoma.

Magnetic resonance imaging reveals most of
these tumors to be more heterogeneous than
seminomas with all sequences. They contain
regions of high and low signal intensity both
with T1- and T2-weighted images. Because of
their MRI heterogeneity, most, but not all, of
these tumors can be differentiated from semi-
nomatous tumors.

sensitivity for detecting metastatic disease. A
pure seminoma does not result in elevated a-
fetoprotein levels, and the presence of this
tumor marker should suggest a nonseminoma-
tous or mixed tumor.

Some of these tumors first manifest by 
their metastases. The anaplastic variety appears
to be more aggressive than a more typical 
seminoma.

Ultrasonography reveals most seminomas as
focal, solid, and well-circumscribed hypoechoic
tumors. Most other germ cell tumors do not
have a clearly defined tumor margin. A minor-
ity of seminomas contain hypoechoic regions.
Cystic or hyperechoic regions are not seen and,
if present, should suggest another diagnosis.
Larger tumors tend to be hypervascular, a
finding evident with Doppler US (Fig. 13.10).

Seminomas are isointense to normal tissue
on T1- and mostly hypointense and relatively
homogeneous on T2-weighted MR images.
They tend to be homogeneous, and regions of
increased signal intensity presumably represent
either bleeding or calcifications. They enhance
less than normal testicular tissue.

Initial seminoma therapy is orchidectomy.
Radiotherapy and chemotherapy for pos-

Figure 13.10. Testicular seminoma. Transverse Doppler image
of the left testis. Note hypervascular hypoechoic mass (arrows)
occupying most of the testis. Residular normal testicular tissue
is present anteriorly (arrowhead). (Courtesy of Deborah Rubens
MD, University of Rochester.)
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Embryonal Cell Carcinoma: An embryonal
cell carcinoma is a highly malignant undiffer-
entiated tumor occurring either by itself or as
part of a mixed germ cell tumor. A rare embry-
onal cell carcinoma undergoes differentiation 
to a peripheral neurectodermal tumor. These
tumors occur after puberty, with a peak in
young men. They invade readily. Metastases are
common at the time of initial diagnosis. Embry-
onal cell carcinomas are associated with ele-
vated a-fetoprotein levels and about half have
elevated b-hCG levels.

Ultrasonography can reveal cysts, calcifi-
cations, or areas of hemorrhage. These tumors
tend to be hypoechoic.

Yolk Sac Tumors: A yolk sac tumor, or 
endodermal sinus tumor, predominates in
childhood, representing an embryonal adeno-
carcinoma of the prepubertal testis. It is the
most common testicular neoplasm in infants. In
adult men this tumor tends to be part of a mixed
germ cell tumor. An occasional one occurs in
other body parts. Most infants with a yolk sac
tumor have elevated a-fetoprotein levels.

A yolk sac tumor occasionally is associated
with testicular microlithiasis. The US appear-
ance varies from heterogeneous to homoge-
neous. Some tumors contain cystic regions. This
tumor is not as well marginated as a seminoma
and tends to invade adjacent structures.

Teratoma: Primary testicular teratomas
contain several germ cell layers and are classified
into mature and immature types, with the latter
(teratocarcinoma, teratosarcoma, or teratoma
with malignant transformation) containing
undifferentiated tissue from germ cell layers and
having undergone malignant transformation.

Teratomas have two peak incidences: one in
infancy and early childhood and another in
young men. In the very young they tend to be
mature and benign. About half of prepubertal
boys with a testicular teratoma have an elevated
a-fetoprotein level. Most postpubertal ter-
atomas are malignant. Of interest is that any
element in a teratoma can metastasize. A 
majority of malignant testicular teratomas
present with metastatic disease. Occasionally a
metastasis contains other subtypes of non-
seminomatous germ cell tumors, such as a
sarcoma, adenocarcinoma, or even a neuro-
ectodermal tumor.

Pretherapy, most teratomas have an inhomo-
geneous appearance and contain both solid and

cystic components. A cystic region should not
be confused with a benign cyst. Some contain
calcifications; the presence of bone or cartilage
indicates maturity. A capsule is seen as a
hypointense band in the periphery. A PET scan
suggests a malignant teratoma in presence of
increased tumor uptake.

Choriocarcinoma: A choriocarcinoma is the
least common testicular malignancy. Histologi-
cally, this tumor contains two cell types: syncy-
tiotrophoblasts and cytotrophoblasts. Most
choriocarcinomas are part of a mixed germ 
cell tumor. An occasional choriocarcinoma is
extraperitoneal in origin.

This is a highly malignant tumor occurring
mostly in the second and third decades of life.
Metastasis is via both lymphatic and hematoge-
nous routes, and at times metastases manifest
before a primary tumor is detected. These
tumors are associated with elevated b-hCG
levels produced by syncytiotrophoblasts; a-
fetoprotein levels are not elevated in pure 
choriocarcinomas.

Hemorrhage and necrosis are common
imaging findings.

Mixed Germ Cell Tumor: A mixed germ cell
tumor contains several germ cell elements, with
the most common combination being an embry-
onal cell carcinoma and teratoma elements (ter-
atocarcinoma). The embryonal carcinomatous
component often represents more than 50% of
the tumor mass. These tumors often contain
both solid and cystic components and have an
overall inhomogeneous appearance.

A gonadoblastoma consists of a mixture of a
germ cell tumor and a stromal tumor. Most
occur in a setting of cryptorchidism and other
congenital abnormalities.

Only about half of mixed germ cell tumors
have a homogeneous appearance; many con-
tain cystic degeneration, hemorrhage, or necro-
sis, and, as a result, the US appearance varies
considerably. An imaging appearance of a
necrotic tumor containing multilocular cysts is
common.

An FDG-PET scan of retroperitoneal metas-
tases often reveals heterogeneous, increased
glucose metabolism prior to chemotherapy,
reverting to normal FDG uptake after
chemotherapy.

Therapy/Follow-Up of Nonseminomas:
Chemotherapy is curative in most individuals
with nonseminomatous tumors.
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Imaging studies generally do not play a major
role in the follow-up of nonseminoma and
mixed germ cell tumors because adequate
serum markers are available (a-fetoprotein and
b-hCG). Persistent elevation of tumor markers
after orchidectomy suggests residual tumor.
Although increased levels usually signify tumor
progression, they are not specific to tumor type.
Elevated a-fetoprotein levels occur with hepa-
tocellular carcinomas, some gastrointestinal
neoplasms, bronchial carcinomas, and some
benign liver disorders, while b-hCG levels are
elevated with some gastrointestinal, liver,
pancreatic, and urogenital neoplasms. At times
elevated b-hCG levels result in gynecomastia.
Negative tumor marker levels are of less
significance and are seen even with metastatic
disease.

Imaging is useful after orchidectomy prima-
rily to detect metastases. A tumor developing
after chemotherapy is not necessarily a recur-
rence; some of these are mature teratomas.
Computed tomography is often employed to
detect residual tumor after chemotherapy of
relapsing nonseminomatous testicular tumors.
Among men treated by salvage chemotherapy,
CT does not reliably differentiate tumor, scar-
ring, and necrosis (82); CT does, however,
provide guidance for lymphadenectomy, which
is often considered.

Among men with clinical stage I (T1) non-
seminomatous germ cell testicular tumors
treated by orchiectomy alone, 74% remained
disease-free when followed for a median of 11
years (83); relapses are mostly in those with
predominantly embryonal carcinomas and
tumors showing vascular invasion, and the
authors suggest management by surveillance
alone after orchiectomy in this select population
with clinical stage I tumors, normal serum
markers, and neither predominant embryonal
carcinoma nor vascular invasion.

The growing teratoma syndrome is applied to
nonseminoma testicular germ cell tumors,
which, after chemotherapy, continue to enlarge
in a setting of normal tumor markers. Residual
tumor resection is associated with a good prog-
nosis. Nevertheless, this issue is complex, illus-
trated by the following: An orchiectomy in a
21-year-old man with a left testicular tumor 
and extraperitoneal lymph node metastases
revealed a mixed germ cell tumor containing
immature teratoma, embryonal carcinoma, and

seminoma components (84); after chemother-
apy, a-fetoprotein levels declined, but over the
next 8 years he underwent several para-
aortic tumor resections for enlarged nodes,
with the last one yielding adenocarci-
noma within parts of a mature teratoma. The
authors concluded that the malignant potential
of these tumors cannot be evaluated from its
maturation and any residual tumor should be
resected.

Among extraperitoneal tumors detected by
CT after chemotherapy for nonseminomatous
testicular cancers, at resection 47% consisted 
of benign tissue and 53% were either mature
teratomas or residual cancer (85); a small resid-
ual tumor size and reduction in size after
chemotherapy are predictors of benign 
histology.

An occasional man successfully treated for a
nonseminomatous germ cell tumor develops 
lymphoma years later.

Sex Cord and Stromal Tumors

The nongerm cell tumors include Leydig cell
tumor, Sertoli cell tumor, and granulosa cell
tumor. Most are benign. Combinations of
several of these tumors also occur; these are
simply called stromal tumors. Hormone 
secretion is common.

Leydig Cell Tumors.

Stromal (interstitial) Leydig cells produce
androgen necessary for spermatogenesis. A
Leydig cell tumor is the most common stromal
tumor. It is a tumor of adults, with only a minor-
ity developing prepuberty. In the elderly these
tumors tend toward malignancy, with the more
malignant ones becoming hemorrhagic and
necrotic. In some adults, only metastasis estab-
lishes their malignant nature.

A common presentation is a painless tumor
or testicular enlargement. Some young boys
develop precocious puberty, while young men
tend towards gynecomastia and infertility.
Serum testosterone levels are normal or low. An
occasional malignant Leydig cell tumor is asso-
ciated with high progesterone levels. A Leydig
cell tumor can develop in a cryptorchid 
testis.

Leydig cell tumors are well marginated,
encapsulated, solid, and relatively homoge-
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neous, although some larger ones develop cysts
and necrosis. Most are similar in appearance to
germ cell tumors. Ultrasonography findings
vary and range from hypo- to hyperechoic. They
tend to be isointense on T1- and hypointense on
T2-weighted images, an appearance similar to
germ cell tumors (Fig. 13.11). Some malignant
Leydig cell tumors have foci of increased signal
intensity both on T1- and T2-weighted images,
thus mimicking nonseminomatous germ cell
tumors.

Sertoli Cell Tumors

Sertoli cells line the tubule basement mem-
brane. Most Sertoli cell tumors are benign. Their
prevalence is increased in tuberous sclerosis
and Peutz-Jeghers syndrome. Some of these
tumors calcify and some are bilateral.

One variant is a large-cell calcifying Sertoli
cell tumor found mostly in boys. Usually
benign, it has distinctive microscopic features
and contains multifocal and curvilinear
calcifications identifiable by imaging. This
tumor is one of the components in Carney’s

complex (which includes cardiac and skin
myxomas, myxoid mammary fibroadenomas,
skin pigmentation, adrenocortical abnor-
malities, pituitary adenoma, and testicular 
tumors such as large-cell calcifying Sertoli cell
tumor).

Granulosa Cell Tumor

Granulosa cell and theca tumors are rare in
males. Two peaks occur: one during the first
month of life and the other one in late adult-
hood. Their imaging appearance is similar to
that of other stromal tumors.

Carcinoid

A primary testicular carcinoid is exceedingly
rare. Carcinoid metastases to testes are more
common.

Metastatic to Testes

Metastatic spread to the scrotum is by spermatic
cord, lymphatics, or, least often, via a hematoge-

Figure 13.11. Testicular Leydig cell tumor. Precontrast (A) and
contrast-enhanced (B) T1-weighted MR images reveal marked
tumor contrast enhancement (arrows). C: The tumor is
hypointense on T2-weighted images. A central scar is evident
(arrow). (Source: Fernández GC, et al. Magnetic resonance imaging
in the diagnosis of testicular Leydig cell tumour. Br J Radiol
2004;77:521–524, with permission from the British Institute of
Radiology.)
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nous route. Overall, metastases to the testes are
uncommon. Prostatic, appendiceal or colonic
signet ring carcinomas and a rare renal cell car-
cinoma have spread via the spermatic cord.
Anecdotal metastatic bile duct carcinomas are
reported.

Metastases tend to be multiple. Ultrasonogra-
phy reveals variable echogenicity.

Lymphoma/Leukemia

Primary testicular lymphoma occurs in all age
groups but is not common. In distinction to
other testicular tumors, secondary lymphoma
occurs in older men; lymphoma should be con-
sidered if an elderly man develops a testicular
tumor. Almost all secondary malignant lym-
phomas are non-Hodgkin’s B-cell lymphomas.
In an occasional patient testicular lymphoma is
a first manifestation for this tumor.

Lymphomas and leukemic involvement 
tend to be bilateral. They range from focal to
diffuse infiltration. Ultrasonography reveals a
hypoechoic, homogeneous focal or diffuse
tumor, similar to germ cell tumors. Associated
adenopathy is common, and the epididymis and
spermatic cord are also often involved.

Lymphomas tend to be hypointense relative
to hydrocele fluid on MR. Similar to lymphomas
elsewhere, a homogeneous appearance is
common.

Testicular involvement in leukemia is com-
mon, especially during recurrence. During
remission leukemic cells may persist in the testis
in spite of adequate chemotherapy. Leukemia
manifests as testicular enlargement. Imaging
reveals diffuse infiltration, similar to primary
tumors.

Myeloma

A testicular plasmacytoma is rare. It is more
common to find testicular infiltration as part of
multiple myeloma.

Hemangioma

Both testicular and extratesticular cavernous
hemangiomas are rare, and only anecdotal
reports exist. Most are detected as palpable
nodules and a malignancy is suspected clini-
cally. Hemangiomas have similar imaging
findings to the unrelated rare paratesticular

epithelioid hemangioendothelioma; it has a
good prognosis.

Ultrasonography of hemangiomas ranges
from nondiagnostic to a heterogeneous tumor
replacing parenchyma. Most are hypoechoic,
but their echogenicity varies. Some heman-
giomas contain calcifications. Color Doppler US
of one revealed intense flow in the tumor and
normal flow in the surrounding parenchyma
(86). Ultrasonography of extratesticular heman-
giomas tends to suggest a varicocele.

These hemangiomas are slightly hyperintense
on T1- and markedly hyperintense on T2-
weighted images. Any thrombi appear as signal
voids.

Extratesticular Tumors

Ultrasonography can differentiate most testicu-
lar from extratesticular tumors. Whether an
extratesticular tumor originates from the epi-
didymis is more problematic. Ultrasonography
cannot differentiate the considerably more
common benign extratesticular tumors from a
malignant one.

Mesenchymal Tumors

Lumped under this heading are mesothelioma-
origin tumors, various sarcomas, and their
benign counterparts. Most originate in the sper-
matic cord or epididymis. Some undoubtedly
are a component of a teratoma.

Over 90% of spermatic cord neoplasms are of
mesenchymal origin.

Adenomatoid Tumor/Nonpapillary 
Benign Mesothelioma

The most common benign neoplasm involving
epididymis is an adenomatoid tumor, also
known as a nonpapillary benign mesothelioma.
A rare adenomatoid tumor originates in the
testis or spermatic cord. Immunohistochemical
study suggests a mesothelial cell origin (87).
Occurring in adults, these slow-growing tumors
are most common in young men; many are
asymptomatic.

These tumors vary in their imaging appear-
ance. Most are solid and well marginated, but an
occasional one is predominantly cystic. Varying
amounts of fibrosis are common. They range
from hyper- to mostly isoechoic in appearance.
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Some invade adjacent testis and mimic a carci-
noma, although testicular malignancies do not
typically have an isoechoic appearance.

Malignant Mesothelioma

Malignant mesotheliomas of the tunica vagi-
nalis are uncommon, affecting men over age 
50 years.Anecdotal synchronous bilateral malig-
nant mesotheliomas are reported. An associa-
tion exists with prior asbestos exposure. These
tumors range from an aggressive course to more
indolent ones. Histologic differentiation from a
benign adenomatoid tumor is difficult.

These are solid, nodular tumors. They spread
primarily via lymphatics; one of the few remain-
ing indications for a lymphogram is in the
workup of a malignant mesothelioma.

Complete tumor excision should be curative.

Benign Mesenchymal Tumors

Lipomas are common extratesticular and sper-
matic cord tumor. Some of these tumors are
complex, containing other mesenchymal tissue.
Occurring over a wide age range, many are dis-
covered incidentally.

A lipoma appears as fat density on CT and as
a hyperechoic tumor on US. Magnetic reso-
nance reveals a relatively homogeneous hyper-
intense tumor on T1-weighted images; some
lipomas are hyperintense to fat on T2-weighted
images.

A rare scrotal tumor of unknown etiology
consists primarily of fibrosis and is nonneo-
plastic in origin. Most of these fibromas are
hyperechoic on US. Some have a striated
appearance. Magnetic resonance reveals a
hypointense tumor on T1- and an inhomoge-
neous hypointense tumor on T2-weighted
images. They tend to have inhomogeneous con-
trast enhancement.

Aggressive fibromatosis (desmoid tumor) of
the spermatic cord is rare; histologically these
tumors are similar to other desmoid tumors
found in the abdomen and are associated with
Gardner’s syndrome. These tumors recur fol-
lowing local excision.

Sarcoma

Paratesticular rhabdomyosarcomas occur in
infants and children, while leiomyosarcomas 

are more common in adults. Rhabdomyo-
sarcomas are mostly solid and occasionally
partly cystic, and mimic benign neoplasms. A
rhabdomyosarcoma should be considered in
children with a paratesticular cystic tumor 
containing a solid component. Some of these
tumors are associated with a hydrocele.

The rare liposarcoma is most common in the
spermatic cord (88); some are associated with
surrounded inflammation and fibrosis.

The term malignant mesenchymoma appears
appropriate for some of these tumors; an 
occasional one contains such elements as 
a liposarcoma, chondrosarcoma, and even
osteosarcoma.

With most of these tumors preoperative
imaging discloses a nonspecific intrascrotal,
paratesticular tumor. Ultrasonography and MR
reveal a homogeneous tumor indistinguishable
but separate from a normal testis. A similar
appearance is seen with benign mesenchymal
tumors, which, statistically, are more common
in this location.

A rare paratesticular tumor is reactive pseu-
dosarcomatous myofibroblastic proliferation
(proliferative funiculitis). It is of unknown eti-
ology, although prior trauma appears to be a
factor.

Adenoma

Histologically, an adenoma is similar to a well-
differentiated renal cell carcinoma and a multi-
cystic papillary adenocarcinoma of the rete
testis, thus metastasis is in the differential diag-
nosis. This tumor is associated with von Hippel-
Lindau disease, at times occurring bilaterally.
In the presence of other, more ominous sys-
temic tumors found in von Hippel-Lindau
disease, most of these cystadenomas are 
asymptomatic.

These adenomas range from solid to mostly
cystic with papillary soft tissue projections.

Metastasis

Detection of an epithelial malignant neoplasm
in the spermatic cord most often represents a
metastasis. Even in an asymptomatic patient,
a search for a primary site is warranted. A sper-
matic cord adenocarcinoma is occasionally a
first manifestation of a silent colon cancer.
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Calcifications
Testicular
The term microlithiasis implies microscopic
calcifications that should not be visible with
imaging, but this term has become ingrained in
medical and radiologic usage for the faint,
barely perceptible calcifications detected with
high-resolution imaging and is used in this
context here. Pathologically, these calcifications
either consist of amorphous calcific debris or,
more often, are laminated (77); most are multi-
ple. They appear to represent a defect in Sertoli
cell phagocytosis of tubular debris. The preva-
lence of testicular microlithiasis in a population
referred for scrotal US was <1% (89).

Testicular calcifications occur in a number of
benign conditions and malignancies, in boys
and in adults (Table 13.8). In some individuals
microlithiasis is discovered as an incidental
finding. The relative risk of a concurrent tumor
being present is about 22-fold compared to con-
trols (89). Some calcifications are premalignant;
neoplasms developing later in some of these
individuals, with time interval between discov-
ery of microlithiasis and subsequent neoplasm
detection ranging up to a decade.

Typically, US reveals testicular microlithiasis
as numerous diffuse, small, nonshadowing
hyperechoic foci throughout the parenchyma. A
tendency toward a peripheral location is evident
with some. Any clustering of calcifications
should suggest a malignancy.

Although the approach to incidentally dis-
covered microlithiasis varies, an initial clinical
evaluation for a silent malignancy, including 
CT of the chest and abdomen, appears reason-
able. Some investigators follow these patients
with serial imaging and tumor markers (a-
fetoprotein and b-hCG), although sufficient 
data are not available to provide firm 
recommendations.

Extratesticular
Prostatic calcifications are common. Occasion-
ally during a bone scan uptake of Tc-99m-
MDP, radiotracer is detected around prostatic
calcifications; presumably this tissue is meta-
bolically active.

Calcifications develop in some extra-
testicular benign tumors. The sequela of a
hematocele has already been mentioned. Some
calcifications are loose in the tunica vaginalis
sac; the literature refers to these as scrotal
pearls. An occasional such calcification floats in
a hydrocele.

Vascular Abnormalities
Varicocele (Spermatic Vein)
Clinical

A varicocele consists of either a single enlarged
vein or several freely communicating veins con-
taining incompetent valves. The primary impor-
tance of a varicocele is its association with
infertility and testicular hypotrophy, although 
at times a varicocele leads to pain. Only a minor-
ity of men with a varicocele are infertile,
however, and it is not possible to predict among
teenagers with a newly discovered varicocele
who will become infertile.

In younger men most varicoceles are idio-
pathic, but a secondary cause is more common
in older individuals. At times an extrinsic
tumor, such as a left-sided renal cell carcinoma,
compresses or occludes the testicular vein and

Table 13.8. Conditions associated with testicular calcifications

Idiopathic

Cryptorchidism

Klinefelter’s syndrome

Down syndrome

Infection/inflammation
Tuberculosis
Filariasis
Granulomatous orchitis
Sarcoidosis

Neoplasms

In association with pulmonary microlithiasis

Epidermoid cysts

Ischemia
Trauma
Prior testicular torsion
Vasculitis

Hematoma

Infertility
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first manifests as a left varicocele. Rarer condi-
tions include hydronephrosis and malignant
lymphadenopathy adjacent to the veins.

Varicocele prevalence gradually increases in
teenagers, reaching adult levels at about the age
of 18 years. In the pediatric age group a varico-
cele is often associated with a small testis. Tes-
ticular growth can be expected after therapy. In
infertile men with varicoceles both testicles
tend to be atrophic, and sperm motility is low.
Correction of a varicocele in an adult often pro-
duces poor results, thus the emphasis on early
detection.

Varicoceles are more common on the left,
although in infertile men varicoceles are most
often bilateral. A large study found 87% of indi-
viduals to have left varicoceles only, 2% right
varicoceles, and 11% bilateral varicoceles (90).
The more common left varicocele typically
drains into the left renal vein. With an isolated
right varicocele, compression of the right sper-
matic vein by an extrinsic tumor should be con-
sidered. Most right varicoceles join the inferior
vena cava just inferior to the right renal vein, but
aberrant drainage pathways are not uncommon;
communication with the paravertebral veins or
portal venous system, especially left colic vein,
is found in a minority (91). Detection of these
alternate pathways aids in reducing recurrence
after therapy. A minority of varicoceles are
intratesticular in location.

Idiopathic thrombosis of a varicocele is rare
(92); clinically, on an acute basis it mimics a
strangulated inguinal hernia or testicular
torsion.

Imaging

Gray-scale US reveals most varicoceles as
dilated, tubular blood-filled structures. Venog-
raphy identifies testicular (internal spermatic)
vein insufficiency by showing reflux of contrast
from the left renal vein into the testicular vein
and pampiniform plexus.

The internal spermatic vein becomes palpa-
ble at a diameter of about 3 to 3.5 mm and
Doppler US detects reversal of venous blood
flow in veins wider than about 3.5 mm, realizing
that clinical and US diagnoses of a varicocele do
not always agree. Although Doppler US does
detect a subclinical varicocele, its sensitivity
probably is less than that of venography. Also,

the borderland between normal diameter and a
varicocele is not clearly defined. Does venous
reflux always signify a varicocele?

A rare varicocele is intratesticular and simply
represents a dilated intratesticular vein. These
intratesticular varicoceles range from bilateral
to unilateral, and about half are not associated
with an extratesticular varicocele. Ultrasonog-
raphy detects these varicoceles as dilated ser-
piginous intratesticular veins close to the
mediastinum testis. Doppler US confirms a low-
flow state, which varies with the Valsalva
maneuver. Care is necessary with US to differ-
entiate between an intratesticular varicocele
and tubular ectasia.

Magnetic resonance imaging of an intrates-
ticular varicocele reveals a tortuous tubular
structure hypointense on T1- and T2-weighted
images; it had the same signal intensity as tes-
ticular parenchyma. The more common extra-
testicular varicoceles have a serpiginous course
and a varied signal intensity, depending on 
flow. They enhance on immediate postcontrast
images.

Scintigraphy is not commonly used to evalu-
ate varicoceles. Occasionally detected is retro-
grade blood flow in the internal spermatic vein.
Relative blood-pool activity in each hemiscro-
tum appears to correlate with the presence of a
palpable varicocele, but the relevance of such
scintigraphy is not established.

Venography not only detects a varicocele but
also is used for therapy. Detachable balloons,
coils, and a number of foreign materials have
been tried with varying success rates.

During a Valsalva maneuver while upright,
infrared thermometry reveals an increase in
scrotal temperature in those with a varicocele;
after internal spermatic vein ligation, the scrotal
temperature decreases to that of controls.

Therapy

Considerable evidence suggests that early varic-
ocele treatment in pubertal boys prevents tes-
ticular growth arrest. Even in adolescents with
grade 2 or 3 varicoceles, within a year of varic-
ocele repair the involved testis increases in size.
The goal of therapy in individuals with infertil-
ity is to improve sperm density and sperm
motility. Varicocelectomy even of a unilateral
varicocele results in an improvement.
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Prior to therapy, it appears worthwhile to
ensure that the underlying kidney is normal.
Traditional therapy of a varicocele is open
extraperitoneal repair. Recurrence is greater
with spermatic vein ligation, but the risk of
major complications, including testicular
ischemia and hydrocele, increases with sper-
matic cord venous channel ligation. Currently
percutaneous embolization using either stain-

less steel occluding spring coils or sclerotherapy
is more common.Alternative therapy consists of
detachable embolization balloons and laparo-
scopic varicocelectomy (Fig. 13.12). Initial 
spermatic vein phlebography helps establish
underlying anatomic variants Current evidence
suggests that in infertile men no significant dif-
ference in outcome exists between surgical lig-
ation and percutaneous embolization.

Figure 13.12. Left varicocele embolization. A: The left spermatic vein and
pampiniform plexus are markedly dilated. B: The spermatic vein was catheter-
ized via the left renal vein and contrast injected. C: Spermatic vein is occluded
with a detachable balloon. (Courtesy of Oscar Gutierrez, M.D., University of
Chile, Santiago, Chile.)
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A long-term study of almost 1500 patients
with varicoceles using basilic vein access
achieved a success rate of 82% for sclerotherapy
and 84% for a combination of sclerotherapy and
embolization (90); therapy could not be per-
formed in 7% of patients due to basilic vein
spasm, catheterization difficulties, or anatomic
variation. Some published successful percuta-
neous varicocele treatment rates are >90%.

Persisting or recurrent varicoceles are gener-
ally due to collateral vessels. A combination of
endovascular occlusive metal coils—which is
comparable with surgical ligation, and a scle-
rosing agent—which diffuses and scleroses col-
lateral veins and thus decreases recurrence,
appears superior to separate use of these agents.
Others embolize silicone or latex balloons com-
bined with a sclerosing agent.

An intratesticular varicocele was treated by
transcatheter embolization of the spermatic
vein (93).

Is an intraoperative postligation venog-
ram necessary during varicocelectomy to
confirm the completeness of varicocele ligation?
Among boys with postoperative recurrent 
varicoceles, the presence of patent collateral
veins missed at initial surgical ligation caused
recurrence in 68%, ineffective vein ligation in
27%, and incompetence of extrafunicular 
plexus in 5% (94); missed collateral veins 
were due to the presence of either a double or
triple spermatic vein, venous bridges across the
surgical ligation, or extraperitoneal anasto-
moses. A minority of individuals have anasto-
moses with the portal or systemic veins—
among others, with the left colic vein, paraver-
tebral venous plexus, inferior mesenteric veins,
and splenic veins (91). Following surgical 
correction, recurrence usually consists of collat-
eral vessels running parallel to the original
varicocele. Knowledge of underlying anasto-
moses is necessary to prevent recurrence after
therapy.

Instead of a venogram, some surgeons use
Doppler US to identify accessory spermatic
veins and evaluate surgical results.

Prostatodynia (Pelvic Venous
Congestion)
Prostatodynia signifies pain referable to the
prostate. The relationship between prostatitis

and prostatodynia is murky, and the latter term
is occasionally used to describe clinically atypi-
cal prostatitis. Prostatodynia is a clinical diag-
nosis while pelvic venous congestion is an
objective finding based on imaging data.
Although many men with prostatodynia do
have pelvic venous congestion, these terms are
not synonymous.

Endorectal US and transperineal color
Doppler US detects intrapelvic venous conges-
tion. Typical 3D MR venography findings of
pelvic venous congestion consist of dilated and
often thickened prostatic capsular veins, puden-
dal plexus, and the plexus posterior to the
bladder. Three-dimensional MR images provide
a global view.

Ischemia
The most common cause of testicular ischemia
and atrophy is testicular torsion (discussed
earlier; see Testicular Torsion). Penile gangrene
and necrosis develop in patients with chronic
renal failure; presumably gangrene is ischemic
in nature due to progressive vascular calcifi-
cations (calciphylaxis) induced by secondary
hyperparathyroidism developing with chronic
renal failure. Other causes include infection,
trauma, and some vasculitides, such as pol-
yarteritis nodosa. Emphysematous infarction is
a complication of epididymo-orchitis. Testicular
infarction develops in sickle cell disease. A rela-
tively new diagnosis is segmental testicular
infarction; MR appears to be the imaging
modality of choice for this condition, which is
treated with watchful waiting and which reveals
eventual partial or complete revascularization
(95,96). Penile necrosis has been reported after
coronary artery bypass graft (97).

Neonatal testicular infarction is rare. These
infarctions can be segmental.

Imaging findings early in the course of an
infarction tend to mimic those of a neoplasm.
Scintigraphic appearance (using Tc-99m-
pertechnetate) of scrotal cellulitis has simulated
testicular infarction (98).

Ultrasonography of an infarction reveals a
diffuse, inhomogeneous echo pattern. At this
stage Doppler US reveals hypoperfusion.
Without adequate therapy the testes eventually
atrophies and often dystrophic calcifications
develop.
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Leriche’s Syndrome
Contrast-enhanced magnetic resonance angiog-
raphy (MRA) can detect Leriche’s syndrome
(occlusion of distal aorta) and, in fact, often 
provides better femoral artery visualization
than does intraarterial digital subtraction
angiography (DSA). A 3D MRA classification of
Leriche’s syndrome is based on the level of
aortic occlusion: (1) juxtarenal; (2) infrarenal
but cranial to the inferior mesenteric artery
origin; and (3) caudal to the inferior mesenteric
artery (99).

Acquired Immune Deficiency
Syndrome (AIDS) Related
Prostatic tubercular abscesses develop in men
with AIDS. Epididymo-orchitis is not uncom-
mon and tends to be more severe than in 
non-AIDS patients. Unusual opportunistic
pathogens are common. At times MRI reveals
obliteration of interlobular septa and mimics a
cancer. Some of these infections evolve into an
epididymocutaneous fistula.

Testicular stromal tumors have developed in
HIV-infected men. Fournier’s gangrene can also
be initial presentation of an HIV patient.

Postoperative Changes
Prostate
A false urethral passage may not fill with contrast
after prostatic surgery and thus be missed on a
voiding cystourethrogram. At times an intro-
duced catheter elevates an adjacent mucosal flap
and identifies the false passage. If needed, US is
useful for guidance in inserting a catheter.

Urinary incontinence is a complication after
prostatectomy. Evaluation of the bladder outlet
sphincter mechanism in these patients is dis-
cussed in Chapter 11.

Anecdotal reports describe a gossypiboma
(retained surgical sponge) after radical prosta-
tectomy and pelvic lymph node dissection
resulting in recurrent bladder neck strictures.

Similar to other surgical procedures, a radical
retropubic prostatectomy is associated with
thromboembolic complications. Pelvic lympho-

celes and hematomas appear to have a role in
thrombi formation; postoperative pelvic US
detects most lymphoceles and hematomas,
although small collections are overlooked.

Postvasectomy
A vasectomy is associated with few com-
plications. Granulomas and cysts develop post-
vasectomy. Granulomas are probably secondary
to spermatozoal extravasation and a resultant
inflammatory response. Extravasation presum-
ably is secondary to increased pressure in epi-
didymal tubules. The epididymis enlarges.

A granuloma appears as a hypoechoic 
tumor within either the epididymis or adjacent
structures.

Postbiopsy
Arteriovenous fistulas, detectable with color
Doppler US, occur with a minority of endorec-
tal prostate needle biopsies; almost all of these
fistulas close spontaneously.

Similar to other sites, US-guided transper-
ineal prostatic biopsy can result in perineal
tumor implantation.

Testicular US after testicular biopsy reveals 
a range of findings, such as focal hypoechoic
tumors ranging from well marginated to poorly
defined, peritesticular hyperechoic foci or linear
striations, and focal contour defects (100); some
of these findings even suggest a neoplasm, and
thus knowledge of a past biopsy is necessary.

Other Findings
After a pancreas–kidney transplant, with the
exocrine pancreatic drainage into the bladder,
anecdotal reports describe urethral disruption,
presumably secondary to enzymatic digestion.

Vesicourethral dysfunction is a complication
of radical rectal surgery. The bladder does not
empty normally. Radical transurethral prostate
resection appears effective in some.
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Part III
Other Structures



This chapter discusses the peritoneum, the
intra- and extra-peritoneal soft tissues, pelvic
structures, diaphragm, and the anterior abdom-
inal wall. The extraperitoneal abdominal struc-
tures are in continuity with the diaphragm
superiorly, pelvic structures inferiorly, and the
abdominal wall along both flanks. Some authors
prefer the term extraperitoneal rather than
retroperitoneal because it more accurately
reflects the location, especially for pelvic struc-
tures, but both terms are in use synonymously.

The intra- and extraperitoneal portions of the
gastrointestinal and genitourinary tracts and
other major organs are discussed in their
respective chapters.

Technique
Computed Tomography
Multislice computed tomography (CT), espe-
cially coronal and three-dimensional (3D)
reconstructions, are very useful in defining
extraperitoneal tumor spread and tissue planes.

Computed tomography fluoroscopy is useful
for guiding abdominal interventional proce-
dures which cannot be managed with ultra-
sonography (US). Intermittent CT fluoroscopy
using real-time fluoroscopic reconstruction at
six frames per second confirms the needle posi-
tion. Patient and operator radiation doses can
be decreased with CT fluoroscopy compared to
conventional CT guidance by limiting CT flu-

oroscopy to needle tip scanning rather than the
entire needle.

Computed tomography peritoneography is
occasionally useful in otherwise inapparent
hernias or suspected peritoneal leaks in patients
on peritoneal dialysis.

Ultrasonography
The primary limitations of abdominal US 
are the inherent physical limitations of this
technique and, less well appreciated among 
clinicians, its considerable dependence on the
operator. Proficiency in US, especially use of
newer techniques and contrast agents, requires
considerable training. Unskilled use of US is an
invitation to disaster.

New US techniques and addition of contrast
agents are changing this field. In the abdomen,
tissue harmonic US using pulse-inversion tech-
niques improves image quality and organ struc-
ture resolution compared to conventional US. A
further improvement in overall image quality
consists of combining tissue harmonic US with
real-time spatial compound US (1). Yet the type
of technique used may need to be tailored to
study indication; thus what is optimal for
detecting stone disease differs from is ideal in
tumor detection.

Similar to intraperitoneal structures, US is
useful for extraperitoneal lymph node biopsy. It
is efficacious for deep nodes as small as 1 cm in
diameter.

14
Peritoneum, Mesentery, and Extraperitoneal 
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Endoscopic US detects enlarged lymph node
and tumors. Aspiration biopsy can also be per-
formed using endoscopic US as a guide.

Probes for performing laparoscopic US allow
the surgeon to increase visualization of sur-
rounding structures. Such laparoscopic US has
a high sensitivity in detecting liver and other
metastases. Overall, it improves tumor staging,
but additional trocar sites are necessary for the
US probe and laparoscopy is prolonged.At some
sites the insufflated carbon dioxide makes probe
contact with an organ in question more difficult;
at times instilling saline into the peritoneal
cavity is helpful.

Magnetic Resonance Imaging
Echo planar imaging is a fast imaging technique
with images obtained in 50 to 150 msec. Breath-
ing and peristaltic artifacts cause little image
degradation with such fast scanning and rela-
tively high-resolution images are obtained with
a single breath hold.

Magnetic resonance imaging (MRI) is use-
ful in differentiating extraperitoneal from
intraperitoneal tumors. The superior magnetic
resonance (MR) soft tissue contrast resolution
(compared to CT) makes it more suitable for
identifying tumor margins and tumor infiltra-
tion of adjacent structures. Similar to CT, a fast
MRI technique, together with intraperitoneally
instilled saline, visualizes the peritoneal sur-
faces, omentum, and adjacent mesentery; saline
also aids intraperitoneal tumor visualization.
Various intraperitoneal recesses are identified.
In distinction to CT, retained barium in the
bowel does not create artifacts on MRI.

Any fibrosis is accentuated against back-
ground fat on T1-weighted spoiled gradient
echo (SGE) images. Tumors, abscesses, and
other inflammation are best evaluated on intra-
venous (IV) contrast-enhanced images.

No uniform definition of MR lymphography
exists. Whether a conventional MR study focus-
ing on lymph nodes should be called MR lym-
phography is a matter of definition. Often a
more appropriate study consists of heavily T2-
weighted images processed using maximum
intensity projection accentuating stationary or
very slowly flowing fluid, similar to magnetic
resonance cholangiopancreatography (MRCP);
a limitation of such a study of retroperitoneal
structures is incomplete suppression of signals
from veins.

Ultrasmall superparamagnetic iron oxide
(SPIO) particles are of potential use in MR lym-
phography (these agents are discussed in more
detail in Chapter 7). Using SPIO as an endolym-
phatic contrast agent results in contrast uptake
by normal lymph nodes but not by those
replaced by tumor. Potentially, nodal uptake
occurs even after IV injection if the iron oxide
particles are sufficiently small. Magnetic reso-
nance imaging is typically performed 24 to 36
hours after IV infusion of these contrast agents.
The use of IV SPIO in patients with suspected
lymph node metastases results in additional
diseased nodes being detected than with pre-
contrast scans. Normal lymph nodes decrease 
in signal intensity on enhanced T2-weighted
and T2*-weighted gradient-echo images, indi-
cating uptake of this contrast agent, but nodes
infiltrated by tumor have no appreciable con-
trast uptake and thus reveal no signal change on
pre- and postcontrast images (2). Also, postcon-
trast, T1-weighted signal intensity increases in
metastatic nodes, probably due to altered node
capillary permeability. These findings are not
absolute, and nodes involved by benign disease
also tend not to take up contrast.

Scintigraphy
Radionuclide agents used to image inflamma-
tion and abscesses are gallium 67, indium-
111–labeled leukocytes and technetium-99m
(Tc-99m)–labeled leukocytes. Imaging with Ga
67 is performed 48 to 72 hours after injecting
the radionuclide; because one of its excretion
pathways is via the colon, residual colonic activ-
ity interferes with abscess detection, although to
a large degree single photon emission computed
tomography (SPECT) imaging overcomes this
limitation. Indium 111 is cyclotron produced
and is not as readily available as the other
agents. It is distributed primarily in the liver,
spleen, and bone marrow, and bowel activity is
less of a concern than with the other two agents.
Labeled leukocyte scintigraphy requires in vitro
labeling of a sample of the patient’s blood with
either In 111 or Tc-99m–hexamethylpropyle-
neamine oxime (HMPAO), a somewhat involved
procedure. Most of the nucleotide is labeled to
neutrophils, and thus this procedure is most
useful for neutrophil-involved inflammatory
conditions.

Indium-111–satumomab pendetide (Onco-
Scint) is the first murine origin monoclonal
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antibody approved by the Food and Drug
Administration for tumor imaging, a technique
termed immunoscintigraphy. This specific 
antibody attaches to a colorectal or ovarian
cancer–associated antigen and the attached
radionuclide allows cancer detection. Either a
diagnostic or therapeutic procedure is possible
depending on the radionuclide selected. Its
primary use is with suspected intraabdominal
metastases, including carcinomatosis. False-
positive tests do occur with satumomab pende-
tide. In an occasional patient increased upper
abdominal uptake persists for days in regions of
chronic inflammation. Isotope uptake in a non-
functional adrenal adenoma has resulted in
false-positive results.

Lymphoscintigraphy assesses the lymphatic
system and, for the most part, has replaced
direct lymphography. It is a useful study to
investigate chyluria, chyloperitoneum, and 
chylothorax. Multiple views are obtained for
several hours after intradermal injection of Tc-
99m–sulfur colloid. Both lymphatic channels
and nodes can be evaluated, and the study is
used to detect lymphatic obstruction and
fistulas. More lymphatic channels and more
lymph nodes are visualized using smaller filtra-
tion, thus increasing diagnostic certainty in
detecting diseased lymph nodes.

The current primary clinical application of
positron emission tomography (PET) is to
detect cancer using the positron-emitting com-
pound 2-[18F]-fluoro-deoxy-D-glucose (FDG).
Transported across cell membranes of metabol-
ically active tumors, the deoxy component of
FDG prevents further metabolization, leading 
to intracellular accumulation and an increase 
in tumor-to-background of fluorine 18. The
amount of FDG accumulating within a tumor is
proportional, within broad limits, to the degree
of malignancy. Thus in a setting of a tumor of
unknown significance detected by another
imaging modality, PET suggests whether the
tumor is benign or malignant, depending on its
metabolic activity. In the abdomen, PET is most
useful for lymphoma, colon cancer, and metas-
tases from melanomas and lung and breast 
carcinoma. It has a role in tumor staging and
appears to be of prognostic significance. In
general, increased tumor metabolic activity
signifies a worse prognosis. Positron emission
tomography is also useful after cancer therapy.
Its ability to detect recurrent or residual meta-
bolically active tumor is independent of under-

lying distortion due to fibrosis, and such tumor
detection is superior to what is currently 
available with CT or MRI. Combining PET 
and CT images improves tumor localization
significantly compared with each modality
alone.

Test results are degraded by urinary and
colon retention of FDG. These artifacts can be
minimized by a colon cleansing regimen,
patient hydration after FDG injection, adminis-
tration of furosemide and bladder drainage and
instillation of normal saline into the bladder
prior to pelvic scanning. Use of oral Gastro-
grafin to outline the intestines during a com-
bined PET-CT study does not degrade FDG
images. A limitation of FDG-PET in detecting
small tumors is its minimal spatial resolution of
about 5 mm. Also, inflammation does lead to
false-positive PET results, influencing detection
specificity. Recurrent or residual tumor detec-
tion is thus best studied after postoperative
inflammation has subsided.

Positron emission tomography using oxygen-
15–labeled water provides information on tissue
perfusion; it is mostly a research tool with
limited current clinical use.

Lymphography
Performed more often prior to the introduction
of CT, MR, and lymphoscintigraphy, the current
indications for lymphography have decreased
considerably. It is a relatively prolonged, det-
ailed procedure liked by few radiologists and
even fewer radiology residents.

Although CT will detect an enlarged node,
differentiation between most benign and malig-
nant is not possible. Lymphography, on the
other hand, can identify internal derangement
even in a normal-sized node infiltrated by
tumor.

The older literature reported rare but var-
ied complications with lymphography, mostly
related to contrast overinjection (3), including
embolization to brain; a right-to-left cardiac
shunt is responsible for some of these 
complications.

Peritoneography
Direct peritoneography using either a contrast
agent or its scintigraphic counterpart has
limited indications and is rarely performed. One
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use is in a setting of peritoneal carcinomatosis
prior to chemotherapy through a catheter
implanted in the abdominal wall to evaluate
drug distribution.

Biopsy
Either a conventional large core needle or a fine-
needle aspiration technique is used for percuta-
neous biopsy of suspicious tumors; fine-needle
aspiration is often preferred, but especially with
benign lesions it achieves a low success rate. On
average, core needle biopsies obtain a specific
diagnosis in over 90% of biopsies, while fine-
needle aspirations average only about 50%; the
complication rate, chiefly bleeding, is grossly
similar with both techniques.

Either CT or US (and occasionally fluo-
roscopy) is used for biopsy localization and
other percutaneous interventional procedures.
In general, in most hospitals US equipment is
more readily accessible, the study is quicker, and
it results in faster patient throughput.

Special interventional equipment designed to
be used with MR guidance is available. Little
used at present, MR interventional radiology is
undergoing rapid expansion with tissue biop-
sies, fluid drainages, and guidance of other per-
cutaneous therapeutic procedures. An open
magnet provides ready patient access.

Endoscopic US-guided fine-needle aspiration
biopsy is useful for diagnosis and staging 
of malignancies. Diagnostic sensitivities and
specificities of about 90% are achieved with
both extraluminal tumors and lymph nodes.

Nerve Block
Celiac plexus and splanchnic nerve block pro-
vides pain palliation for patients with unre-
sectable upper abdominal malignancies. This
technique was initially designed to be per-
formed using fluoroscopic guidance, although
CT provides more accurate guidance. An
alcohol-contrast agent combination provides
localization.

Congenital Abnormalities
Situs
Situs refers to orientation of certain organs to
the midline. In general, the bilobed lung, left

atrium, descending aorta, spleen, and stomach
are all located on one side of the body. When
these structures are normally placed on the left
side the condition is called situs solitus. Situs
inversus is a mirror image and results when
these structures are on the right side and the
trilobed lung, right atrium, inferior vena cava,
gallbladder, and liver are on the left (Fig. 14.1).
The prevalence of situs inversus is about 1 
in 10,000. These patients are at an increased 
risk for nasal polyposis, chronic sinusitis, and
bronchiectasis (Kartagener’s syndrome) and a
higher than normal risk for congenital heart
disease.

Situs inversus can be associated with multi-
ple spleens and other defects. Often a conven-
tional radiograph is a good starting point in
evaluating these anomalies.

Heterotaxy Syndrome
The term heterotaxy, or situs ambiguous,
describes complex congenital abnormalities dif-
fering from situs solitus or situs inversus. Some
authors use the terms asplenia and polysplenia
to subdivide heterotaxy into specific categories,
but these classifications are incomplete and at
times confusing. Others use the terms left and
right isomerism.

Figure 14.1. Situs inversus in an 85–year-old woman. Polysple-
nia is present on the right (arrows). The stomach is also on the
right.
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Complex familial inheritance patterns 
exist for heterotaxy. An X-linked recessive
inheritance appears to account for a male 
preponderance.

These patients usually have complex congen-
ital cardiac abnormalities that tend to over-
shadow abdominal findings. Complex bowel
rotation anomalies are encountered with both
right and left isomerism. Aortic and gastric
positions are variable. Right-sided isomerism
results in asplenia. The liver extends across both
upper quadrants of the abdomen. Some of these
patients have a left-sided inferior vena cava.
Gallbladder duplications occur in right-sided
isomerism.

Heterotaxy with left abdominal isomerism
results in polysplenia. Cardiac anomalies tend to
be less severe than in asplenia. Most patients
have azygous continuation with interruption of
the inferior vena cava. The spleen(s) is (are) 
on the same side as the stomach. An absent 
gallbladder is more common in left-sided 
isomerism. An association exists between poly-
splenia and biliary atresia. Midgut malrotation
is a common associated finding, and midgut
volvulus develops in some of these infants.

Traditionally, heterotaxy has been evaluated
with angiocardiography. While both CT and
pulse and color Doppler US are helpful in out-
lining some anomalies, MRI is evolving as the
preferred modality.

Liver/spleen scintigraphy detects splenic
tissue in suspected heterotaxy; in some infants
with negative planar imaging, the presence of
splenic tissue is shown by SPECT.

Abdominal Wall Defects
Bladder exstrophy is discussed in Chapter 11.
Cloacal malformations are discussed in Chapter
12.

Omphalocele

Failure of the abdominal wall to close normally
results in several defects.A defect cephalic to the
umbilicus results in a supraumbilical ventral
hernia, anterior diaphragmatic defects, and
related conditions. Additional failure of lateral
wall fusion results in an omphalocele. The
degree of visceral herniation depends on the
size of the defect. Peritoneum covers the viscera,

and the defect is obvious. Associated bowel 
malrotation is common.

Prognosis in these neonates is often limited
by other associated abnormalities, at times
major. The abdominal organs tend to be malpo-
sitioned, leading to unusual imaging findings.

Gastroschisis

Defects in gastroschisis involve the lateral
abdominal wall. The gross appearance is similar
to that of an omphalocele, but with gastroschi-
sis the umbilicus is in its normal position.
Among infants with gastroschisis, about two
thirds have a simple defect, and in one third
complex defects are identified, ranging from
bowel atresia, stenosis, and perforation, to
volvulus (4); survival of those with a simple
defect was 100%, but those with a complex
defect had a mortality rate of 28%.

Neonates with gastroschisis are often pre-
mature. Small bowel dysmotility and a pro-
longed transit time are common. Conventional
radiography often reveals bowel wall thickening
and lumen dilation. Delayed barium transit sug-
gests obstruction, although actual small bowel
obstruction is uncommon. Bowel atresia, if
present, does result in a high mortality.

After surgical repair of gastroschisis these
infants are at increased risk for necrotizing
enterocolitis, although even then overall sur-
vival rate is quite high.

Prune Belly Syndrome (Eagle-Barrett
Syndrome)

The prune belly syndrome, named after the lax,
wrinkled abdominal wall seen in this condition,
consists of abdominal wall hypoplasia, geni-
tourinary anomalies—including bilateral cryp-
torchidism in males—and other, at times major,
systemic abnormalities. Occurring mostly in
males, the more severely affected neonates die
shortly after birth. An incomplete expression of
this syndrome exists, and some neonates have
only mild manifestations. Unilateral abdominal
wall hypoplasia also occurs. An association
between congenital cytomegaloviral infection
and prune belly syndrome has been raised, but
the precise etiology is unknown.

A minority of these neonates have a ure-
thral obstruction such as atresia or valves;
most, however, have functional bladder outlet
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obstruction. A voiding cystourethrogram rev-
eals a hypertrophied bladder wall. The presence
of a urachal remnant is also common.
The prostatic urethra is dilated, and a dilated
prostatic utricle is often seen. Vesicoureteric
reflux is common into dilated, aperistaltic
ureters. Renal dysplasia is identified in some
patients.

Diaphragmatic Abnormalities
Diaphragmatic development is complex, with
the ventral portion evolving from the septum
transversum and the dorsal portion originat-
ing from the pleuroperitoneal membrane. A
Morgagni hernia anteriorly or a Bochdalek
hernia posteriorly is a result of incomplete for-
mation of these two diaphragmatic segments. A
Bochdalek hernia is more common, usually is
on the left, and can be massive to the point that
respiratory distress is evident.

Diaphragmatic agenesis is occasionally
detected in an asymptomatic adult. Imaging
reveals associated herniation of colon, small
bowel, and even kidney into the chest, together
with a hypoplastic underlying lung.

Inadequate striated muscle development
leads to diaphragmatic eventration. Eventration
can be complete or partial. When extensive,
imaging findings mimic a diaphragmatic her-
nia. Minor diaphragmatic eventration is of little
significance and tends to resolve with age. A
partial eventration is difficult to detect in
neonates.

Conventional radiography detects most
diaphragmatic hernias, although US is useful
not only for diagnosis but also for follow-up. A
peroral contrast study is generally diagnostic.

Noonan’s Syndrome
Noonan’s syndrome is a mostly autosomal-
dominant condition with facial dysmorphism, a
number of congenital cardiac defects, and short
stature. It is linked to the cardiofaciocutaneous
syndrome, and both probably represent a vari-
able expression of the same genetic defect. An
association also exists between neurofibromato-
sis type 1 and Noonan’s syndrome. The reason
for including this syndrome in a book on
abdominal disorders is that some of these indi-

viduals have abdominal lymphangiectasia, at
times involving the gastrointestinal tract. About
two thirds of children with Noonan’s syndrome
have poor feeding and gastrointestinal dysfunc-
tion—findings suggesting delayed gastrointesti-
nal motor development—and require tube
feedings. Also, a number of these patients suffer
from various bleeding disorders. In some,
lymphangiectasia is associated with pleural
effusions, lymphedema, or a protein-losing ent-
eropathy and a resultant hypoproteinemia.
Lymphangiectasia can be identified in these
individuals by lymphangiography, or, curren-
tly more often by lymphoscintigraphy, which
reveals dilated and tortuous abdominal and
pelvic lymphatic channels and abnormal lym-
phatic flow.

Computed tomography after bipedal lym-
phangiography in a 21-year-old man with
Noonan’s syndrome and protein-losing
enteropathy confirmed intestinal lymphangiec-
tasia (5). After cardiac catheterization, a 15-
year-old girl with this syndrome developed
cutaneous lymphatic fluid oozing from a groin
site (6).

Trauma
Unstable Patient
A hemodynamically unstable trauma patient
requires immediate resuscitation. Exploration is
considered in a patient with clinically evident
abdominal trauma who is unresponsive to
resuscitation. Imaging simply delays therapy in
such a setting. A possible exception is a limited
US study for intraperitoneal fluid while the
patient is being resuscitated, but keep in mind
the limitations of such a study.

Computed tomography of children in shock
reveals dilated, fluid-filled bowel; intense
enhancement of bowel wall, mesentery, pan-
creas, kidneys, and adrenal glands; and
enhancement of a smaller than normal aorta
and inferior vena cava (7). Similar but less 
pronounced changes are found in adults.

Stable Patient
A pneumoperitoneum in a trauma patient,
regardless of whether detected with conven-
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tional radiography or CT, generally is an indica-
tion for exploration. Other findings, such as
organ damage, peritoneal fluid, or a hematoma,
in a stable patient are more judgmental. In
some, whether to proceed with exploration in an
otherwise stable patient with imaging-evident
peritoneal fluid or organ damage is not clear,
and a policy of observation is adopted; a repeat
of appropriate imaging studies is often in order
for these patients.

Currently most minor liver and splenic
trauma is managed conservatively, although a
trend is evident toward nonoperative mana-
gement of hemodynamically stable patients 
even with more severe injury. Thus stable
patients even with a moderate amount of hemo-
peritoneum have been managed conservatively,
with no differences found between nonopera-
tive and operative groups in resultant abdomi-
nal complications and hospital length of stay
(8).

Penetrating Injury
The vast majority of gunshot wounds involving
the peritoneal cavity require surgical repair. The
diagnostic dilemma is determining which of
these injuries penetrate the peritoneum. Several
diagnostic peritoneal lavage studies in gunshot
wound patients achieved a sensitivity of and
specificity of over 95% in determining peri-
toneal penetration. To a large degree CT has
supplanted lavage in patients with penetrating
trauma, also achieving sensitivities and speci-
ficities of over 95% (9).

Most traumatic visceral artery aneurysms
(pseudoaneurysm) are due to penetrating
injury. A not uncommon scenario is a patient
who has surgery shortly after trauma, under-
goes arterial ligation, and then presents with a
gastrointestinal bleed several weeks later from
an aneurysm.

A reasonable approach in stable patients with
abdominal stab wounds is to obtain initial CT
or US, and in the absence of evidence for imme-
diate surgery to follow them with serial
imaging.

Diagnostic Peritoneal Lavage
In the 1980s diagnostic peritoneal lavage was
generally considered superior to CT, although

its use has decreased markedly over the last
decade, having been supplanted by CT and US.
Nevertheless, an occasional clinician still rec-
ommends that lavage be performed first in a
setting of blunt trauma if no contraindications
exist.

Diagnostic peritoneal lavage relies on detect-
ing blood in the peritoneal cavity. Generally 
an arbitrary threshold for a positive test, such 
as 10,000 red blood cells per cubic millimeter,
is assumed. A higher threshold increases the
missed injury rate and a lower one increases the
false positive rate. The advantages of diagnostic 
peritoneal lavage include its simplicity and 
its relatively high sensitivity in detecting intra-
peritoneal blood. It does not evaluate the sever-
ity of injury, and thus is limited in predicting a
need for surgery. It is insensitive for retroperi-
toneal injuries. Even with intraperitoneal
injuries, it may miss blood in patients with 
previous abdominal surgery and extensive
adhesions.

A comparison of diagnostic peritoneal lavage
and CT in patients with blunt trauma is difficult
because each study evaluates different findings.

Peritoneal Fluid
Although a number of investigators believe that
US readily detects intraperitoneal fluid, less
often discussed is how much fluid is necessary
for detection with US. In a blinded prospective
study of 100 patients undergoing diagnostic
peritoneal lavage, continuous US scanning of
Morison’s pouch revealed that the mean volume
of infused fluid first detected was 619 mL and
that detection sensitivity after infusing 1 L was
97% (10). Even keeping in mind that intraperi-
toneal fluid appears to be twice as common in
the pouch of Douglas than in Morison’s pouch,
statements in the literature about small, moder-
ate, and large amounts of fluid detected with US
should be viewed with a jaundiced eye.

Multiple US scans are necessary to detect
abnormal fluid; a single view, such as only of
Morison’s pouch, misses intraperitoneal fluid in
a number of patients. In general, in patients with
acute trauma evaluated with US, the sensitivity
for detecting free fluid is about 65% to 80% and
the specificity about 95%, with free fluid in the
pelvis being the most common reason for a
false-negative finding. Most peritoneal fluid
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detected after trauma represents blood; less
common is urine, bile, or intestinal content. Pus
and chyle develop if presentation is delayed.

The presence of intraperitoneal fluid corre-
lates with injury but does not predict whether
surgery will be necessary. Surgical teaching
often mandates laparotomy after blunt trauma
if isolated intraperitoneal fluid is detected by
imaging, yet this is a complex and controversial
topic. In general, blunt trauma patients eventu-
ally requiring laparotomy have more intraperi-
toneal fluid than those managed conservatively;
an association also exists between the amount
of mesenteric fluid and mesenteric laceration.

General Imaging Considerations
Multiorgan damage is common in major
trauma; thus a finding of an abnormal collec-
tion of intra- or extraperitoneal fluid is not nec-
essarily due to a visible liver or splenic injury,
but could also represent a synchronous mesen-
teric or bowel injury. A US study of over 1000
women of reproductive age with blunt trauma
concluded that fluid isolated to the cul-de-sac is
likely physiologic, but those with free intraperi-
toneal fluid usually have clinically important
abdominal injuries (11).

If one has the luxury of time, chest and
abdominal radiography are reasonable studies,
although if CT is available, a strong argument
can be made for using it initially. The ready
availability of diagnostic CT and its ability to
detect other conditions continue to expand the
indications for CT in patients with abdominal
trauma, and in many centers CT is the first
imaging examination performed in a hemo-
dynamically stable patient with a suspected
intraabdominal injury. Exceptions include the
hemodynamically unstable patient, one with an
immediate life-threatening condition, or the
patient who is to undergo emergent surgery for
nonabdominal trauma.

In spite of an occasional admonition by emer-
gency physicians, radiologists in the United
States administer both IV and oral contrast
prior to CT to most trauma patients. Very few
complications due to contrast are reported. An
extensive literature exists on IV contrast reac-
tions, and this topic is beyond the scope of this
book. Most radiologists believe that oral con-
trast aids in study interpretation, and that the
advantages of contrast use outweigh any possi-

ble disadvantages. Gastroesophageal reflux and
aspiration is uncommon even in obtunded or
uncooperative patients, and oral contrast is
often administered through a nasogastric tube.
Lung contrast results if contrast is instilled
through a tube placed into a bronchus. The oral
iodinated contrast agents used in CT are hypo-
osmolar and should not be compared to hyper-
osmolar full-strength contrast agents employed
for other examinations.

A pneumoperitoneum can develop after 
chest trauma. Some of these patients also have
an associated pneumothorax, pneumomedi-
astinum, or a retropneumoperitoneum. The
pneumoperitoneum can generally be identified
with conventional radiography, although occa-
sionally it is detected only with CT.

The vital signs of trauma patients are gener-
ally being monitored, and an imaging study
should not be relied on to detect hypotension.
Nevertheless, on a contrast-CT study the pres-
ence of a prolonged nephrogram without excre-
tion into collecting systems should suggest
hypotension. A collapsed inferior vena cava
should suggest hypovolemia, with or without
hypotension. Likewise, the spleen may become
smaller than normal. Small bowel ischemia,
manifesting as diffuse bowel wall thickening,
may develop.

Computed tomography evaluates both the
presence of fluid and organ injury. At times a 
CT study is equivocal. If surgical exploration 
is not contemplated, repeat CT is often help-
ful in monitoring the progression of any 
abnormalities.

In some institutions, especially outside the
United States, US rather than CT has replaced
diagnostic peritoneal lavage and is often used as
a screening modality for suspected abdominal
trauma. Use of US in trauma patients has 
generated strong opinions. Statements such as
CT “. . . is costly, time-consuming, requires 
sedation, and may be associated with complica-
tions in young children . . .” while US “. . . is
quick, noninvasive, repeatable, and cost-
effective . . .” have appeared in the trauma liter-
ature (12). Numerous studies extol the virtues of
US in trauma patients, yet operator experience
is difficult to place in perspective. Pediatric sur-
geons in particular advocate US as a triage tool
in pediatric trauma patients and believe that it
alone is sufficient to evaluate children after
blunt abdominal trauma. Some believe that only
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those with abnormal US should be further
studied with CT, a conclusion of dubious 
validity.

Advocates of US in a setting of trauma rely
primarily on detecting intraperitoneal fluid, yet
such reliance as a sole indicator of visceral
injury does not appear warranted. Although a
minority, some patients with later proven vis-
ceral injuries develop little or no hemoperi-
toneum. Nevertheless, screening US studies in
patients with blunt abdominal trauma have
published sensitivities of 85% to 95% for detect-
ing injuries severe enough to require laparo-
tomy. Abdominal US is considered positive if
either intra- or retroperitoneal fluid is detected.
False negative studies include retroperitoneal
injury, bowel injury and intraperitoneal solid
organ injury without presence of a hemoperi-
toneum. Yet critical analyses of US point to a
study of limited value. Major organ damage 
is missed and active hemorrhage is not iden-
tified. The bowel and pancreas are poorly 
visualized. In a trauma setting, the superiority
of CT over US has been established by a number
of studies. In one study, CT revealed fluid,
organ injury, or both in 33% of consecutive chil-
dren with blunt abdominal trauma (13); the sen-
sitivity and specificity of US for fluid detection
only was 47% to 59% and 79%, respectively (for
two observers), and the sensitivity and
specificity of US when fluid and organ injury
were considered was 65% to 71% and 71% to
79%, respectively; the authors concluded that
the low US sensitivity suggests that “a normal
screening sonography alone in the setting of
blunt abdominal trauma fails to confidently
exclude . . . intraabdominal injury” (13). Ultra-
sonography can probably be justified, however,
in those institutions lacking the ready availabil-
ity of CT.

At times CT is used in patients with minimal
trauma to decide whether to discharge a patient
or not. Ultrasonography is generally considered
not adequate to answer this question and many
trauma US studies rely on keeping a patient
under observation for some time.

Currently MR is not considered appropriate
for screening trauma patients.

Diagnostic/therapeutic laparoscopy has been
performed in patients with suspected abdomi-
nal trauma, with conversion to open exploration
as needed. The role for such laparoscopy is yet
to be established.

Bowel Injury/Perforation
In a trauma setting, CT detection of peritoneal
fluid, in the absence of any visible solid organ
injury, suggests bowel injury.About half of these 
patients have small bowel or diaphragmatic
injury, although isolated intraperitoneal fluid
can be associated with unsuspected injury from
bowel and mesenteric injuries, to solid organ
trauma.

Complicating the issue is that some patients
with subsequently detected major bowel injury
have no hemoperitoneum on admission CT and
US, but bowel and mesenteric injury is detected
only hours later; even then, bowel and mesen-
teric injury can be difficult to diagnose. Cur-
rently such injury is probably best studied with
CT. Both IV and oral contrast are helpful. A
prospective CT study achieved a sensitivity of
only 64% but a specificity of 97% in detecting
bowel injury in patients with blunt abdominal
trauma (14); findings used to detect bowel
injury included mesenteric infiltration, bowel
wall thickening, extravasation either of vascular
or enteric contrast, and the presence of pneu-
moperitoneum. Bowel wall thickening, in par-
ticular, is difficult to put in proper perspective
as a finding of major bowel injury. If associated
with a mesenteric hematoma, sufficiently severe
mesenteric or bowel injury is generally pre-
sumed to warrant considering surgery. On 
the other hand, a focal mesenteric hematoma
without adjacent bowel wall thickening occurs
both in those patients requiring surgery and
those who do not. Computed tomography has 
a high specificity in detecting a mesenteric
hematoma. Nevertheless, the true accuracy of
CT in establishing major bowel or mesenteric
injury is difficult to judge, and published con-
clusions vary.

With a perforation, imaging rarely identifies
bowel wall discontinuity. Intraperitoneal spill of
oral or rectal contrast identified by CT is usually
assumed to represent a bowel perforation, but
although diagnostic, it is rarely detected. Spill of
instilled contrast from a urinary tract perfora-
tion is in the differential diagnosis.

In pediatrics the role of CT in detecting bowel
perforation appears even more limited than in
adults, and CT identifies small bowel injury only
in a minority. Clinicians should be aware of this
CT limitation and not be lulled into a false sense
of security, leading to a delay in surgery.
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Mesenteric stranding, often in association
with adjacent blood, suggests mesenteric injury,
although laceration of an adjacent loop of bowel
results in similar findings.

With rare exceptions, the presence of extra-
luminal gas (either pneumoperitoneum or
extraperitoneal gas) is diagnostic of bowel per-
foration. Extraluminal gas is readily detected
with both conventional radiography and CT.
The inability to reliably and consistently detect
a pneumoperitoneum is a limitation of US.

The small bowel normally contains little gas,
and a number of bowel perforations manifest
later as an intraabdominal abscess rather than
as an immediate pneumoperitoneum. Colo-
nic perforation, on the other hand, commonly
results in a pneumoperitoneum, which is readily
detected. Other indirect signs for perforation
include intraperitoneal fluid, bowel wall thick-
ening, bowel wall contrast enhancement, and
bowel lumen dilation. None of the latter signs is
specific for a perforation.

Bleeding

Bleeding leads to mesenteric or bowel
hematomas, identified by CT as hazy streaking
in mesenteric fat, or results in peritoneal or
extraperitoneal fluid. Computed tomography
scans of direct extravasation of IV contrast is
evidence of active bleeding, and such bleeding
in a setting of trauma is assumed to represent
an injury to the involved viscera. Diffuse
extravasation is implied by detecting
extravasated contrast material, keeping in mind
that extravasated contrast usually has a lower
attenuation than the aorta. Not all intra- or
extraperitoneal bleeding is due to trauma;
a ruptured aneurysm, a vessel weakened by
tumor, anticoagulation therapy, or even venous
obstruction and superimposed ischemia lead to
bleeding and hematoma formation. Other rare
causes of hemorrhage include severe pancreati-
tis or even an intraabdominal pregnancy.

Intraperitoneal blood pools in dependent
spaces. Thus with upper abdominal bleeding a
common site is Morison’s pouch and subphrenic
spaces. More inferior locations include para-
colic gutters and pouch of Douglas.

Computed tomography attenuation of
intraperitoneal blood varies with age; initially it
is isodense to intravascular blood. Hemoglo-
bin concentration when blood clots, occurring

within several hours, raises the attenuation to
over 50 Hounsfield units (HU). Subsequent 
clot lysis, in a matter of days, gradually leads to
an attenuation decrease, and in several weeks
may approach the attenuation of water. Lower
CT attenuation values are found in patients with
preexisting anemia or if blood mixes with
ascites or other fluid; thus fluid having a low
attenuation does not exclude acute bleeding.

A hematoma often is not homogeneous in
appearance. The rate of clot lysis in a hematoma
varies, and a lower attenuation may be present
at the periphery. Likewise, intermittent bleeding
leads to simultaneous clotting and lysis and
results in regions containing different attenua-
tion values. If contrast-enhanced CT is per-
formed during active arterial bleeding, the
extravasating blood is isodense to adjacent arte-
rial blood. Invariably an associated hematoma is
present. A recent bleed can be denser than the
rest of a hematoma, and such a sentinel clot
tends to be located close to the site of bleeding.

At times nonhemorrhagic ascites also
enhances with CT IV contrast.

The MR appearance of a hematoma (and
intraperitoneal blood) also varies depending 
on clot age. Within a day or so of bleeding a
hematoma is hypointense on both T1- and T2-
weighted images. Then within several days it
gradually becomes isointense to hyperintense
on T1- but remains hypointense on T2-weighted
images. This prominent hypointensity on T2-
weighted images allows differentiation of blood
from ascites, which is very hyperintense on T2-
weighted images. A pneumoperitoneum is also
hypointense on T2-weighted images, but other
MR sequences and the relative location of gas
versus fluid in the peritoneal cavity allow dif-
ferentiation. Within a week or so a hematoma
becomes hyperintense on both T1- and T2-
weighted images, but while evolving to this stage
some hematomas reveal a hyperintense rim sur-
rounding a hypointense central portion on T1-
weighted images. Eventually, if fibrosis develops
around a prior hematoma, a hypointense rim on
both T1- and T2-weighted images encloses this
region.

Diaphragmatic Injury
Diaphragmatic injury is one cause of visceral
herniation into the chest. A majority of hemidi-
aphragmatic ruptures occur on the left side.
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The most common site for rupture is at the
diaphragmatic dome, and the least common is
at the rib muscular insertions (15). A number of
these posttraumatic diaphragmatic ruptures are
not initially apparent; herniation increases in
size with time, and thus delayed imaging is nec-

essary. Some of these hernias are detected only
months later. Intubation appears to hinder the
detection of diaphragmatic rupture. Thus an
initial chest radiograph or CT detects only
about half of diaphragmatic ruptures (Fig. 14.2).
These hernias became clinically symptomatic
from days to years after trauma, and either con-
ventional chest radiographs or upper gastroin-
testinal studies are diagnostic (Fig. 14.3).
Strangulation of intestinal content has devel-
oped, including delayed gastric perforation into
the pleural cavity.

A rare cause of diaphragmatic rupture is car-
diopulmonary resuscitation.

Computed tomography detection sensitivi-
ties for diaphragmatic rupture are disappoint-
ing, especially for right hemidiaphragmatic
rupture, and are of limited use; keep in mind
that detection rates vary with time after trauma.
Diaphragmatic crura are not thickened in
patients with an injured diaphragm (16);
coronal and sagittal reconstructions are also of
limited value in detecting subtle diaphragmatic
injury. Computed tomography usually does not
reveal diaphragmatic discontinuity even with
thin sectioning (except in the rare diaphrag-
matic avulsion); rather, intestinal content not
confined by the diaphragm but spilling into the
thorax is diagnostic of a hernia, and in the
appropriate clinical setting provides indirect

Figure 14.2. Traumatic rupture of left hemidiaphragm. A scout
view localizer prior to computed tomography (CT) reveals medi-
astinal shift to the right, partial left lung atelectasis and an ele-
vated stomach. (Courtesy of Patrick Fultz, M.D., University of
Rochester.)

Figure 14.3. Traumatic left hemidiaphragm rupture. A: Chest radiograph reveals gas and fluid at the left lung base. B: A barium study
performed through a nasogastric tube identifies part of the stomach in the chest.This study was performed several hours after that
in part A, and now considerably more abdominal content has herniated into the chest.

A B
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evidence for diaphragmatic rupture. A waist-
like intestinal constriction at the site of hernia-
tion is occasionally detected if rupture is limited
in scope. These traumatic hernias need to be
distinguished from congenital diaphragmatic
hernias and from hernias through the
esophageal hiatus.

Ultrasonography findings in patients with
diaphragmatic rupture due to blunt trauma
range from diaphragmatic disruption to a non-
visualized diaphragm. Occasionally detected is
a diaphragm surrounded by fluid or abdominal
content herniating through a diaphragmatic
defect.

Preliminary reports suggest that MRI is reli-
able in detecting diaphragmatic injury; coronal
and sagittal MRI reveal the site of a diaphrag-
matic tear and detect abdominal visceral herni-
ating into the thorax, but keep in mind the
limitation on early detection, as discussed 
previously.

Scintigraphy using intraperitoneally instil-
led Tc-99m–macroaggregated albumin (MAA)
detects a diaphragmatic rupture but is rarely
necessary.

Arecdotal reports describe spontaneous
diaphragmatic rupture.

Barotrauma
A pneumoperitoneum is a rare complication of
mechanical ventilation. Detection of free gas 
in these generally rather sick patients leads 
to a diagnostic dilemma—Is the pneumoperi-
toneum secondary to an unsuspected bowel
perforation? A number of these patients
undergo surgical exploration.

Acute Abdomen
The causes of an acute abdomen are legion,
including infection, bowel perforation, inflam-
mation, obstruction, ischemia, volvulus of
various structures, gynecologic abnormalities,
and tumor infiltration; these conditions are dis-
cussed in their respective chapters. At times the
first evidence of a serious underlying disease is
an acute abdomen, such as Crohn’s disease 
manifesting as bowel perforation. Colonic epi-
ploic appendagitis, a condition diagnosable by
imaging, is an example of an acute abdomen not

requiring surgical intervention. Less common
etiologies for an acute abdomen include lym-
phoma infiltrating the bowel and resulting in
perforation, a perforating primary small bowel
neoplasm, and a perforated bowel duplication
cyst with spill of the contents into the peritoneal
cavity.

In pediatrics, perforation is more common 
in neonates than in older children. Among
neonates with gastrointestinal perforation, most
common etiologies are necrotizing enterocoli-
tis, isolated ileal perforations, a combination
and sequella of malrotation/volvulus. Etiologic
factors in children are trauma, Meckel’s 
diverticula complications, intussusception,
pseudomembranous colitis, and post-operative
complications.

In children, screening US detects an abdomi-
nal abnormality in about half of those with
acute or subacute abdominal pain.

Past teaching has been to study an acute
abdomen with conventional radiographs, an
approach supplanted by CT, generally without
IV contrast. At times images with and without
IV contrast are useful (Fig. 14.4). Computed
tomography has had a major impact in the diag-

Figure 14.4. Acute abdomen secondary to jejunal perforation.
Oral and intravenous (IV) contrast-enhanced CT reveals ascites
and pneumoperitoneum. Higher density material is present
within this fluid adjacent the liver (arrow) and also in the left
upper quadroon (curved arrow). Although angiography
revealed patent vessels, surgery suggested emboli and ischemia
for the patient’s perforation. (Courtesy of Patrick Fultz, M.D., Uni-
versity of Rochester.)
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nosis and subsequent management of patients
presenting with an acute abdomen. Some
studies suggest that CT is superior to clinical
evaluation in diagnosing a cause for an acute
abdomen. Such an approach appears to hold up
regardless of the duration of signs and symp-
toms and in patients with no prior disease. Nev-
ertheless, rather than use CT in a shotgun
approach for all patients presenting with an
acute abdomen, a more selective choice of
imaging studies often establishes a diagnosis
more quickly. For instance, with suspected
cholecystitis, US should be the initial imaging
modality; suspected acute uncomplicated pan-
creatitis generally requires little or no imaging,
except possibly endoscopic retrograde cholan-
giopancreatography (ERCP), while pancreatic
necrosis calls for contrast-enhanced CT or MR.
Ultrasonography is more commonly employed
in pediatric patients. CT is especially useful in
obese patients, nondiagnostic US, or with sus-
pected bowel obstruction.

In some centers US is used liberally for the
initial study of patients with an acute abdomen.
It is readily performed and detects a number of
acute conditions. One limitation is the presence
of dilated bowel. Also, while in experienced
hands such diagnoses as appendicitis are readily
made, a normal US examination does not ex-
clude appendicitis, pyelonephritis, and other
disorders. Likewise, early pancreatitis and bowel
ischemia do not have specific US findings.

Laparoscopy is still preferred by some as a
diagnostic and therapeutic modality in patients
presenting with an acute abdomen. Even if con-
version to an open laparotomy is necessary,
laparoscopic findings are useful as a guide for
the subsequent incision.

Infection/Inflammation
Abscess
Intraperitoneal

Clinical

Some abscesses develop spontaneously,
although most are secondary to postoperative
complications or spread from a source in an
adjacent structure, such as diverticular disease,
appendicitis, cholecystitis, and so on. Fluid col-
lections communicating with bowel can become

huge, and patients have few symptoms due to
the internal drainage (Fig. 14.5). At times an
abscess and peritonitis coexist, and the initial
inciting event is difficult to identify.

A gallstone falling into the peritoneal cavity
during laparoscopic cholecystectomy may not
be readily retrievable. Although many of these
intraperitoneal gallstones are innocuous, they
do serve as a potential nidus for abscess forma-
tion, with some of these abscesses manifesting
years later. An occasional dropped appen-
dicolith, occurring mostly during laparoscopic
appendectomy, results in a similar finding. At
times the specific etiology for such an abscess is
suggested by CT or US.

Imaging

Computed tomography, US, MRI, or scintigra-
phy should detect and localize most intraab-
dominal abscesses, and most can then be
drained percutaneously, generally under US
guidance. Numerous comparison studies have
shown CT and US accuracies of over 90% in
detecting intraabdominal abscesses. Whether
the greater resolution of CT or the greater
portability of US determine the modality 
used, clinically the availability is the deciding
factor.

Figure 14.5. Postoperative abscess extending from the left
hemidiaphragm inferiorly into left lower quadrant (arrows),
communicating with the stomach. Barium sulfate was the con-
trast material used; it does not affect abscess healing.
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A note about subphrenic abscesses. It is
almost unheard of to have a subphrenic abscess
without an associated pleural effusion. Even a
chest radiograph should detect such an effu-
sion, and the absence of effusion essentially
excludes a subphrenic abscess. If imaging iden-
tifies a suspicious abscess beneath the right
hemidiaphragm but no pleural effusion is
detected, an intrahepatic rather than a sub-
phrenic abscess is more likely.

Gas in a fluid collection generally implies an
abscess, but gas bubbles are also seen in retained
surgical sponges even without an abscess. Large
amounts of gas suggest bowel communication,
a finding seen with other benign and malignant
conditions (Fig. 14.6).

Computed tomography of a typical abscess
shows a fluid-filled structure surrounded by a
contrast-enhancing rim. Such a finding is not
limited to abscesses and is also seen with some
necrotic tumors and other benign conditions
such as a hematoma and various cystic struc-
tures. Also, not all abscesses have this appear-
ance. Differentiation of an abscess and a benign
fluid collection is difficult, especially if the wall
is thick. Loculated fluid after abdominal surgery
tends to develop primarily in the abdomen and

after pelvic surgery loculated fluid is mostly in
the pelvis, but this is of limited use in differen-
tiating benign fluid from an abscess.

Abscesses are hypointense on T1- and hyper-
intense on T2-weighted MR images; about 
half are homogeneous in appearance. Gadoli-
nium-enhanced T1-weighted fat-suppressed
images identify abscesses as fluid collections
surrounded by a contrast-enhancing rim. Gas
within an abscess appears as a signal void on
both T1- and T2-weighted images. Coronal and
sagittal reconstruction aids in differentiating an
abscess from bowel. Fluid layering occurs in
some abscesses, with hypointense material, pre-
sumably representing protein, being dependent
on T2-weighted images, and such a finding in
the peritoneal cavity is strong presumptive evi-
dence of an abscess. Overall, MR sensitivity in
detecting abscesses is close to 100%.

Scintigraphy detects most abdominal abs-
cesses. Useful radiopharmaceuticals include
gallium-67 citrate, indium-111 leukocytes, and
Tc-99m leukocytes. A major limitation of Ga-67
citrate scintigraphy is the prolonged time
required to perform the study.

Therapy

Percutaneous abdominal abscess drainage is 
an established technique, and almost all well-
defined unilocular abscesses can be successfully
drained. A majority of abscesses are cured with
initial drainage. Recurrent abscesses can be
drained percutaneously in most patients and
surgery avoided in about half (17). Complex
abscesses consisting of loculated, poorly
confined, or multiple abscesses or those associ-
ated with a fistula have a lower success rate and
often require several drains. A single abscess is
often drained using US guidance, but multiple
abscesses are easier to drain with CT guidance.
Distinguishing an abscess from necrotic tissue
can be difficult. At times aspirate cytology is
helpful. Similar to surgical drainage, attempts to
drain infected necrotic tumors percutaneously
are rarely successful. Conversion to surgical
drainage (and often associated resection) is
required with the presence of unhealing
abscesses or fistulas and bowel or pancreatic
necrosis. Catheter-induced bleeding is an 
occasional complication requiring surgical 
correction.

Figure 14.6. Left subphrenic abscess secondary to a perforated
gastric fundal adenocarcinoma. The entire fundus is amputated
by tumor and abscess (arrows). The study was performed pri-
marily for unexplained weight loss.
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Crohn’s disease abscesses can be drained per-
cutaneously using image guidance, and the
patient is thus stabilized. These abscesses tend
not to resolve completely, especially if they
involve an enteric fistula.

Some left subphrenic abscesses cannot be
readily drained using a transabdominal
approach, and a transpleural approach is neces-
sary. At times a drainage catheter is inserted
through the pleura. Regardless of catheter posi-
tion, most abscesses are successfully drained,
although a transpleural approach risks a pneu-
mothorax, requiring its own therapy.

Abscess drainage using a transrectal or 
transvaginal approach with a combination of
endoluminal US and fluoroscopy for needle
advancement, tract dilation, and catheter inser-
tion, combined with appropriate antibiotics, is
effective therapy for most pelvic abscesses.
Patients undergoing transrectal aspiration or
drainage have less procedure-related pain and
catheter pain than those with a transvaginal
approach (18). A viable option for some pelvic
abscesses is US-guided transperineal catheter
drainage.

Pelvic abscesses are readily drained in chil-
dren and adolescents. The average hospital 
stay for children after image-guided transrec-
tal drainage of pelvic abscesses tends to be
shorter than after open surgical drainage.
Surgical drainage is associated with more com-
plications than percutaneous drainage, but
comparison studies often have a built-in bias
against surgery—patients undergoing surgical
drainage tend to be sicker.

Computed tomography–guided transgluteal
percutaneous drainage of deep pelvic abscesses
through the greater sciatic foramen is an option
in both adults and children (19).

A majority of vancomycin-resistant entero-
coccal abscesses can be drained percutaneously,
although the rate of successful therapy is lower
than with more conventional abscesses (20); at
times drainage provides a first clue to the pres-
ence of vancomycin-resistant enterococci.

Abdominal Wall Abscess

Occasionally diverticulitis or cholecystitis
evolves into an abdominal wall abscess. Like-
wise, an occasional biliary or other neoplasm
leads to an abdominal wall abscess. Imaging

readily differentiates those abscesses involving
the rectus abdominis muscle from intraabdom-
inal conditions.

Psoas Muscle Abscess

An abnormal fluid collection in the psoas
muscle region most often is an abscess, and less
often a hematoma. In a setting of pancreatitis, a
pseudocyst is also in the differential. A primary
iliopsoas abscess is not common; a number 
of these occur in IV drug users and those posi-
tive for human immunodeficiency virus. More
often these abscesses develop from a gastroin-
testinal, genitourinary, or spinal source. Some
retroperitoneal abscesses involve not only the
psoas muscles but also spread along soft tissue
planes into adjacent compartments. Psoas
abscesses develop in Crohn’s patients with
disease.

Gram stain and a culture of the abscess con-
tents should establish the responsible organism.
Blood cultures are less often helpful. Both gram-
positive and gram-negative organisms are
involved. In some parts of the world a tubercu-
lous psoas abscess is more common than a pyo-
genic abscess; a tuberculous abscess tends to
involve the adjacent vertebrae. Tuberculous
psoas abscesses can be successfully drained per-
cutaneously, although abscess recurrence often
requires repeat drainage.

The clinical triad of fever, flank or thigh pain,
and limitation of hip movement is found only in
about half or fewer patients with a psoas
abscess. Sepsis is common.

Computed tomography readily detects psoas
abscesses; however, differentiation from a
tumor purely on CT criteria is problematic (Fig.
14.7). A hematoma is also often in the differen-
tial. Image-guided needle aspiration should be
diagnostic and percutaneous catheter drainage
therapeutic.

Magnetic resonance imaging is very useful in
evaluating psoas muscles. Normal psoas muscle
is hypointense on T2-weighted images, while
abscesses and the occasional psoas muscle
tumor are hyperintense. Contrast-enhanced MR
of a psoas abscess reveals a signal void sur-
rounded by intense enhancement.

Conventional therapy of these abscesses 
is surgical drainage, although percutaneous
drainage using CT or US guidance is becoming
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more common. In distinction to intraabdominal
abscesses, surgical psoas abscess drainage
appears to result in a shorter patient hospital-
ization than with percutaneous drainage. On the
other hand, serious complications are more
common after surgical drainage than after 
percutaneous drainage (21). Imaging confirms
abscess resolution.

Peritonitis
Peritonitis either is primary or develops sec-
ondary to an infected adjacent structure. It
ranges from localized to diffuse. In the elderly,
peritonitis tends to manifest initially in a more
advanced or severe form than in a younger
patient. At times both peritonitis and ascites
coexist. Conditions presenting primarily with
ascites are discussed in a later section.

Gastrointestinal perforation is a common
cause of acute peritonitis and occurs both in the
very young and very old. Peritonitis can develop
after inadvertent gallbladder puncture during a
liver biopsy or percutaneous nephrostomy.
Occasionally encountered is aseptic peritoni-
tis, usually in association with a peritoneal
malignancy.

Primary peritonitis is rare in children,
but more common in girls. Some of these 

children are clinically suspected to have 
appendicitis, and the diagnosis is made only
during surgery.

Imaging has a limited role in detecting acute
peritonitis. Some degree of ascites is common.
Contrast-enhanced CT and MR reveal increased
peritoneal enhancement.

Infectious Peritonitis

Discussed here are only some of the more
unusual organisms associated with infectious
peritonitis.

Patients undergoing peritoneal dialysis are at
increased risk of cryptococcal peritonitis.
Cryptococcal peritonitis also occurs in patients
with cirrhosis and end-stage renal disease.

Listeria is a rare cause of spontaneous bacte-
rial peritonitis. About two thirds of reported
patients have chronic liver disease or an under-
lying malignancy, or the patient was undergoing
peritoneal dialysis.

Actinomycosis is a chronic infection by an
anaerobic gram-positive commensal bacterium
present in body orifices. Typically involved are
the genitourinary tract and occasionally bowel.
Rarely, it involves the peritoneum or greater
omentum. Needle biopsies do not always
provide a diagnosis; at times only inflammatory
tissue is obtained and only an open biopsy 
provides the organisms.

Fitz-Hugh–Curtis syndrome, or venereal per-
ihepatitis, is a complication of genital gonococ-
cal or chlamydial infection. In Europe and the
United States infection by Chlamydia trachoma-
tis is more frequent. A majority of patients are
women. Clinically, acute right upper quadrant
symptoms mimic those of biliary disease, but
liver function tests are normal. Likewise, US of
the gallbladder and bile ducts is normal yet gall-
bladder wall thickening develops in some and
multislice CT can detect transient liver attenua-
tion abnormalities (22). Pathologically, perihep-
atitis consists of adhesions and peritoneal
inflammation. Perihepatic fluid is often present.
A biopsy should be diagnostic. The diagnosis is
confirmed by finding Neisseria gonorrhoeae or
C. trachomatis organisms in perihepatic tissues.
Some of these patients have undergone
laparoscopy before the true diagnosis is 
suspected.

A rare cause of peritonitis is acute ascaris
peritonitis due to bowel perforation. This con-

Figure 14.7. Psoas abscess. Transverse CT image reveals an
enlarged, mostly hypodense right psoas muscle (arrow) displac-
ing kidney anterior. (Source: Paley M, Sidhu PS, Evans RA, Karani
JB. Retroperitoneal collections—aetiology and radiological
implications. Clin Radiol 1997;52:290–294, with permission
from the Royal Collage of Radiologists.)
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dition, more common in children and occurring
mostly in China, has a high mortality; on a more
chronic basis, ascaris peritonitis leads to 
peritoneal granuloma formation.

Vernix Caseosa–Induced Peritonitis

An occasional woman develops unexplained
abdominal pain after a cesarean section. An
exploratory laparotomy reveals an organizing
peritonitis, which includes a foreign-body 
granulomatous reaction. It is believed that this
peritonitis most likely is induced by spillage of
keratinous material (vernix caseosa) derived
from amniotic fluid during the cesarean section.

In Cirrhosis

Most spontaneous bacterial peritonitis is
encountered in patients with cirrhosis and
ascites. Antecedent gastrointestinal bleeding is
common in these patients. The clinical presen-
tation is often subtle, and thus evaluation of
ascitic fluid should be performed promptly,
realizing that ascitic fluid culture is positive
only in about half. Most common organisms
involved are Enterobacteriaceae species and
Gram positive cocci. Detection of these and
other, less common infectious agents should
lead to a search for either underlying cirrhosis
or AIDS. Rarely, Streptococcus pneumoniae
results in primary peritonitis without underly-
ing disease.

Lupus

Acute lupus peritonitis is a rare manifestation of
systemic lupus erythematosus. Imaging detects
marked bowel wall thickening, intraluminal
fluid, and ascites.

Meconium

Meconium peritonitis is a result of intra-utero
bowel perforation, spill of meconium, and a
resultant sterile chemical peritonitis. These per-
forations are often associated with congenital
bowel obstruction such as small bowel atresia,
volvulus, or meconium ileus. At times peritoni-
tis-induced adhesions result in further obstruc-
tion. Although usually considered a benign
condition, meconium peritonitis can be associ-
ated with infarcts secondary to intravascular
dissemination of meconium emboli. Meconium

in the peritoneal cavity induces an exuberant
fibrosis, leading to a multiseptate ascites appear-
ance, which eventually calcifies. In some infants
these calcifications are detected as an incidental
finding, with the intra-utero bowel perforation
having healed.

Imaging shows characteristic calcifications 
in the peritoneal cavity. These calcifications can
extend into the scrotum through an intact
processus vaginalis. Ultrasonography identifies
these calcifications as hyperechoic linear or
irregular abdominal foci, suggesting a cystic
appearance.

Sclerosing Peritonitis/Mesenteritis

Clinical
Some authors treat mesenteritis and sclerosing
peritonitis as separate entities, although recent
thought suggests that these represent different
manifestations of the same condition—an acute
form (generally a mesenteritis or panniculitis)
and a chronic form (often called sclerosing 
peritonitis). Diffuse mesenteric infiltration 
consists of inflammation (mesenteritis and 
panniculitis), fatty dystrophy, fluid, neoplasms,
fibrosis, or even amyloid. Some patients 
develop a combination of inflammation, fatty
dystrophy, and fibrosis, although usually one 
of these predominates. The terminology for 
this condition(s) is inconsistent and includes
mesenteric panniculitis, mesenteric fibromatosis,
retractile mesenteritis, sclerosing mesenteritis,
mesenteric lipodystrophy, mesenteric Weber-
Christian disease, and inflammatory pseudotu-
mor. The terms mesenteritis and sclerosing
peritonitis are used here only for description of
the primary sites involved. In some patients a
sclerosing peritonitis appearance develops
during peritoneal dialysis or use of certain
drugs, such as practolol and beta-blocking
agents. Occasionally mesenteritis is associated
with estrogen use. Interestingly, retractile
mesenteritis has resolved with progesterone
therapy. Intraperitoneal hemorrhage is sug-
gested as a possible link in forming sclerosing
peritonitis. The older literature ascribed this
condition in some patients to chronic repetitive
abdominal trauma caused by vibrations of a
pneumatic jackhammer. Mesenteritis has devel-
oped in a setting of Crohn’s disease, realizing
that the clinical and radiologic features of both
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are similar. A role for ischemia is occasionally
postulated. Its relationship to extraperitoneal
fibrosis (discussed below) is uncertain. Retrac-
tile mesenteric is associated with a number of
neoplasms and immunosuppression therapy.
Numerous reports describe sclerosing peritoni-
tis developing in association with a luteinizing
thecoma. A rare association exists between
retractile mesenteritis and a mesothelioma.

Excessive fatty infiltration of the mesentery,
or lipomatosis, may be idiopathic, part of gen-
eralized obesity, or associated with steroid
therapy. Most lipomatosis is diffuse and tends to
infiltrate rather than displace adjacent struc-
tures. It is the occasional focal collections of fat
that suggest a fat-containing neoplasm in the
differential diagnosis.

Mesenteritis presents either as an acute
abdomen or, more often, evolves as a chronic
condition of diffuse abdominal pain, at times
intermittent. Large fibrofatty tumors develop in
the abdomen. Histology reveals a fibrofatty
infiltrate containing inflammation, fat necrosis,
and fibrosis. Multiple mesenteric lymphatic
cysts develop in this entity. Mesenteric fat
necrosis, or lipodystrophy, also occurs with 
pancreatitis and some infections. Mesenteric
infiltration has led to a protein-losing enteropa-
thy; in fact, enteropathy can be the first mani-
festation of this condition.

Exuberant small bowel mesenteric fibrosis
predominates in some individuals. This variant,
often called retractile mesenteritis, also leads to
some degree of inflammation, but the primary
finding is mesenteric foreshortening and result-
ant mesenteric and small bowel distortion. Less
often the mesocolon or sigmoid mesentery are
affected. Normally little omental involvement is
found. Rarely, a similar inflammatory process
involves primarily the omentum rather than
mesentery.

The differential diagnosis of retractile
mesenteritis includes mesenteric and other
peritoneal neoplasms. In some patients an open
biopsy is necessary for diagnosis and to exclude
a malignancy.

Imaging

Usually the small bowel mesentery is involved
and ranges from a diffuse infiltrate, a focal soft
tissue tumor, to discrete inflammatory nodules.
The infiltrate typically also involves adjacent
small bowel and results in a spiculated, irregu-

lar outline to contrast-filled bowel. Valvulae
conniventes are thickened and distorted but not
destroyed, thus differentiating this condition
from most malignant infiltrations. At times the
appearance mimics Crohn’s disease, which also
results in mesenteric inflammation and fibrosis.
Occasionally mesenteric calcifications develop,
probably within necrotic tissue.

Primarily retractile mesenteritis and panni-
culitis have separate and distinct CT appear-
ances (23): patients with retractile mesenteritis
show a mostly homogeneous soft tissue
infiltrate denser than fat that distorts bowel
loops. Those with panniculitis have a heteroge-
neous fat-density infiltrate typically involving
the mesenteric root but with preserved fat
around the greater vessels ( fat ring sign), and a
loss of the usual sharp outline of enclosed 
arteries; at times soft-tissue nodules are evident.

Ultrasonography identifies hypoechoic mes-
enteric tumors, occasionally containing a cystic
component.

Magnetic resonance of lipomatosis reveals a
fat signal intensity with all imaging parameters.
T1-weighted fat-suppressed SGE images are
useful to confirm that a focal collection is
indeed fat. T1-weighted images of panniculitis
(inflammation) reveal hypointense stranding
traversing the hyperintense fat.

Sclerosing peritonitis manifests by thickening
of the peritoneal lining, diffuse or loculated
fluid collections, peritonitis and resultant small
bowel obstruction, or simply disordered small
bowel motility. Dense adhesions develop. Exten-
sive fibrosis can involve the liver capsule. Peri-
toneal calcifications develop eventually. Imaging
of patients on chronic ambulatory peritoneal
dialysis and sclerosing peritonitis detects peri-
toneal thickening and calcifications; most also
have loculated fluid collections and small bowel
tethering or dilation.

Aside from calcifications, the imaging
appearance of sclerosing peritonitis is similar to
that of ovarian carcinoma with carcinomatosis.
Both tend to develop adnexal tumors. In carci-
nomatosis, however, only the peritoneal surface
is involved and it has an irregular outline due to
malignant nodules; in sclerosing peritonitis not
only does the peritoneal thickening have a
smooth outline, but also the small bowel and
colon walls are thickened. The differential for
sclerosing peritonitis also includes diffuse
mesothelioma, some chronic infections, and
primary and secondary amyloidosis.
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Abdominal Cocoon

An abdominal cocoon, also called sclerosing
encapsulating peritonitis, is a descriptive term
for a variant of sclerosing peritonitis consisting
of the small bowel being encased by a mem-
brane and displaced centrally. It is a rare condi-
tion. Associated soft tissue tumors are evident
in some patients. It is not uncommon to see
small bowel obstruction.

The etiology of this condition is unknown.
Most reported patients have been from the
tropics or subtropical zones, with only an occa-
sional report from temperate zones. One 
group of patients consists of young adoles-
cent girls. Another group includes cirrhotic
patients treated with a peritoneovenous shunt
for ascites; autopsy in some of these patients 
simply identifies generalized peritoneal fibrosis.
It has developed in a liver transplant recipient
(24). A diagnosis of an abdominal cocoon as a
separate entity probably is not appropriate 
if an infectious organism is recognized; peri-
toneal tuberculosis has resulted in a similar
appearance, and this diagnosis should be
excluded if an idiopathic abdominal cocoon is
encountered.

Once established, a barium small bowel study
is diagnostic. Occasionally, a barium study
shows the small bowel to have a cauliflower-like
configuration. Computed tomography reveals
most or all of the small bowel encased by a thick
membrane. Obstruction tends to develop at the
site where the proximal small bowel enters its
cocoon. Superficially, the condition mimics a
large paraduodenal hernia.

Tuberculosis
Clinical

An increasing prevalence is evident not only for
pulmonary tuberculosis but also for its extra-
pulmonary manifestation. Isolated abdominal
involvement is not uncommon in endemic
regions. Fatigue, prolonged fever, weight loss,
nonspecific bowel symptoms, and a chronic
wasting illness are common clinical findings.An
erroneous initial diagnosis is common in parts
of the world with a low prevalence of abdomi-
nal tuberculosis.

Hypercalcemia developed in patients with
tuberculous peritonitis without pulmonary
involvement. Elevated serum CA 125 tumor

marker levels are found in some of these
patients; levels decrease after antituberculous
therapy.

Tuberculosis ranges from disseminated
disease to abdominal involvement only.Abdom-
inal tuberculosis varies in organ involvement
considerably, with ulcerative ileocecal involve-
ment not uncommon. Peritonitis, mesenteric
and extraperitoneal lymphadenopathy, and gen-
itourinary involvement can occur as separate
findings or together; multiorgan involvement,
including ulcerative ileocecal involvement is not
uncommon. Bowel perforation and obstruction
lead to an acute abdomen. Presence vascular
and perivascular granulomas, intraluminal
thrombi and subintimal fibrosis suggest that
bowel ischemia is a common pathway.

A diagnosis of peritoneal tuberculosis is
difficult; in spite of clinical, endoscopic, and
radiologic evaluation, peritoneal tuberculosis,
especially if it involves the ileocecal region, is
readily misdiagnosed as Crohn’s disease. Differ-
entiating peritoneal tuberculosis from advanced
ovarian cancer is difficult. Malignant lymphoma
is also often in the differential diagnosis.

Tuberculous ascitic fluid acid-fast stains tend
to be negative and not all Mycobacterium tuber-
culosis cultures are positive. Biopsy in some
patients reveals epithelioid giant-cell granulo-
mas containing caseous necrosis. At times diag-
nostic laparotomy and culture of tissue biopsy
specimens are necessary for diagnosis.

Imaging

Imaging identifies intra- and extraperitoneal
lymphadenopathy. At times these enlarged
nodes are focal in location and mimic a malig-
nancy. Nevertheless, CT lymph node location
and specific node appearance provide clues
aiding the differentiation of these two 
entities.

Tuberculosis tends to involve more superior
para-aortic lymph nodes, while lymphoma
more often involves the inferior para-aortic
lymph nodes (25). An exception is with dis-
seminated tuberculosis, which affects nodes 
diffusely and involves the hepatoduodenal 
and hepatogastric ligaments and mesenteric
and extraperitoneal lymph nodes; nondis-
seminated tuberculosis can involve similar 
node chains, except the inferior extraperi-
toneal lymph nodes are mostly spared. The
large, confluent lymph nodes found in lym-
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phoma are unusual with tuberculosis. An
enlarged isolated lymph node chain is non-
specific; for instance, periportal adenopathy,
detected by CT, can be an isolated manifesta-
tion of tuberculous adenitis, but the differen-
tial diagnosis also includes not only malig-
nancies but also such benign diseases as 
sarcoidosis. Enlarged tuberculous lymph nodes
tend toward a lower CT density than lym-
phomatous nodes. In tuberculous peritonitis a
low-density center was seen in some enlarged
nodes, and calcification eventually develop in a
minority; the low-density portion probably rep-
resents caseation necrosis. Even more striking is
peripheral rim contrast-enhancement with
tuberculosis; lymphomatous nodes are more
homogeneous in their enhancement (25).

Fine peritoneal septations are common in
tuberculosis, and ascites is often enclosed in a
lattice-like mesh. Tuberculous ascites tends to
have a higher density than most ascitic fluid.
Diffuse peritoneal thickening and infiltration of
the greater omentum is common.

In general, CT and US reveal similar findings,
although bowel wall thickening is probably
better appreciated with CT. At times CT and US
complement each other in patients with sus-
pected tuberculous peritonitis. With pelvic
involvement the CT appearance often mimics a
malignancy. An abdominal cocoon-like appear-
ance can be associated with tuberculous pelvic
involvement (26) (Fig. 14.8). Ultrasonography
reveals a hyperechoic, thickened mesentery,
mesenteric adenopathy, and less often dilated

Figure 14.8. Abdominal tuberculosis manifesting as an abdominal cocoon.
A,B: CT reveals small bowel within a thickened, enhancing sac (arrows). C:
Small bowel barium study also shows nondilated bowel encased in a “sac.”
Surgical biopsies identified peritoneal tubercles and omental lymph nodes
containing caseating granulomas. (Source: Lalloo S, Krishna D, Maharajh J.
Abdominal cocoon associated with tuberculous pelvic inflammatory
disease. Br J Radiol 2002;75:174–176, with permission from the British 
Institute of Radiology.)
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small bowel loops, minor ascites, and occasional
omental thickening.

A cone-shaped, contracted cecum and a
dilated, edematous terminal ileum are diag-
nostic findings in the dry type of ileocecal
tuberculosis.

Filariasis
Infection with Wuchereria bancrofti, Brugia
malayi, B. timori, and Loa loa affects not only
the lymphatics but also such structures as the
kidneys; renal damage can occur even in
asymptomatic carriers.

Ultrasonography detects live adult filarial
worms by identifying twirling motions in
dilated lymph channels; successful chemother-
apy ends the worm activity.

Lymphoscintigraphy is of value in assess-
ing lymphatic damage. Extensive lymphos-
cintigraphic abnormalities are found in W.
bancrofti-endemic regions even in clinically
asymptomatic persons. Chyluria is common.
Among patients with filarial chyluria undergo-
ing unilateral pedal lymphography, lymphatic
crossover was identified in all and lymphati-
corenal fistulas were detected in 98% (27); the
authors advocate unilateral lymphography over

a bilateral study because lymphatic crossover
identifies lymphaticorenal fistulas regardless of
the side of involvement.

Echinococcosis
A primary echinococcal cyst in the peritoneum
is rare. A study from Tunis found that retrovesi-
cal and extraperitoneal sites represent about
10% of their operated hydatid cysts (28); a retro-
vesical site presumably represents secondary
implantation in the pouch of Douglas by
intraperitoneal rupture of a more convention-
ally located cyst (Fig. 14.9).

Parasitic Infestation
Parasitic infestations involve myriad end
organs, with the peritoneal cavity often serv-
ing as an intermediary pathway. Peripheral
eosinophilia often suggests underlying parasitic
infestation, although it is present only in about
half of infected patients, and generally during
the acute phase. Acute or vague abdominal pain
is common. Serologic tests (enzyme-linked
immunoabsorbent assay) are available for some
infestations.

Figure 14.9. Pelvic hydatid disease. A,B: Two contrast-enhanced CT images through the pelvis shows daughter cysts within a denser
structure adjacent to the left iliac muscle. Detached membranes are evident in the cyst shown in part B. (Source: Polat P, Kantarci M,
Alper F, Suma S Koruyucu MB, Okur A. Hydatid disease from head to toe. RadioGraphics 2003;23:475–494, with permission from the
Radiological Society of North America.)
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Computed tomography detects focal omental,
peritoneal, mesenteric, or bowel wall infiltra-
tion, often heterogeneous and partly cystic in
nature. The imaging differential diagnosis often
includes other inflammatory conditions and
neoplasms.

Diffuse Infiltration
Fibrosis/Desmoid
Diffuse extraperitoneal fibrosis, also known as
retroperitoneal fibromatosis, desmoid tumor,
and Ormond’s disease, is a locally invasive 
but benign chronic condition. Extraperitoneal
fibrosis is idiopathic in about two thirds of
patients. Some evidence suggests an underlying
autoimmune response manifesting as a vasculi-
tis and fibrosis. Both mesenteric and extraperi-
toneal fibromatosis (fibrosis) present most often
as a discrete desmoid tumor; a diffuse infiltrate
is less common. Fibrous tissue is noncapsulated,
poorly marginated, and infiltrates surrounding
structures. Its relationship to sclerosing peri-
tonitis and mesenteritis is conjecture. Indeed,
some of the patients discussed previously (see
Sclerosing Peritonitis/Mesenteritis) probably
should be included here (and vice versa).

Etiology

Secondary forms of fibromatosis/desmoid are
associated with both malignant and benign 
disorders. It develops in response to some infil-
trating malignancies, and at times the term
malignant retroperitoneal fibrosis is used to
describe a reactive fibrosis secondary to such
neoplastic infiltration; malignant cells tend to
be scattered throughout the fibrosis. A distinc-
tion between malignant and nonmalignant
retroperitoneal fibrosis is of obvious clinical
importance and thus an extensive biopsy is
often indicated.

An association with methysergide and ergot-
amine use appears to be greater than by chance.
Extraperitoneal fibrosis has been reported fol-
lowing treatment of Parkinson’s disease with L-
dopa analogues; a number of these patients have
underlying atherosclerosis and it is difficult to
put the relationship among atherosclerosis,
drug therapy, and the subsequent development
of fibrosis into proper perspective.

An inflammatory abdominal aortic aneur-
ysm is commonly associated with extraperi-
toneal fibrosis (discussed in Chapter 17). Patho-
genesis of fibrosis in this clinical setting 
is unclear, although severe atherosclerosis 
appears to induce an immune response in some
individuals.

A rare patient develops extraperitoneal
fibrosis secondary to actinomycosis and other
chronic infection. Extensive extraperitoneal
fibrosis develops as a reaction to some foreign
bodies. Thus fibrosis is induced by extravasated
barium during bowel perforation (29); similar
to some of the other reactive fibroses mentioned
above, such fibrosis is a local reaction sur-
rounding the barium crystals and is not associ-
ated with fibrosis at other sites.

Desmoid tumors are common in familial
adenomatous polyposis. In fact, this polyposis
syndrome should be suspected in a patient with
a newly discovered rectus abdominis muscle
desmoid tumor (Fig. 14.10).

Prior abdominal surgery increases the risk
for desmoids; in an occasional patient desmoids
begin to develop in trocar sites within months
after laparoscopy. Less often a desmoid develops
in a patient without familial polyposis and at a
site unrelated to prior surgery. These sporadic
desmoids are less likely to recur after resection
than familial ones.

A mesenteric desmoid tumor can develop
after radiation therapy. These patients often also
develop leg edema and protein-losing enteropa-
thy due to intestinal lymphangiectasia.

Figure 14.10. Rectus sheath desmoid tumor (arrow). (Courtesy
of Patrick Fultz, M.D., University of Rochester.)
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Classification of desmoplastic fibroblastomas
(collagenous fibroma) is not clear. One slowly
growing heterogeneous tumor was hypointense
on T1-weighted images, mixed hypo- and
hyperintense on T2-weighted images and
showed heterogeneous contrast enhancement
(30); the hypointense regions consisted mostly
of collagen.

Clinical

Extraperitoneal fibrosis usually involves struc-
tures from the renal hila inferiorly. A somewhat
atypical variant is to find fibrosis limited to 
the pelvis. Although benign, desmoids invade
locally and have a high potential for recurrence.
Complications of desmoid tumors account for
part of the mortality associated with familial
adenomatous polyposis.

Symptoms result from the gradual compres-
sion of adjacent structures, including ureters,
retroperitoneal vessels and nerves, and portions
of the gastrointestinal tract. Extraperitoneal
fibrosis encasing the ureters results in hy-
dronephrosis, at times unilateral. The ureters
are displaced medially. Once a diagnosis of
extraperitoneal fibrosis is established, in a
setting of hydronephrosis, ureteral decompres-
sion is necessary to save the kidney. Laparo-
scopic ureterolysis is feasible, although often in
vain. Placement of double-J ureteric stents is
helpful on a temporary basis. With time, soft
polyurethane stents tend to become obstructed
due to continued extrinsic ureteral compres-
sion, and they need to be replaced with more
rigid ones.

Occasionally extraperitoneal fibrosis involves
the bile ducts and leads to obstructive jaundice;
imaging findings can suggest extrahepatic scle-
rosing cholangitis or a pancreatic malignancy.
At times fibrosis leads to both hydronephrosis
and biliary obstruction.

Abscesses can develop within a desmoid
tumor, at times communicating to the bowel.
Some of these abscesses can be managed ini-
tially with percutaneous abscess drainage.

Extraperitoneal fibrosis tends to respond to
steroid therapy. Immunosuppressive therapy
has also achieved some success. Surgical 
therapy is difficult due to the often-diffuse
infiltration. Also, surgery often tends to exas-
perate recurrence. Once the diagnosis is esta-
blished, follow-up is by CT or US. Some

unresectable desmoid tumors regress after
being treated with radiation therapy. The role of
hyperthermia is not clear. Spontaneous regres-
sion of extraperitoneal fibrosis has also been
reported, albeit rarely.

Both growth and response to therapy of a
desmoid are readily evaluated with imaging.

Iliac vein and inferior vena caval stenosis 
secondary to extraperitoneal fibrosis is often
approached surgically but can be treated by
venous thrombectomy and bilateral iliac stent-
ing, but keep in mind the often temporary
nature of such therapy.

Imaging

Most desmoids develop in the mesentery and
abdominal wall, with only an occasional one
being extraperitoneal in location. A rare one
involves both extra- and intraperitoneal struc-
tures. In some patients a specific site of origin
cannot be determined.

Although at times imaging suggests the diag-
nosis, no specific finding is pathognomonic.
Imaging identifies a desmoid either as a discrete
tumor or a poorly marginated infiltration. With
diffuse extraperitoneal infiltration, the first task
is to establish that the diagnosis is indeed
fibrosis rather than an underlying malignancy.
Rather than being displaced, adjacent vessels
and bowel become encased. Imaging cannot dif-
ferentiate primary benign fibromatosis from a
secondary one due to malignant infiltration,
although malignancies increase in size faster
than a benign infiltration. Extraperitoneal
fibrosis is usually diffuse, but occasionally is
well marginated or even nodular. Contour irreg-
ularities are not a reliable differential. Either
extensive percutaneous biopsies or surgical
exploration is often necessary. Negative percu-
taneous biopsies should be interpreted with
caution.

Precontrast CT of most extraperitoneal
fibrosis shows a density similar to that of adja-
cent muscle or is even slightly hyperdense. The
tissue tends to enhance postcontrast and may
appear somewhat hyperdense. At times the
appearance mimics that of a diffuse tumor.

Magnetic resonance imaging of diffuse
fibrosis and desmoids usually reveals hypo-
intense signals on both T1- and T2-weighted
images. An occasional complex infiltrating
tumor exhibits iso- or even hyperintense signal
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intensities on T2-weighted images. Postcontrast
enhancement is variable.

Desmoids and retroperitoneal fibrosis show
Ga-67-citrate uptake. Some correlation exists
among clinical symptoms, disease activity, and
Ga 67 scintigraphic activity.

Amyloidosis
Amyloid lymphadenopathy is common in
uremic patients, in one study being identified in
22% of hemodialysis patients’ lymph nodes
(31).

Occasionally a patient with amyloidosis
develops extensive calcified extraperitoneal
amyloid deposits which are visible with 
conventional radiography and CT.

Sarcoidosis
The CT appearance of abdominal sarcoidosis
varies considerably. Often systemic sarcoido-
sis manifests with hepatosplenomegaly and
extraperitoneal adenopathy, at times massive
and mimicking lymphoma. Magnetic resonance
imaging also readily detects the adenopathy.

Sarcoid-involved lymph nodes show FDG-
PET uptake.

Xanthogranulomatosis/Erdheim-
Chester Disease

Xanthogranulomatosis is more common in the
kidneys than in other extraperitoneal soft
tissues. Systemic involvement is called Erdheim-
Chester disease, which is a nongenetic systemic
condition most often presenting with charac-
teristic and almost pathognomonic bilateral
symmetric foci of sclerosis in the long bones, at
times containing focal osteolysis within these
regions of sclerosis. Bone involvement, however,
is only an early manifestation of this systemic
condition affecting multiple organs. The etiol-
ogy of Erdheim-Chester disease is unknown,
and its specific histologic classification is
unclear. Many pathologists characterize it as a
non–Langerhans cell histiocytosis, with histol-
ogy typically revealing a xanthogranulomatous
infiltrate by foamy histiocytes in a bed of
fibrosis. Macrophages and giant cells are evident
in some biopsies. It is distinct from histiocyto-

sis X. Although it shares similar clinical and
radiologic findings with Langerhans cell histio-
cytosis, most authors believe these are separate
entities. Considerable evidence suggests that it
is neither a lipid storage disorder nor a primary
macrophage cell disorder. It occurs most often
in the middle aged and elderly and tends to
progress slowly. For instance, in one patient it
developed over a 20-year period and led to renal
artery stenoses, bilateral ureteric stenosis, and
adhesive renal capsule involvement (32). At
times it evolves into upper urinary tract
obstruction. A diffuse periaortic infiltrate is
evident in some, with the CT appearance termed
the coated aorta (33).

Although case reports mention the rarity of
this condition, it is probably not uncommon,
and it is underdiagnosed and underreported. In
an extensive review of Erdheim-Chester disease,
bone pain was the most frequent clinical finding
(47%), followed by exophthalmos (27%) and
diabetes insipidus (29%) (34); long bone dia-
physial osteosclerosis was detected in 76% of
patients and extraperitoneal involvement in
39%.

Imaging findings of retroperitoneal Erdheim-
Chester disease (and xanthogranulomatosis in
general) are those of a diffuse infiltrating solid
tumor. Technetium-99m accumulates in regions
of bone involvement and presumably also at
other sites of involvement. The differential
diagnosis includes retroperitoneal fibrosis,
diffuse lymphoma, inflammatory fibrosarc-
oma, malignant fibrous histiocytoma, and other 
solid tumors, conditions distinguishable only
pathologically.

Extramedullary Hematopoiesis
Extramedullary hematopoiesis implies depo-
sits of erythroid precursors outside of bone
marrow. The rare patient with retroperitoneal
extramedullary hematopoiesis presents with an
extensive soft tissue infiltrate.

Systemic Mast Cell Disease
(Mastocytosis)
Systemic mast cell disease typically involves the
skin, and imaging plays no role in diagnosis,
although many patients with systemic mastocy-
tosis have ascites, hepatosplenomegaly, thick-
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ened omentum and mesentery and abdominal
adenopathy. Some patients develop gastroin-
testinal lymphonodular hyperplasia. Ascites
developed in a patient with systemic mastocy-
tosis and hypertension (35). The usual skin
findings point to this condition, but an occa-
sional patient presents with hepatomegaly and
lymphadenopathy, and the diagnosis is estab-
lished from lymph node biopsies.

Fluid Collections
Ascites
Clinical

Ascites means fluid in the peritoneal cavity.
Classic ascites is either a transudate or exudate
based on total protein concentration, but blood,
pus, various organ secretions, or a mixture of
fluids can be found in the peritoneal cavity.

The most common cause of ascites in North
America and Europe is portal hypertension due
to liver disease. Peritoneal carcinomatosis leads
to an exudate, often with an obstruction of
draining lymphatics. Tumor infiltration of the
porta hepatis or liver parenchyma also results in
portal hypertension and ascites. Other, less
common causes include some infections and
conditions leading to hypoalbuminemia.

Congestive heart failure results in increased
right heart pressure with concomitant hepatic
congestion. Leakage from bile ducts results in
bile ascites; often the bile is also infected.
Chylous ascites forms from lymphatic obstruc-
tion, usually due to a neoplasm such as a 
lymphoma, or lymphatic transection, usually
secondary to surgery.

Ultrasonography in children with mild
dengue hemorrhagic fever revealed ascites in
34% (36); in those with severe disease US
detected ascites in 95% and pararenal and
perirenal fluid in 77%. Ultrasonography thus
appears useful for predicting the severity of this
condition in children.

Peritonitis, regardless of etiology, is usually
associated with varying amounts of peritoneal
fluid. Some infections result in blood-tinged
ascites. Severe salmonella enteritis or massive
Fasciola hepatica infection are uncommon
causes of moderate ascites.

Common causes of ascites in neonates
include urinary tract obstruction with subse-

quent rupture, and chylous ascites due to birth
trauma. Ascites in the young is easier to detect
with CT or US than with conventional 
radiographs.

Ascitic fluid white blood cell count should be
routinely obtained on all fluid samples. An 
elevated count is present with both an inflam-
mation and malignancies. Polymorphocytes
predominate in acute bacterial peritonitis, while
in more chronic conditions such as peritoneal
tuberculosis or carcinomatosis a preponderance
of lymphocytes is usually found.

Imaging

As discussed above (see Trauma), the volume of
peritoneal fluid first detected by US is about 
600 mL. Detection limits for CT and MR are
unknown. Larger amounts of fluid are visible
even with conventional radiography. Uncompli-
cated ascites generally has an attenuation of 0 to
40 HU, but in clinical practice the attenuation
values alone are not a reliable indicator for dif-
ferentiating among a transudate, malignant
ascites, or a hemorrhage. Most ascites is readily
differentiated from other intraabdominal fluid,
but care is necessary in the pelvis. An adnexal
cyst, such as a fallopian tube cyst, may mimic
pelvic ascites.

Although both ascites and intrathoracic fluid
abut the diaphragm, CT can nearly always dis-
tinguish between them. Fluid in the subphrenic
space tends to extend to the paracolic gutters
and the posteriorly located Morison’s pouch,
and forms a sharp outline with abdominal
viscera, but there is sparing of the bare area of
the liver. With massive ascites CT detects the
medial umbilical folds, representing peritoneal
reflections, in about two thirds of patients. With
the patient supine, intrathoracic fluid extends
more medially than ascitic fluid and collects in
the posterior sulci.

Occasionally ascitic fluid enhances on
delayed contrast-enhanced CT. In most patients
this phenomenon is of little significance and is
even a potential pitfall suggesting perforation.

Especially in a setting of adhesions or tumor,
US is useful in guiding both fluid aspiration and
a biopsy or cytology needle.

Lesser sac fluid is readily identified with
imaging. Some peripancreatic fluid that appears
to be in the lesser sac on CT, however, may actu-
ally be located within adjacent tissue planes.
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A transudate is hypointense on T1- and
hyperintense on T2-weighted images. An
exudate has a higher signal intensity on T1-
weighted images than a transudate. Although
the MR signal intensity varies with fluid protein
concentration, considerable overlap in the
appearance of various ascitic fluids makes this
finding of limited significance.

The gallbladder wall is considerably thicker
in patients with ascites due to liver cirrhosis
than in patients with noncirrhotic ascites. Most
malignant ascites is associated with a normal
gallbladder wall thickness.

Portal Hypertension–Induced Ascites

Ascites is common in sinusoidal and postsinu-
soidal portal hypertension. Pathogenesis is mul-
tifactorial, consisting of factors favoring efflux
of fluid into the peritoneal space, retention of
fluid there, and continued replenishment of the
intravascular volume. Peripheral vasodilation is
common in patients with cirrhosis and ascites
and, to a large extent, appears to be secondary
to increased vascular production of nitric oxide,
which is a potent vasodilator. In these patients
ascites is related to a decrease in portal blood
flow. Refractory ascites in cirrhosis often leads
to accelerated liver decompensation.

Therapy is tailored for those with nonma-
lignant versus malignant ascites. In patients
with nonmalignant ascites, prior enthusiasm 
for peritoneovenous shunting using Denver or
LeVeen shunts has been tempered by shunt
occlusions and other complications such as
peritoneal fibrosis, and they are little used 
today.

Transjugular intrahepatic portosystemic
shunt (TIPS) was not initially developed to treat
ascites, but in a number of patients with portal
hypertension and ascites a successful TIPS
improved or even resolved their underlying
ascites. Some patients with previously refrac-
tory ascites respond to medical management
following TIPS insertion. Transjugular intra-
hepatic portosystemic shunt can control ascites
in most patients with refractory ascites, with
results influenced by the stage of cirrhosis.
Ascites tends to improve in stage B cirrhotics
but not those with stage C. In some centers TIPS
is performed only in those ascitic patients
refractory to conventional therapy; major com-
plications in these patients include intraperi-

toneal hemorrhage, refractory encephalopathy,
and progressive liver and renal failure. Some
have new onset or worsening of hepatic
encephalopathy. In fact, TIPS in patients with
advanced liver and renal failure may hasten
death.

Malignant Ascites

One aid in distinguishing benign from malig-
nant ascites is gallbladder US; most malignant
ascites is associated with a normal gallbladder
wall thickness, while the wall is thickened with
most benign causes. Also, benign ascites tends
to be mostly in the main peritoneal cavity
(greater sac) with relative sparing of the lesser
sac, while malignant ascites normally involves
both.

Therapy for recurrent, symptomatic malig-
nant ascites consists of therapeutic paracenteses
to relieve symptoms in these patients with a
limited life span. Alternate therapy consists of
insertion of a percutaneous tunneled peritoneal
catheter to relieve the symptoms.

Pancreatic Ascites

In pancreatitis, ruptured pancreatic ducts
usually lead to pseudocyst formation, but occa-
sionally leakage from a pseudocyst or pancre-
atic duct into the peritoneal cavity incites an
exudate secondary to irritation (pancreatic
ascites). If pancreatic ascites persists, endo-
scopic retrograde pancreatography (ERP) is
worthwhile to define the pancreatic duct
anatomy and identify a possible site of leakage.

Nephrogenic Ascites

The cause of ascites in a setting of nephrotic
syndrome is poorly understood. Refractory
ascites in patients with end-stage renal disease,
called nephrogenic ascites, appears to be 
either altered peritoneal membrane permeabil-
ity or impaired resorption due to peritoneal
lymphatic obstruction; the ascitic fluid is rich 
in protein and contains few leukocytes, and the
serum-ascites albumin gradient is decreased. In
pediatric patients with nephrotic syndrome,
ascites is probably due to general fluid 
retention, while in adults hypoalbuminemia,
superimposed liver disease, and congestive
heart failure appear to be factors.
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Definitive therapy for nephrogenic ascites is
renal transplantation.

In Neonates

An unusual cause of ascites in neonates has
been termed total parenteral nutrition ascites,
developing after infusion through an umbilical
vein catheter. These neonates present with
ascites, the umbilical vein catheter overlies the
liver, and contrast studies through the catheter
confirm intraperitoneal extravasation. This
complication of total parenteral nutrition is due
to liver erosion by the umbilical vein catheter.

Ascitic Hydrothorax

Some patients with ascites develop a hydrotho-
rax, probably due to congenital diaphragmatic
defects. At times the hydrothorax predominates,
with little evidence of ascites. Most often the
peritoneopleural communication is on the right
side, although it can be bilateral. Peritoneal
communication is confirmed by injecting a Tc-
99m–labeled radioisotope (sulfur colloid or
macroaggregated albumin) into the peritoneal
cavity and scanning over the chest. A similar
approach can be used with CT and MRI after
intraperitoneal injection of contrast. Even
intraperitoneal air injection and appropriate
conventional films are diagnostic if the commu-
nication is sufficiently large.

Ascitic hydrothorax can be life threatening.
Therapy is difficult; chest tube drainage leads to
loss of fluids and electrolytes, creates a fistula,
and generally is unsatisfactory in these sick
patients. Therapy of the underlying cause of
ascites should be considered, including TIPS or
even liver transplantation, if appropriate.

Biliary Ascites/Biloma

Although bile may leak into the peritoneal
cavity and result in bile ascites and bile peri-
tonitis, more often an induced inflammatory
response to the intraperitoneal bile results in
bile being walled-off, forming a biloma. Most
bilomas have a CT attenuation close to water,
unless bleeding or infection supervenes.

Magnetic resonance bile signal should be
similar to that obtained from gallbladder bile.
Bile ranges from hypo- to hyperintense on T1-
and hyperintense on T2-weighted images.

Most bilomas are amenable to successful per-
cutaneous catheter drainage.

Chylous Ascites/Lymphocele

Chylous ascites, or chyloperitoneum, is the pres-
ence of chyle in the peritoneal cavity, while a
lymphocele is a localized collection. Aside from
trauma, including injury to the cisterna chyli,
chylous ascites develops secondary to major
occlusion of intraabdominal lymphatics. Thus
thoracic duct ligation during esophagectomy or
surgery on the pancreas, aorta, or other ma-
jor structures leads to postoperative chylous
ascites. Some cirrhotic patients develop chylous
ascites. Even occlusion of a portosystemic shunt
on rare occasion results in chylous ascites. It is
a rare complication of severe pancreatic necro-
sis. Massive chylous ascites can develop second-
ary to pancreatic transection. In children
chylous ascites is found in a setting of small
bowel obstruction or a lymphangioma.

Chylous ascites is a rare initial presentation of
an abdominal malignancy, presumably second-
ary to lymphatic obstruction. Chylous ascites 
is associated with lymphoma and Kaposi’s
sarcoma in patients with AIDS; it has also devel-
oped with Mycobacterium infection.

Imaging studies of most patients with
chylous ascites are nonspecific. Lymph contains
fat and occasionally CT reveals chylous ascites
to have a density of negative Hounsfield units—
a highly suggestive finding. Likewise, a fluid–
fluid level within the peritoneal cavity with the
patient recumbent should suggest chylous
ascites or a lymphocele.

One of the few indications for lymphangio-
graphy or lymphoscintigraphy is suspected
chylous ascites. The study identifies a site of
leakage or obstruction of extraperitoneal lym-
phatics. It does not define mesenteric or hepatic
lymphatic leakage.

Incidentally, MRCP can define some cisterna
chyli, especially if they are dilated.

Most lymphoceles develop after lymphatic
disruption due to surgery or other type of
trauma. They are relatively common after lym-
phadenectomy. Most are extraperitoneal in
location; intraperitoneal lymph leakage usually
results in chylous ascites rather than a lympho-
cele. They range from a unilocular collection
mimicking a simple cyst to a multiseptated,
irregular cystic structure containing necrotic
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material. Hemorrhage or infection modifies
their CT and US appearance. At times imaging
differentiation from a urinoma or hematoma 
is not possible. Some lymphoceles mimic an
abscess; also, a lymphocele may become
infected. In general, aspiration is required to
confirm the underlying condition.

Small lymphoceles tend to resolve sponta-
neously while larger ones generally require
drainage. Simple percutaneous catheter dra-
inage appears to be effective in treating post-
operative lymphoceles. Thus percutaneous
catheter drainage of symptomatic lymphoceles
after radical pelvic lymphadenectomy led to res-
olution of most lymphoceles (37). If necessary,
drainage catheters are inserted using imaging
guidance, and lymphocele sclerosis is per-
formed with such sclerotic agents as absolute
alcohol. although doxycycline, povidone iodine
and bleomycin have been used. Presence of a
catheter allows repeat lymphocele ablation as
needed. Few complications are associated with
this procedure.

At times lymphangiectasia, regardless of
cause, results in leakage of chyle percutaneously
or into a hollow viscus. Computed tomographic
lymphography and MRI are worthwhile in an
attempt to define chylous enteric or other
drainage. After initial lymphographic opaci-
fication for guidance, several patients with
uncontrolled postoperative chyle fistulas under-
went percutaneous transabdominal puncture
and catheterization of the cisterna chyli or lym-
phatic ducts (38); the thoracic duct could be
catheterized in some patients, the fistulas
identified with aqueous contrast, and a thoracic
duct fistula embolized with coils, leading to res-
olution of the patient’s chylothorax. No morbid-
ity was encountered.

An interesting percutaneous translymphatic
thoracic duct embolization in a patient with
postoperative chylothorax was started by first
performing unilateral lymphangiography, then
an abdominal lymph vessel was punctured with
a fine needle using fluoroscopic guidance and a
4-French catheter introduced to establish lymph
system access (39); the thoracic duct was then
embolized with coils and tissue adhesive.

Urinoma
Most localized collections of urine, or urino-
mas, are extraperitoneal in location. Less often

leakage from the urinary tract results in the
accumulation of urine in the peritoneal cavity
either as single or multiple urinomas or as
urinary ascites. The most common cause of
urine spill is trauma to the urinary tract, espe-
cially bladder dome injury. A cystogram should
be diagnostic of a bladder perforation, but may
miss the occasional more proximal perforation.
Contrast-enhanced CT should detect these.
Some urinomas eventually lose their communi-
cation with the urinary tract. An occasional
urinoma extends through the aortic hiatus into
the mediastinum.

Unless complicated by bleeding or infection,
most urinomas have a CT attenuation close to
that of water.

Technetium-99m–mercaptoacetylglycilgly-
cilglycine (MAG3) renal scintigraphy appears
useful to detect urinary leakage into the peri-
toneal cavity or a more localized collection.

Hemoperitoneum
Bleeding due to trauma has already been dis-
cussed in an earlier section (see Trauma).

Common causes of a spontaneous he-
moperitoneum are gynecologic diseases and 
spontaneous rupture of a liver hemangioma 
or hepatocellular carcinoma. Other reported
tumoral causes of hemoperitoneum include
bleeding from an enteric sarcoma or even a 
carcinoid.

At times portal hypertension evolves into
unusual variceal formations, rupture of a varix,
and intraabdominal hemorrhage. Most eso-
phageal varices bleed intraluminally, but 
rarely they bleed intraperitoneally. Thus large-
volume paracentesis in a setting of portal hyper-
tension can lead to rupture of esophageal or
mesenteric varices and an acute hemoperi-
toneum, a condition having a high mortality
rate.

Anticoagulant therapy can lead to a sponta-
neous intraabdominal hemorrhage and an
acute abdomen. Bleeding can occur into the
peritoneal cavity, extraperitoneally, into the
anterior abdominal wall, or even into bowel wall
or lumen.

The most common spontaneous ruptured
visceral aneurysm involves the splenic artery.
Computed tomography should detect most of
these aneurysms.
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Spontaneous hemoperitoneum in the pedi-
atric age group is rare. An occasional vascular
malformation or ovarian cyst ruptures and
bleeds. Hemoperitoneum in a newborn is gen-
erally secondary to antenatal hemorrhage.

Loculated blood can mimic a complex cyst or
neoplasm, with loculations ranging from single
to multiple. Depending on location, some
appearances suggest a bowel origin. Computed
tomography attenuation of blood in the peri-
toneal cavity or a hematoma varies with time.
An immediate bleed has an attenuation similar
to that of intravascular blood, unless it is mixed
with other fluid. The hematoma attenuation
increases up to 90 HU due to clot formation and
red blood cell concentration, and then gradually
begins to decrease with clot lysis, reaching water
density or slightly higher within several weeks.
Bleeding may be intermittent and clot forma-
tion and lysis extend for some time, resulting 
in a heterogeneous CT appearance. Eventual
resorption may lead to a normal appearance or
evolve into residual fibrosis. A similar change
with hematoma age is found with MRI.An acute
hematoma is isointense on T1- and hyperin-
tense on T2-weighted images. Within several
days the signal gradually becomes hyperintense
on T1-weighted images and a hematoma then 
is hyperintense on both T1- and T2-weighted
images.

Presence of hyperechoic pelvic fluid detected
with transvaginal US, usually performed for
suspected gynecological disease, suggests a
hemoperitoneum.

Hematoma
Extraperitoneal Hematoma

Hematomas range from discrete collections to 
a diffuse infiltrate throughout the involved
tissues. The most common site is in the rectus
abdominis muscle, with other muscles, such as
the internal oblique and gluteus muscles, less
often involved.

Conventional radiography cannot identify
even an extensive extraperitoneal hematoma,
although an abnormality is suggested if the
usual fatty tissue planes are obliterated. Com-
puted tomography is generally preferred over
US in evaluating suspected extraperitoneal
hemorrhage.

As already discussed, CT findings depend on
hematoma age, and they range from hyperdense
fresh blood, typically >50 HU, to a fluid–fluid
level (Fig. 14.11). Ultrasonography findings
vary: an inhomogeneous cystic and hyperechoic
appearance is common. With some hematomas
a hemorrhagic neoplasm is in the differential
diagnosis, although rapid onset should suggest
the correct diagnosis.

A resolving hematoma has a hyperintense
rim on precontrast T1-weighted images.

Spontaneous muscle hematomas are often
associated with anticoagulation therapy; if nec-
essary, they are amenable to being percuta-
neously decompressed.

Abdominal Wall Hematoma

The most common rectus abdominis muscle
and sheath tumors consist of desmoids and
hematomas. Rectus sheath hematomas occur
spontaneously or are traumatic in origin (Table
14.1). Clinically, these hematomas are difficult to
detect. A typical hematoma develops in the
lower third of the abdominal wall. In the upper
abdomen the rectus sheath limits spread, while
inferiorly this sheath is incomplete and a
hematoma spreads medially and laterally. Also,
inferiorly the rectus muscle is separated from
the peritoneum and properitoneal fat only by

Figure 14.11. Psoas hematoma.Transverse CT image reveals an
enlarged, hyperdense psoas muscle. (Source: Paley M, Sidhu PS,
Evans RA, Karani JB. Retroperitoneal collections—aetiology and
radiological implications. Clin Radiol 1997;52:290–294, with
permission from the Royal Collage of Radiologists.)
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transversalis fascia, and rupture of the inferior
epigastric artery branches in the preperitoneal
fat results in a hematoma throughout this
region.

A typical clinical presentation is a rapidly
growing painful abdominal wall swelling. Some
patients develop anemia. Therapy in most
patients is conservative once imaging confirms
the diagnosis.

Computed tomography reveals an acute
hematoma to be hyperdense compared to adja-
cent muscles, primarily because of its hemoglo-
bin content. Most so-called rectus sheath
hematomas are located posterior to the rectus
abdominis muscle but do involve the muscle
and result in muscle enlargement. Some
hematomas also contain a fluid–fluid level due
to a hematocrit effect. In time, a hematoma loses
protein and becomes isodense or hypodense
relative to adjacent muscle. Some eventually
become surrounded by a capsule.

Ultrasonography results vary depending on
hematoma age. An inhomogeneous appearance
due to blood and blood clots is found in some.
Similar to CT, a fluid–fluid level is evident in
others, especially larger ones. Ultrasonography,
however, can confuse a hematoma with an
abdominal wall neoplasm.

Magnetic resonance imaging reveals a het-
erogeneous hyperintense signals both on T1-
and T2-weighted images. Fluid–fluid levels are
also detected on MR images.

Cysts
Lymphangiomas, lymphoceles, urinomas, and
cystic mesotheliomas are discussed separately
in this chapter. Cystic tumors also include rare
primary cysts, cystic neoplasms, hematomas,
aneurysms, and related entities. Anecdotal
reports also describe extraperitoneal bron-
chogenic cysts (40). Pancreatic pseudocysts
(which are not necessarily in the pancreas) and
enteric duplications are also in the differential
diagnosis if a cyst origin cannot be precisely
identified. Incidentally, not all pseudocysts are
pancreatic in origin; a pseudocyst developing
around the tip of a ventriculoperitoneal shunt
contains cerebrospinal fluid (41).

Mesenteric Cysts

The term mesenteric cyst is a descriptive one 
for cystic structures located in the mesentery.
Most occur close to the mesenteric root. They
have several etiologies, although some cysts 
are difficult to classify even after histopatho-
logic study. Cyst content varies considerably.
Some cysts lack a mucosal lining, thus distin-
guishing them from a bowel duplication, while
others are lined by ciliated, cuboidal or colum-
nar cells. The cyst wall and any septa can contain
smooth muscle, fat or lymphovascular tissue. In
adults, many are inclusion cysts (discussed
later), while in children lymphangiomas are
high in the differential.

A number of these cysts are discovered inci-
dentally. Some patients have chronic pain. Cyst
rupture or torsion may result in an acute
abdomen. A mesenteric cyst tends to change its
position as the mesenteric structures shift.

These cysts vary in size. The cyst wall is thin
to the point of being barely perceptible, thus dif-
ferentiating it from an enteric duplication,
which has a thick wall. Most of these cysts
contain clear fluid, although more proximal
jejunal cysts tend to contain chyle. Some of
these chylous cysts have a characteristic appear-
ance; they tend to be unilocular and contain a
fluid–fluid level visible by imaging. The two
fluids are of fat and water densities, with the
uppermost containing fat. The two fluids mix
with a change in patient position.

Their MR appearance varies depending 
on cyst content. The cyst wall enhances 
postcontrast.

Table 14.1. Etiology of rectus sheath hematomas

Spontaneous
Anticoagulant therapy
Steroid therapy
Thrombocytopenia
Hemodialysis
Collagen disease
Idiopathic (especially in elderly patients)

Traumatic
Direct trauma, including surgical
Vigorous muscle exertion

Physical exertion
Coughing
Seizures
Pregnancy and labor
Tetanus
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Mesenteric cysts should probably be com-
pletely excised whenever possible; incompletely
excised cysts tend to recur and an occasional
one even undergoes malignant transformation.

Omental Cysts

In general, the types of cyst found in the mesen-
tery also develop in the omentum. The most
common omental cyst is a lymphangioma.

Inclusion (Mesothelial) Cysts

Peritoneal inclusion cysts, also known as
mesothelial cysts and benign cystic mesothe-
liomas, are found in premenopausal women and
typically are located adjacent to an ovary or sur-
round the ovary. Histologically, the cyst wall is
of mesothelial origin, although occasionally it
undergoes squamous metaplasia. Their rela-
tionship to benign mesotheliomas (discussed in
a later section) is unclear. They are not neoplas-
tic or premalignant.

Some peritoneal fluid originates as an
exudate from ovaries. This fluid is normally
absorbed by the peritoneum, except in a setting
of an injured peritoneum and resultant fibrosis
when fluid tends to accumulate in discrete cav-
ities surrounded by mesothelial proliferation.

These women present with pelvic pain. Most
have had previous surgery, pelvic inflammatory
disease, or endometriosis.

Imaging shows a single cyst, at times con-
taining septations, or a multilocular structure.
Computed tomography and US identify multi-
septated, thin- or thick-walled cysts. In some
women a spider-in-a-web appearance is found,
with the spider representing an entrapped ovary
(42). In general, in premenopausal women with
prior pelvic surgery, an US finding of an ovary
inside a complex cyst is typical for a peritoneal
inclusion cyst. At times the appearance mimics
a hydrosalpinx or an ovarian malignant cys-
tic neoplasm if a separate ovary cannot be
identified. A paraovarian cyst is also in the dif-
ferential diagnosis, although in this entity a dis-
tinct and separate ovary is identified.

Endovaginal Doppler US reveals low resistive
flow within the septations.

Some of these cysts are adequately treated by
simple drainage, while others recur. Recurrent
cysts can be treated by transvaginal US-guided
drainage and ethanol instillation into the cavity;

any subsequent recurrence is also similarly
treated.

Presacral Cysts

A list of presacral cystic tumors is rather exten-
sive (Table 14.2). Discussed here are develop-
mental cysts, which include epidermoid cysts,
dermoid cysts, enteric cysts, and neurenteric
cysts. A rare mesenteric cyst is presacral in 
location.

As the name implies, these cysts are located
anterior to the sacrum and posterior to the
rectum, are lined by epithelium, and are
believed to originate from residual embryonic
tissue. Some manifest in children; in adults
these cysts are more common in women. The
rare Currarino syndrome consists of an anorec-
tal malformation, a sacral bone defect, and a
presacral tumor such as a teratoma, meningo-
cele, or a developmental cyst.

Epidermoid cysts are lined with squamous
epithelium and contain a clear fluid. Dermoid
cysts are also lined with squamous epithelium
but contain additional dermoid components—
hair follicles, teeth structures, and so on. They
also contain lipid material. Rarely, multiple
dermoid cysts develop. The enteric origin
tailgut cysts are lined by a variety of epithelium,
at times containing columnar, squamous, and
transitional epithelium. To be considered a
rectal duplication cyst it should be part of the

Table 14.2. Cystic presacral tumors

Development cysts
Epidermoid cysts
Dermoid cysts
Neurenteric cysts
Cystic hamartomas
Rectal duplications

Neoplasms
Sacral origin neoplasms

Chordoma
Teratoma
Cystic meningocele

Necrotic presacral neoplasms
Necrotic rectal neoplasms

Other
Cystic lymphangioma
Abscess
Hemangioma
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rectal wall, contain rectal mucosa, and be sur-
rounded by smooth muscle. The contained fluid
has a mucous consistency.

Many presacral cysts are discovered inciden-
tally. Some are detected on rectal examination
as a posterior rectal tumor or a chronic fistula
posterior to the anus. If sufficiently large, bowel
obstructive symptoms or dysuria develop.

Imaging reveals a thin-walled, unilocular
cyst, thus distinguishing these cysts from
necrotic neoplasms and abscesses. A barium
enema shows a soft tissue tumor posterior to 
the rectum; occasionally contrast outlines a
fistulous tract. Calcifications are rare. A typical
MR appearance is that of a hypointense lesion
on T1- and hyperintense on T2-weighted
images. Hyperintense regions on T1-weighted
images should suggest fat in a dermoid cyst;
occasionally old blood or mucus will have a
similar appearance.

Complications include infection, fistula, and
malignant degeneration (Fig. 14.12). Especially
if infected, a cyst will appear thick-walled. Asso-
ciated soft tissue nodules or thick septa, espe-
cially if irregular in appearance, are seen with a
malignancy.

Hemangioma
Hemangiomas represent a developmental
anomaly rather than a neoplasm and consist of
endothelial-lined blood-filled channels. Most
common are cavernous hemangiomas, then

capillary ones, and least common and most
difficult to diagnose and resect are extraperi-
toneal venous hemangiomas, which when large
are called monstrous hemangiomas. Histology of
the latter reveals blood vessel walls. A transition
from hemangioma to angiomyoma exists with
these tumors. At times their large size and slow
blood flow preclude even an angiographic diag-
nosis (43).

In distinction to the liver, most mesenteric
hemangiomas occur in the pediatric popula-
tion; only an occasional one is detected in an
adult.

Lymphangioma
Cystic lymphangiomas are either congenital or
acquired, with many found in children. Often
located at the root of the mesentery, these chyle-
containing fluid collections represent lymphatic
structures analogous to hemangiomas. They are
lined by normal endothelial cells. Lymphoid
tissue is often found at the periphery. An occa-
sional one is extraperitoneal in location. They
range from unilocular to multilocular, and from
single to diffuse lymphangiomatosis.

Some lymphangiomas are detected inciden-
tally. An occasional one results in intractable
chyluria, bowel obstruction or an acute
abdomen. It is mostly the mesenteric lymphan-
giomas which result in an acute abdomen due
to bowel obstruction and related complications.
Some lymphangiomas are associated with 
recurrent gastric or small bowel volvulus. An
occasional one enlarges rapidly secondary to
intracystic hemorrhage. Some of these lym-
phangioma are associated with recurrent
gastric or small bowel volvulus.

Some lymphangiomas can be suspected with
imaging, with the diagnosis confirmed by aspi-
ration cytology. Especially in children, conven-
tional radiography detects a large, noncalcified
tumor. Ultrasonography reveals a cystic tumor
containing thin septations. Some cystic lym-
phangiomas in adults contain calcifications. The
solid tumor portion and capsule enhance post-
contrast. The cyst content is either of fluid 
attenuation or higher, presumably because of
bleeding or infection. A lipid-containing lym-
phangioma suggests a lipomatous tumor.

Ultrasonography shows cystic lymphan-
giomas as cystic tumors containing septations

Figure 14.12. Remnants of a presacral cyst (arrow) after partial
resection.The rectum is displaced to the left.(Courtesy of Algidas
Basevicius, M.D., Kaunas Medical University, Kaunas, Lithuania.)



897

PERITONEUM, MESENTERY, AND EXTRAPERITONEAL SOFT TISSUES

and occasionally nodules. These lesions are pre-
dominantly anechoic. Any hyperechoic debris is
presumably secondary to either hemorrhage or
infection. Cyst septations are better identified
with US than with CT. Magnetic resonance
findings vary depending on the amount of
protein and blood present. The multilocular
appearance and enhancing stroma and capsule
as shown by CT should suggest the diagnosis.

An occasional multicystic mesothelioma 
or cystadenocarcinoma has a similar imaging
appearance, and tissue and fluid are neces-
sary to confirm the diagnosis. Aspiration 
cytology reveals macrophages and abundant 
lymphocytes.

Percutaneous lymphangioma sclerotherapy
with an alcoholic solution results in inconsistent
results.

Pseudomyxoma Peritonei
Clinical

Pseudomyxoma peritonei is a poorly under-
stood condition and its definition is controver-
sial. It is characterized by mucinous ascites 
and peritoneal tumor implants. Rarely, it is asso-
ciated with a paraneoplastic syndrome. Some
authors use the term pseudomyxoma peritonei
only for a malignancy, while others also include
benign tumors. The most common primary site
is the ovary; less common is an appendiceal
origin, and perhaps least common is an urachal
origin. A rare intraductal papillary mucinous
neoplasm of the pancreas is associated with
pseudomyxoma peritonei (44). At times syn-
chronous mucinous tumors are detected both in
the appendix and ovary, or colon and ovary,
together with pseudomyxoma peritonei; the
former tumors probably are not independent,
but originate one from the other and rupture 
of one of these tumors probably results in
pseudomyxoma peritonei, produced by well-
differentiated columnar epithelium.

Only rarely does pseudomyxoma involve
extraperitoneal tissues, appropriately called
pseudomyxoma retroperitonei. Most of these are
focal rather than diffuse. Thus an occasional
mucinous tumor in a retrocecal appendix bursts
and results in a retroperitoneal cystic tumor,
detectable by imaging.

Some authors subdivide this condition into
two distinct categories (45): a disseminated

peritoneal adenomucinosis and a peritoneal
mucinous carcinomatosis. The former is com-
posed of extracellular mucin and a mucinous
epithelium with little cytologic atypia or mitotic
activity, at times with an associated appendiceal
mucinous adenoma. The latter is composed of a
more abundant mucinous epithelium having
features of a carcinoma, at times with an asso-
ciated mucinous adenocarcinoma. In some
patients this condition is intermediate between
the adenomucinosis and carcinomatosis vari-
eties. The primary reason in subdividing this
entity is a difference in prognosis; the 5-year
survival rates for patients with adenomucinosis
are 84%, with the intermediate form 38%, and
7% for patients with the carcinomatosis variety
(45).

Only rarely can the entire tumor be resected,
with debulking being the most common opera-
tion performed. Because of extensive peritoneal
involvement, these patients tend to develop
recurrent bowel obstructions. The results of
chemotherapy vary.

Imaging

With the peritoneal cavity filled with sebaceous
material, abdominal radiography reveals a wide
fat stripe between the parietal peritoneum and
lateral wall of the ascending colon, mimick-
ing increased intraperitoneal fat. Occasionally
curvilinear calcifications develop here. Right
lower quadrant calcifications can also be seen in
myxoglobulosis.

Computed tomography reveals pseudomyx-
oma peritonei as numerous, septated, heteroge-
neous intraabdominal cysts, with cyst content
having a density higher than water. The liver
and spleen outlines are often scalloped due to
adjacent implants. Ultrasonography shows that
the viscous fluid is not mobile, with numerous
echoes corresponding to the gelatinous masses.
Occasionally the viscous fluid and cyst walls
have a highly hyperechoic appearance. Ultra-
sonography is useful in identifying less viscid
material for biopsy.

Pseudomyxoma nodules are hypointense on
T1-weighted MR images (Fig. 14.13). Any 
adenocarcinoma component enhances after iv
gadolinium.

At times differentiation of pseudomyxoma
peritonei from ascites can be difficult. With
ascites, small bowel loops tend to float on top;
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with pseudomyxoma peritonei bowel loops are
more centrally displaced and compressed.

Solid Tumors
Discussed here are intraperitoneal and primary
extraperitoneal tumors originating outside dis-
crete organs. They are not common. A majority
are malignant. Clinical presentation with these
tumors varies depending on the structure
affected.An example of an unusual presentation
is a primitive extraperitoneal tumor manifest-
ing as a varicocele (46).

Imaging
Intra- and extraperitoneal tumors show consid-
erable variability in their imaging findings, and
the individual tumor types are thus discussed
separately. Nevertheless, some general conclu-
sions are apparent. For solid tumor detection
MRI appears superior to CT. In patients with
known or suspected extrahepatic malignancies,
abdominal contrast-enhanced CT detected 70%
of proven tumor sites compared with 91% for
MRI (47); MRI detected significantly more
tumors involving peritoneum, bowel, vascular
structures, and bones. For benign disease, on

the other hand, no significant differences were
evident between the two imaging modalities.

In general, CT criteria do not disting-
uish between benign and malignant tumors,
although a malignancy is suggested if the
patient is symptomatic and imaging detects a
large tumor with irregular margins.
Calcifications suggest a benign tumor, but
exceptions do occur. Invasion of surrounding
structures is an obvious feature of malignancy
tumors. Contrast enhancement of a solid com-
ponent is common with a malignancy but is also
seen with benign tumors.

Adenopathy
Benign lymph node hyperplasia occurs in a
number of chronic disorders, with Laënnec’s
cirrhosis and Crohn’s disease being common
examples. The prevalence of node hyperplasia
increases with the severity of disease, being
especially common in end-stage cirrhosis.

Tumor-Associated Adenopathy

Heavily calcified lymph nodes generally imply
prior infection, but calcifications, often visible
by CT, do occur with malignant infiltration.

Figure 14.13. Pseudomyxoma peritonei. A: Transverse fast spin echo (FSE) T2-weighted magnetic resonance (MR) image identifies
a hyperintense tumor. B: Enhancement of solid component is evident on postcontrast fat-saturated T1-weighted image. (Source:
Szklaruk J,Tamm EP, Choi H,Varavithya V.Magnetic resonance imaging of common and uncommon large pelvic masses.RadioGraphics
2003;23:403–424, with permission from the Radiological Society of North America.)

A B
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Para-aortic adenopathy is more common
with non-Hodgkin’s lymphoma than with
Hodgkin’s lymphoma. Imaging shows either
discretely enlarged nodes or confluent tumors.
These nodes are hypoechoic or even anechoic
with US. Nonlymphomatous tumor involvement
generally results in a more hyperechoic and het-
erogeneous lymph node appearance.

With most tumors, including lymphoma, CT
and MR simply detect whether lymph nodes are
enlarged or not. Most authors simply assume
that nodes above a certain size are malignant,
with 10 mm often being a cutoff size used; this
limit achieves a low sensitivity but specificity is
>90% in detecting lymph node metastasis. CT
and MRI appear comparable in detecting most
lymph node enlargement. Also, one should keep
in mind that asymmetry of small pelvic nodes
is not uncommon, even with normal nodes.
Magnetic resonance readily differentiates
lymph nodes from vascular structures, a task
occasionally difficult with CT. At times even
contrast-enhanced CT does not differentiate
between some pelvic lymph nodes and 
venous structures because some nodes also
enhance.

Based on tissue characterization, neither CT
nor unenhanced MR differentiates between
neoplastic nodal infiltration and inflammatory
conditions. T1 and T2 relaxation times of
normal, inflammatory, and neoplastic nodes
overlap and are not reliable in differentiating
these conditions. Even gadolinium-enhanced
MRI does not differentiate between normal
nodes and metastasis-containing nodes. Excep-
tions to the above are nodes with central necro-
sis—regardless of size, these generally represent
metastases, although exceptions also occur 
here because similar changes are found with
neurofibromatosis, abdominal tuberculosis,
and Whipple’s disease.

Potentially, color Doppler US can differenti-
ate between reactive and malignant adenopathy
by detecting intranodal focal perfusion defects,
aberrant central vessels, displacement of intra-
nodal vessels, and the presence of subcapsular
vessels, findings pointing toward a malignancy.
One color Doppler US study of superficial
lymph nodes achieved a 96% sensitivity and
77% specificity in differentiating reactive and
malignant nodes (48).

Laparoscopic US shows most benign lymph
nodes to have a hyperechoic center and an oval

shape, while neoplastic nodes tend to be more
round and inhomogeneous. There is, however,
considerable overlap in the appearance of
benign and malignant nodes. Also, fatty infiltra-
tion makes some nodes blend into the sur-
rounding soft tissues.

Ultrasmall superparamagnetic iron oxide
particles (ferumoxtran), however, are taken up
by normal lymph tissue but not metastatic foci,
and the use of this contrast agent thus selec-
tively decreases T2-weighted signal intensity of
even normal-sized nodes but not those contain-
ing metastases. Ferumoxtran-enhanced MRI is
unique among present-day imaging modalities
in being able to detect metastases even in
normal-sized lymph nodes. Potentially, FDG-
PET has similar capabilities in visualizing
lymph node metastases, although it accumulates
in the bladder and obscures visualization of
pelvic nodes.

Once enlarged lymph nodes are detected,
fine-needle aspiration using appropriate image
guidance is accurate in differentiating between
neoplastic and inflammatory nodes. Some
lymph nodes are accessible for endoscopic US-
guided aspiration.

Mesenteric Adenitis

Mesenteric adenitis is a description of patho-
logic findings rather than a specific disease.
Clinically, it often mimics appendicitis. A not
uncommon presentation is a patient with an
acute onset of right lower quadrant pain,
imaging reveals enlarged mesenteric lymph
nodes, and a normal appendix is found at
surgery. Associated ileal or ileocecal wall thick-
ening is identified in some patients. Yersinia
enterocolitica infection is a common cause,
although in only about half of these patients is
an eventual etiology identified.

Castleman’s Disease

Angiofollicular lymph node hyperplasia, or
Castleman’s disease, is not common. Enlarged
nodes range from unicentric (focal) to multi-
centric (generalized). An isolated extraperi-
toneal conglomerate tumor is one form of
presentation. Less common is extranodal inv-
olvement, including intrahepatic disease. Two
histologic types of this disease exist—a more
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frequent hyalin vascular type and a plasma 
cell type—although occasionally found is a
mixture of both types. Histologic features
consist of lymph node hyperplasia and capillary
proliferation.

In a rare patient both multicentric Castle-
man’s disease and primary effusion lymphoma
coexist, and presumably lymphoid cells have
undergone malignant transformation. Rarely, a
high-grade lymphoma develops even in the
localized form of Castleman’s disease (49). An
association with Kaposi’s sarcoma has been
described.

Castleman’s disease occurs in both children
and adults. Clinically, it overlaps with some
immunologic conditions. Although Castleman’s
disease is often considered to be benign, the
multicentric type has a poor prognosis. Anemia
and hypergammaglobulinemia develop, espe-
cially with the plasma cell variety. In many of
these patients a malignancy is the major differ-
ential consideration. One should keep in mind
that a pathologist may not be able to differenti-
ate Castleman’s disease from Hodgkin’s lym-
phoma on fine-needle aspiration cytology (50),
and although imaging defines these tumors,
diagnosis is made from biopsy or surgical tissue.

The most common imaging appearance of
Castleman’s disease is of a well-defined tumor,
enhancing homogeneously when small but
becoming heterogeneous with growth due to
central necrosis (51). Computed tomography
and US of extraperitoneal Castleman’s disease
identify a well-defined, highly vascular tumor
mimicking a malignancy (52). Some of these
tumors develop vascular encasement. An occa-
sional one develops calcifications. Magnetic res-
onance imaging also readily detects adenopathy.

Whole-body PET imaging in a patient with
Castleman’s disease localized FDG to a pelvic
tumor identified previously by CT (53); uptake
was less than expected for a low- to intermedi-
ate-grade lymphoma.

Surgical resection of unicentric Castleman’s
disease tends to be curative. Clinical and 
biochemical abnormalities clear after tumor
resection.

An example: Computed tomography and MRI
identified hydronephrosis and a tumor adjacent
to the right ureter in a 45-year-old woman; a
right nephrectomy was performed for a pre-
sumed primary ureteral tumor, but histology
revealed plasma cell type of Castleman’s disease

(54). A year later CT revealed left hydronephro-
sis and a tumor adjacent to the ureter; steroid
therapy was instituted for presumed Castle-
man’s disease and the tumor resolved.

Necrotizing Lymphadenitis 
(Kikuchi-Fujimoto Disease)

Necrotizing lymphadenitis, also called histio-
cytic necrotizing lymphadenitis, apoptotic
lymphadenitis, and Kikuchi-Fujimoto disease,
develops mostly in young women and usually
resolves spontaneously. Fever and lympha-
denopathy are the usual clinical findings. Head
and neck adenopathy is most common, but
some develop retroperitoneal involvement or
splenomegaly. Lymph node infiltration by histi-
ocytes and plasma cells in a setting of lymph
node necrosis is a common feature, albeit necro-
sis is not always found. It is a disease of
unknown etiology; a hyperimmune reaction to
a possible viral infection has been both sug-
gested and denied. Two women developed
necrotizing lymphadenitis during remission 
of diffuse large B-cell lymphoma (55). Necrotiz-
ing lymphadenitis and systemic lupus erythe-
matosus have developed in the same patient.
In fact, a type of necrotizing lymphadenitis 
does exist in lupus, and some type of relation-
ship between the two entities would not be 
surprising.

Imaging identifies adenopathy, either focal 
or diffuse. Computed tomography and MR in
three patients showed uniformly enhancing
small lymph nodes in the submandibular, axil-
lary, gastrohepatic, celiac, periportal, para-
aortic, retrocrural, mesenteric, and inguinal
regions (56); the lymph nodes were <18 mm in
diameter.

The differential diagnosis includes infec-
tions such as toxoplasmosis and tuberculosis,
Castleman’s disease, and malignant lymphoma.

Lymphoma
Clinical

The World Health Organization in 1997
classified lymphomas based on clinical, mor-
phologic, immunologic, and genetic grounds.
Lymphomas are subdivided into B-cell neo-
plasms, T-cell neoplasms, and Hodgkin’s
disease. Both B-cell and T-cell neoplasms are
further subdivided into precursor neoplasms
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and peripheral neoplasms. Peripheral T-cell
neoplasms can be further subdivided into dis-
seminated, primary extranodal, and predomi-
nantly nodal. Location and clinical syndrome
aid in further defining T-cell lymphoma.

The human herpesvirus type 8 (HHV-8 or
Kaposi’s sarcoma–associated herpesvirus) is
associated with primary effusion lymphoma (or
body cavity lymphoma) and multicentric
Castleman’s disease. This virus may also have a
role in other lymphomas, including multiple
myeloma and some atypical lymphoprolifera-
tions, and in sarcoidosis, although the evidence
is not firm.

Primarily splenic and extraperitoneal inv-
olvement is a hallmark of Hodgkin’s lymphoma.
The vast majority of primary extranodal lym-
phomas are non-Hodgkin’s; they involve the
extraperitoneum, bowel, mesentery, and other
adjacent structures. Lymphomatous omental
infiltration is uncommon, with most omental
involvement being with non-Hodgkin’s lym-
phoma. Malignant nodal lymphoma prognosis
and therapy differ from bowel lymphoma.
With the exception of mucosa-associated lym-
phoid tissue (MALT) lymphomas, most non-
Hodgkin’s lymphomas are highly malignant.

Abdominal pain is a common presentation.
Diffuse infiltration evolving into bowel obstruc-
tion and perforation can lead to an initial pres-
entation of an acute abdomen.

The principal therapeutic options with
diffuse lymphoma are chemotherapy and radio-
therapy. Chemotherapy combined with autolo-
gous hematopoietic stem cell infusion improves
patient survival in those with relapsing high-
grade non-Hodgkin’s lymphoma. Considerable
current research involves the use of antibodies
against lymphoma cells.

Imaging

With clinically suspected lymphoma, lymphan-
giography has been replaced by CT. Numerous
studies show that the ability to detect abnormal
extraperitoneal lymph nodes is roughly compa-
rable between lymphangiography and CT, but
CT has the advantage of also imaging intraperi-
toneal and other lymph nodes not normally
opacified during lymphangiography. Especially
with non-Hodgkin’s lymphoma and its high
propensity for mesenteric nodal involvement,
CT has obvious advantages. Although in the

United States CT has also evolved as the 
dominant imaging modality with Hodgkin’s
lymphoma, the advantages of CT over lym-
phangiography in this setting are not as clear-
cut, and lymphangiography continues to be
performed for Hodgkin’s lymphoma more often
in parts of Europe. Because lymphangiography
can suggest tumor infiltration even in normal-
sized nodes, the presence of supradiaphrag-
matic Hodgkin’s lymphoma and a normal
abdominal CT is considered in some European
centers to be an indication for staging 
lymphangiography. For an adequate nodal eval-
uation, however, a technically excellent lym-
phangiogram is necessary, and appropriate skill
in performing these studies is not available in all
centers. Also, mild adenopathy and node foami-
ness do not imply lymphomatous involvement
and are seen in a number of nonneoplastic con-
ditions. In any case, staging laparotomy has
made a discussion of the relative merits of CT
and lymphangiography a moot point in most
patients. Although more invasive than lym-
phangiography, laparotomy staging is consid-
ered to be more accurate.

The role of lymphoscintigraphy is still
debated. Such scintigraphic agents as Tc-99m–
diethylenetriamine pentaacetic acid (DTPA)–
human serum albumin show promise in 
lymphoma staging.

Abdominal lymphomas range from nodular
to bulky confluent tumors. Mesenteric nodal
involvement is considerably more common with
non-Hodgkin’s lymphoma than with Hodgkin’s
lymphoma. Nodal involvement is seen as
numerous smooth soft tissue tumors within the
mesentery. Extensive nodal involvement results
in confluent mesenteric masses surrounding
major vessels (Figs. 14.14 and 14.15). Lym-
phomas tend to have a homogeneous CT
density. With the exception of melanoma, carci-
nomatosis more often leads to a diffuse mesen-
teric infiltrate. A rare lymphoma involves the
peritoneal surfaces diffusely; it is indistinguish-
able from carcinomatosis.

Most calcifications in a setting of lymphoma
develop after therapy, although a rare untreated
Burkitt’s lymphoma contains calcifications.

Ultrasonography has a limited role in lym-
phoma detection. Tumor involvement ranges
from diffuse and nodular to large confluent
masses. Involved nodes are homogeneous and
mostly hypoechoic in appearance.
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Computed tomography is often used to follow
a patient with prior lymphoma, with MR being
a viable alternative. Yet among 78 patients with
stages I to III of follicular lymphoma who
relapsed, only 14% of recurrences were detected
primarily with abdominal or pelvic CT, with
clinical, hematologic, and other imaging detect-
ing the rest (57).

Magnetic resonance imaging in initial tumor
detection and staging is still evolving. It has
established its usefulness during the first 6
months after therapy in following the tumor
size, but the signal intensity patterns during 
this time are not specific for identifying recur-
rence. However, MRI does differentiate late
posttherapy fibrosis (hypointense on T2-
weighted images) from viable lymph nodes

(hyperintense or heterogeneous on T2-weighted
images). Also, fibrotic tissue shows minimal MR
enhancement postcontrast, while recurrence
generally enhances markedly. Such lymph node
enhancement is not limited to lymphoma; many
benign conditions and nodal metastases also
enhance.

An exception to the use of CT or MR is in
patients who have undergone a prior lymphan-
giogram, where conventional radiography is
often sufficient to visualize any change in
opacified nodes.

Biopsy, regardless of how it is obtained, is
generally diagnostic. Fine-needle aspiration
cytology, although usually diagnostic, occa-
sionally cannot distinguish reactive lymphoid
hyperplasia from malignant lymphoma.

Figure 14.14. Abdominal lymphoma. A,B: Two contrast-enhanced CT images reveal an enlarged pancreas, encased great vessels and
numerous renal tumors. (Courtesy of Patrick Fultz, M.D., University of Rochester.)

Figure 14.15. Lymphoma obstructing ureters. A: CT identifies a bulky retroperitoneal infiltration encasing a calcified aorta (arrow).
Bilateral ureteral catheters are in place. B: Retrograde urethrogram reveals a long extrinsic left ureteral obstruction. (Courtesy of
Patrick Fultz, M.D., University of Rochester.)
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Some involved lymph nodes do not revert to
normal size after successful therapy. In addi-
tion, considerable distortion is produced by
fibrosis. Magnetic resonance is helpful in this
setting; fibrosis is hypointense on both T1- and
T2-weighted images. This issue is not always
clear-cut, because not only neoplasms but also
inflammation and necrosis have an increased
signal intensity on T2-weighted images.

Gallium-67 scintigraphy is useful in staging
and evaluating lymphoma therapy for both
Hodgkin’s disease and non-Hodgkin’s lym-
phoma. Viable lymphoma tissue takes up Ga 
67, a finding not seen with residual fibrosis 
or necrotic tissue, and an abnormal uptake of
Ga-67 citrate after chemotherapy generally
implies residual tumor. Nevertheless, Ga 67 has
a relatively low sensitivity with low-grade 
lymphoma.

2-[18F]-fluoro-deoxy-D-glucose PET is
highly sensitive in detecting viable tumor and is
superior to both CT and Ga-67 scintigraphy.
Computer tomography, however, provides addi-
tional information, including localization, and
thus the current interest in combined PET-CT
units. Of note is that PET-FDG detects both
Hodgkin’s and non-Hodgkin’s lymphomas but
does not differentiate between them. It has a low
sensitivity in detecting MALT lymphomas. In
general, tumor-to-background activity is great-
est with high-grade lymphomas. It detects even
normal-sized involved lymph nodes, and PET
detects both nodal and extranodal involvement,
although the sensitivity appears to be lower for
bone marrow involvement than for other sites.
False-positive findings occur with some nodes
affected by inflammatory disease. The reverse is
also true—inflammation may obscure tumor
involvement because of increased uptake. The
current primary role of FDG-PET is in evaluat-
ing residual deformity after therapy by accu-
mulating FDG in viable tumors but not in
fibrosis, a task not suitable for CT.

Plasmacytoma
An extramedullary plasmacytoma can occur 
as an isolated manifestation; it can be a metas-
tasis from another site, or evolve into general-
ized disease (i.e., multiple myeloma). Most
extramedullary plasmacytomas occur in lymph
nodes. The diagnosis is often unsuspected prior
to cytology.

The most common CT finding is that of a
hypodense tumor with little contrast enhance-
ment. Pre- and postcontrast T1-weighted MR
combined with fast spin echo (FSE) short-time
inversion recovery (STIR) sequences should
detect both focal bone marrow plasmocytomas
and diffuse infiltration.

Lymphangioleiomyomatosis
Lymphangioleiomyomatosis is a rare condition
difficult to classify, but probably of hamar-
tomatous origin. It consists of smooth mu-
scle proliferation within lymphatics. A single
lymphangioleiomyoma is less common than
lymphangioleiomyomatosis. The mediastinum,
lungs (pulmonary cysts), and retroperitoneum
are most often involved, less often the kidneys
and other structures. It is related to tuberous
sclerosis; in fact, one of the gene mutations
found in tuberous sclerosis is also common in
lymphangioleiomyomatosis. Pulmonary lym-
phangioleiomyomatosis tends to be associated
with renal angiomyolipomas and, less often,
with abdominal lymphangioleiomyomatosis.
Some endothelium-lined lymphangiomas 
(discussed in a previous section) and lymp-
hangioleiomyomas have a similar imaging
appearance, with the difference being that the
former contains no smooth muscle cells—a
finding established by histology. Their etiologies
also appear to differ. Abdominal lymphangi-
oleiomyomatosis is due to proliferation of lym-
phatic smooth muscle cells and the resultant
lymphatic obstruction. Most occur in women of
childbearing age, with only an occasional lym-
phangioleiomyoma described in a young child.

In patients with thoracic lymphangioleiomy-
omatosis, renal angiomyolipomas were found 
in 54%, abdominal lymphadenopathy in 39%,
lymphangiomyomas in 16%, ascites in 10%, a
dilated thoracic duct in 9%, and hepatic
angiomyolipomas in 4% (58); a direct cor-
relation existed between abdominal lympha-
denopathy and the severity of lung disease.

Imaging detects solid or cystic tumors,
mostly in the retroperitoneum. Associated
lymph node enlargement is common. Of inter-
est is that some of these lymph nodes are hypo-
dense and contain lymph, while others enhance
postcontrast, presumably secondary to their
mostly smooth muscle content.
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Inflammatory Pseudotumor
(Fibrosarcoma)
An unusual entity is the so-called inflamma-
tory pseudotumor or fibrosarcoma, a condition
believed to be nonneoplastic by some.A number
of terms are used in the literature to describe
this condition (Table 14.3) and they reflect
divergent views held among pathologists about
its pathogenesis. Whether the tumors described
represent one entity or are a collection of several
conditions, are histogenetically related or not,
inflammatory or neoplastic, benign or malig-
nant, is conjecture. These tumors were first
described in the lungs but they occur through-
out the body, including bowel, mesentery,
liver, and extraperitoneum. Histologically they
consist of fibroblasts, myofibroblasts, variable
amounts of fibrosis, and occasional calcifi-
cations, and include an inflammatory infiltrate
consisting of lymphocytes, plasma cells, and
eosinophils. Myofibroblasts appear to play a
central role, hence the inclusion of this term in
some of the nomenclature. These tumors differ
from granular cell myoblastomas, which are
considered to be of neural origin. They also
differ from xanthogranulomatosis (discussed
earlier; see Diffuse Infiltration).

Pathologically, these tumors exhibit consider-
able heterogeneity, and a diagnosis from a
needle biopsy specimen is difficult; immunohis-
tologic studies are often not helpful. They tend
to have benign-appearing cytology and often
have relative hypocellularity. Clonal chromoso-
mal aberrations have been detected in some,
suggesting a malignant tendency. Polymerase
chain reaction studies for Epstein-Barr virus
and cytomegalovirus suggest that these viruses
do not play a role in this entity.

Most of these tumors occur in children, but
they range from neonates to elderly. Clinically,
patients present with pain, anemia, a palpable
tumor, or bowel obstruction. Many initially
manifest an indolent clinical course and an
aberrant response to tissue injury is postulated
as a likely pathogenesis. Others, however, act in
a malignant fashion. Recurrence is common
unless widely excised. Metastases have been
reported.

Primary Carcinoma
An unusual entity called normal-sized ovary
carcinoma syndrome, primary papillary serous
peritoneal carcinoma and other similar names,
consists of diffuse malignant abdominal cavity
involvement, normal size ovaries, and no
obvious source for a primary malignancy found
by either preoperative or operative evaluation.
In general, distinguishing primary peritoneal
tumors such as malignant mesotheliomas and
serous surface papillary adenocarcinomas from
metastatic peritoneal tumors is a challenge and
involves the use of a hyaluronidase digestion
test, electron microscopy, and immunohisto-
chemical antibody studies. Comparing women
with primary peritoneal carcinoma with those
with primary epithelial ovarian cancer reveals
very similar findings.

Ascites is common. Peritoneal involvement is
either nodular or diffuse (omental cake). The
omentum is affected in most, but adenopathy
develops only in a minority. An occasional peri-
toneal primary papillary serous carcinoma con-
tains calcifications.

These rare primary peritoneal adenocarci-
nomas are a diagnosis of exclusion. In most
patients an adenocarcinoma of unknown
primary poses a diagnostic and therapeutic
dilemma. In general, the yield from multiple
diagnostic procedures aimed at detecting the
primary site is low and, even if detected, the
therapeutic options are limited. One exception
to such a nihilistic approach is in those women
presenting with malignant ascites and no pelvic
tumor, but who are found to have a peritoneal
serous papillary adenocarcinoma. Some of these
tumors consist of numerous small nodules
throughout the peritoneal cavity, at times
beyond the resolution of imaging. A number of
these tumors respond to chemotherapy and

Table 14.3. Alternate terms used for inflammatory
pseudotumor (these do not necessarily represent a single
pathologic entity)

Fibrosarcoma
Plasma cell granuloma
Inflammatory myofibroblastic tumor
Inflammatory myofibrohistiocytic proliferation
Xanthoma
Fibroxanthoma
Histiocytoma
Plasmacytoma
Solitary mast cell tumor
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have a good prognosis, thus the importance of
differentiating this entity from metastatic
ovarian carcinoma.

A primary mucinous cystadenocarcinoma, in
a setting of normal ovaries, can develop in the
extraperitoneum. A number of these tumors
originate from ovarian tissue, although some
are associated with normal ovaries. A possible
origin is in heterotopic ovarian tissue, a ter-
atoma, urogenital rest, intestinal duplication, or
even some other metaplasia. One mucinous cys-
tadenoma was in contact with the isthmus of a
horseshoe kidney (59); the patient also had con-
genital absence of the left ovary.

Metastases/Carcinomatosis
Clinical

The most common primary site of peritoneal
carcinomatosis is gynecologic; less often seen
are gastric and colonic primaries, and rarely
breast carcinoma. On rare occasions pancrea-
tic papillary cystic neoplasms (discussed in
Chapter 9) lead to peritoneal carcinomatosis, at
times after abdominal trauma. Most frustrating,
in some patients a primary site simply cannot
be found (Fig. 14.16).

Wilms’ tumors spread to the peritoneal
cavity; they develop mesenteric, greater
omental, and pelvic metastases. Ascites is an
inconsistent finding. These tumors range from
broad infiltration to focal masses, findings
detected by imaging.

Testicular cancers initially metastasize to the
extraperitoneum. After successful chemother-
apy residual enlarged nodes pose a dilemma: Do
these represent necrotic, nonviable tumor or do
they contain cancer? Complicating this issue is
the rare metastatic testicular germ cell tumor
evolving into a mature teratoma after being
treated with chemotherapy and resection.

Metastasis to the umbilicus, in the United
States often called Sister Mary Joseph nodes, is
more common than a primary malignancy at
this location. Most of these tumors have a gyne-
cologic origin, with an occasional one being a
renal cell carcinoma or some other sites. These
metastases appear before, during, or after the
primary tumor is detected. Associated peri-
toneal implants are common.

Tissue is generally needed for specific diag-
nosis, although even this may provide limited
information. Image-guided 18-gauge needle
biopsies of “omental cake” (which refers to
extensive omental infiltration), peritoneal, or
adnexal tumors in women with undiagnosed
peritoneal carcinomatosis suggested a primary
tumor site in only 77% (60); a poorly differenti-
ated adenocarcinoma with an immunohisto-
chemical profile suggesting ovarian cancer was
found in another 20%. A peritoneal core biopsy,
together with immunohistochemical analysis,
establishes a site-specific diagnosis in most of
these women.

Cytologic material is obtained from peri-
toneal washings as a follow-up in some women
with ovarian cancer. A peritoneal reservoir can
be implanted after tumor debulking and peri-
toneal washing cytology obtained at several-
week intervals; a recurrence is detected in some
women by peritoneal cytology prior to other
positive findings.

Imaging

Imaging identifies peritoneal tumors, detects
any cystic component, and at times suggests the
site of origin. Imaging usually does not differ-
entiate between benign and malignant, nor does
it differentiate between primary and secondary

Figure 14.16. Primary peritoneal carcinomatosis in a man
results in multiple sites of bowel obstruction.
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neoplasms. Also, the rare diffuse peritoneal
leiomyomatosis is in the differential diagnosis.
Although most imaging modalities detect wide-
spread peritoneal carcinomatosis, early or small
tumors are difficult to identify. Both CT and MR
detect enlarged nodes.

Currently CT is the most often used imaging
modality to study peritoneal carcinomatosis,
although fat-saturated, spin echo contrast-
enhanced MR sequences appear superior, being
aided by peritoneal contrast enhancement (61).
Computed tomography findings in patients
with peritoneal carcinomatosis most often
consist of peritoneal implants followed 
by ascites, mesenteric implants, and omental
implants (Fig. 14.17). Tumor appearance varies
with the site of involvement and the imaging
technique used. Peritoneal implants range 
from small nodules, diffuse infiltration, to an
irregular, thickened “cake.” Ascites aids CT
identification of small nodules. Mesenteric and
omental implants likewise have a broad imaging
spectrum, including omental cake. Contrast-
enhanced CT of carcinomatosis and some infec-
tions often shows enhancement of a thickened
peritoneum and does not differentiate between
these entities. Visible peritoneal calcifications
suggest metastatic ovarian carcinoma; most
other metastases do not calcify heavily. Prior
peritonitis can, of course, result in calcifications
and extensive sheet-like deposits generally are
due to benign disease rather than a malignancy.

Ascites provides an acoustic window for US.
In a setting of carcinomatosis US evaluates the
extent of ascites, tumor nodules, and adenopa-
thy, and can also image omental and mesenteric
involvement.

A fat-suppression MR technique aids visual-
izing subtle carcinomatosis. Postcontrast MRI
identifies an enhancing, thickened peritoneum,
achieving sensitivities and specificities of about
90% in detecting peritoneal tumor spread. Peri-
toneal implants become hyperintense on post-
contrast delayed MR images. An MRI finding of
enhancing ascites 15 to 20 minutes after IV con-
trast is not uncommon in peritoneal carcino-
matosis. Magnetic resonance lymphography
using ultrasmall SPIO particles is a potential aid
in detecting nodal disease, but these studies are
currently more research than clinical.

An induced pneumoperitoneum during CT
visualizes most tumor implants in the peri-
toneum, with the exception of the pelvis and
some peritoneal recesses. A pneumoperitoneum
allowed detection of intraabdominal adhesions.

Computed tomography does not detect sub-
tle peritoneal metastases; for some of these,
gallium-67 scintigraphy or FDG-PET appear to
be superior, but keep in mind that occasionally
even disseminated peritoneal carcinomatosis is
not detected by PET; only limited data are avail-
able on this point. Indium-111–satumomab
pendetide planar and SPECT imaging are useful
in detecting some carcinomatosis.

In some parts of the world both tuberculous
peritonitis and peritoneal carcinomatosis are
encountered. The CT findings in both overlap
(Table 14.4). Computed tomography, endoscopy,
and even biopsy can suggest Crohn’s disease,
when in reality the patient has peritoneal carci-
nomatosis. Perforation of an ovarian cystic ter-
atoma with intraperitoneal spill of cyst content
also mimics carcinomatosis.

Although not common, hepatocellular carci-
noma can result in intraperitoneal metastases,
including omental seeding. Imaging reveals dis-
crete single or multiple hypervascular nodules,
with larger ones containing necrosis; adjacent
vessel engorgement, including prominent drain-
ing veins, is identified in some.

Mesenchymal Tumors
A full range of mesenchymal neoplasms are
encountered in the peritoneum and extraperi-

Figure 14.17. Peritoneal metastases from ovarian carcinoma.
Computed tomography outlines an irregular cake-like tumor
(arrows). (Courtesy of Algidas Basevicius, M.D., Kaunas Medical
University, Kaunas, Lithuania.)
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toneum. In general, a malignant mesenchymal
neoplasm is more common than its benign
counterpart. Some poorly differentiated sarco-
mas are difficult to classify (Fig. 14.18). The rare
peritoneal adenosarcoma probably originates
from regions of endometriosis.

Both malignant and benign fibrous tumors
develop in the retroperitoneum and peritoneal
cavity. Diffuse fibrosis/desmoid tumors have
been discussed earlier.

Mesothelioma

A number of authors list mesothelioma as a sep-
arate type of neoplasm, although it is of mes-
enchymal origin, and the most common form is

a sarcoma. Two types of mesothelioma exist: the
more common malignant variety and a less
common relatively benign form. Whether these
represent a variation of the same entity or are
different conditions is conjecture. One hypoth-
esis is that the benign variety simply represents
a proliferation of mesothelioma cells due to a
reaction to an insult. In either case, even the
benign mesotheliomas tend to recur unless
completely resected.

Both the benign and malignant forms have
similar imaging findings, although some benign
peritoneal mesotheliomas have a multicystic
imaging appearance and thus mimic other
cystic tumors. These tumors range from small
peritoneal nodules, large tumors, to diffuse peri-

Table 14.4. Computed tomography differentiation of tuberculous peritonitis and peritoneal carcinomatosis

Tuberculous peritonitis Peritoneal carcinomatosis
Reference (62) (63) (62) (63)

Number of patients 42 19 93 19

Peritoneal thickening
Slight, smooth 79% 26%
Irregular 0% 47%

Peritoneal nodules 0% 37%

Mesenteric nodules 26% 16%
<5 mm in diameter 52% 52%
≥5 mm 52% 12%

Omental cakes 8% 21% 20% 37%

Splenomegaly 93% 50%

Ascites 64% 100% 84% 100%

Figure 14.18. Poorly differentiated mesenteric sarcoma. A,B: Two CT images show a homogeneous midabdominal tumor (arrows)
displacing contrast-filled small bowel loops. (Courtesy of Algidas Basevicius, M.D., Kaunas Medical University, Kaunas, Lithuania.)
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toneal thickening. A thickened mesentery and
ascites are evident in some. Pleural plaques and
nodules are uncommon.

Malignant

A peritoneal mesothelioma is a rare tumor,
being considerably less common than its pleural
counterpart. Most patients have had previous
asbestos exposure, generally decades earlier, but
those with peritoneal mesothelioma tend to be
a decade younger than those with a pleural
tumor. Nevertheless, pleural thickening and
even a concomitant pleural mesothelioma are
not uncommon associated findings. At times
these tumors grow gradually for several years.
The prognosis is grim.

Asbestos comes in two major forms,
chrysotile and amphiboles, with most of the
asbestos used commercially consisting mainly
of chrysotile. The relative carcinogenesis varies
between the various types, but why a particular
type is more carcinogenic is not known.
Asbestos is not directly mutagenic. Asbestos
fiber size and other physical and chemical prop-
erties appear to be relevant factors in carcino-
genesis, but contaminants such as tremolite (a
form of amphibole) may also play a role.
Chrysotile fibers appear to be cleared from
human lungs rapidly, while amphibole clearance
half-life is measured in years or decades. A lag
period of several decades is necessary after
asbestos exposure before a mesothelioma
becomes evident. Heavy asbestos exposure
increases the risk for abdominal mesothelioma,
although considerable individual variability
exists. The presumed pathway for abdomi-
nal involvement is expectoration of inhaled
asbestos fibers, which are swallowed and some
then penetrate the bowel wall into lymphatic
and splanchnic circulations. Why mesothelial
cells are primarily affected after asbestos expo-
sure is speculation. Numerous but inconstant
gene changes have been reported. An occasional
tumor contains a sarcomatous component.

Not all patients with malignant mesothe-
lioma have a history of asbestos exposure. Prior
radiation therapy has been occasionally 
implicated. A remote history of Thorotrast
exposure is found in some. The relationship of
a rare peritoneal mesothelioma developing in a
setting of recurrent bouts of peritonitis is 
conjecture.

Spread tends to be intraabdominal and to the
pleural cavity, probably by direct extension.
Distal metastases are rare.A not uncommon end
stage is extensive bowel involvement and small
bowel obstructions.

Extraperitoneal malignant mesothelio-
mas are rare. They readily invade adjacent 
structures.

Chest radiographs and CT identify pleural
plaques in about half the patients with malig-
nant abdominal mesothelioma. A barium study
typically shows extensive mesenteric and bowel
wall infiltration, thickening and distortion of
the valvulae conniventes, bowel wall thickening,
sharp angulation of bowel loops, and a nar-
rowed lumen. Some of these tumors have an
almost pathognomonic radiographic appear-
ance. Computed tomography findings range
from a hypodense tumor with peripheral con-
trast enhancement to diffuse omental thicken-
ing, described as an omental cake; in many
patients no discrete tumor masses are identified
(Fig. 14.19). Thickening of the parietal peri-
toneum is more common than visceral peri-
toneal involvement. Extensive mesenteric
thickening is found in some patients.
Calcifications are rare. Ascites is common with
asbestos-associated mesotheliomas, but it tends
to be more limited than that seen with carcino-
matosis. It tends to be rather viscous and
difficult to remove. Fluid cytology appears
worthwhile but tends to be nondiagnostic.
Laparoscopic biopsy is useful to establish the
diagnosis, although tract seeding by tumor is a
potential complication.

The differential includes carcinomatosis and
occasionally an infection such as tuberculosis.
Even laparotomy has misdiagnosed a mesothe-
lioma as carcinomatosis.

Postoperative chemotherapy is largely inef-
fective, although anecdotal reports suggest a
response to arterial infusion chemotherapy.

Benign

A type of abdominal mesothelioma-like tumor
occurs in a younger age group, has no known
association with asbestos exposure, women pre-
dominate 2:1, and some of these tumors contain
a cystic component. The term solitary benign
fibrous tumor is used by some authors to differ-
entiate this tumor from its malignant counter-
part. Pathogenesis is unknown; some authors



909

PERITONEUM, MESENTERY, AND EXTRAPERITONEAL SOFT TISSUES

Figure 14.19. Abdominal mesothelioma. A–C: Three precontrast
CT images of the abdomen and pelvis reveal an extensive, well-
marginated peritoneal soft tissue tumor. (Courtesy of Algidas
Basevicius, M.D., Kaunas Medical University, Kaunas, Lithuania.)
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regard them as borderline or low-grade malig-
nancies; a response to infection may play a role.
Pathologically, these cystic tumors are lined by
mesothelium-appearing epithelium, although
some evidence suggests that these cells are of
fibroblast origin. In either case, a pathologic
diagnosis of these benign-appearing tumors 
is difficult because some contain elements of a
low-grade malignant cystic mesothelioma.
Immunohistochemical findings can to be
helpful.

Diffuse pain is common. A rare patient with
a benign cystic mesothelioma is asymptomatic
and has the tumor discovered because imaging
is performed for unrelated reasons.

Some benign mesotheliomas are focal rather
than diffuse (Fig. 14.20). Infiltration results in
fixed, spiculated, and narrowed loops of small
bowel. The cystic portions are hypointense on

T1- and hyperintense on T2-weighted images,
while solid components range from slightly
hypo- to isointense on T1- and hypointense on
T2-weighted images. The appearance can mimic
a benign cyst, such as a hemangioma.

Epithelioid Hemangioendothelioma
(Epithelioid Angiosarcoma)

These rare malignant endothelial neoplasms
involve peritoneal serous membranes, pleura,
and pericardium. They have a diffuse sheet-like
appearance, and histologically exhibit a tubu-
lopapillary growth pattern and other features
often identified with mesotheliomas. Some
authors include this endothelial neoplasm in the
differential diagnosis of a neoplasm with his-
tologic and clinical features of a malignant
mesothelioma.
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These are aggressive tumors with a poor
prognosis.

Fat-Containing Tumors

Some lipomas are discovered incidentally. An
occasional mesenteric lipoma acted as a nidus
for small bowel volvulus. These lipomas are
readily detected with CT and MRI; they are well
defined and of fat density, are hyperintense on
T1- and hypointense on T2-weighted images,
and show little contrast enhancement. Color
Doppler US and angiography confirms their
avascular nature. Central necrosis is not seen.
The rare tumor lipomatosis is readily differen-
tiated from obesity (Fig. 14.21).

Most liposarcomas present either as a palpa-
ble tumor or as sequelae of compression and
impingement on an adjacent structure.An occa-
sional one bleeds. Some of these large, bulky
tumors are associated with fever, presumably
due to central tumor necrosis. Imaging shows
most liposarcomas as large, heterogeneous,
poorly marginated and invasive tumors. A cys-
tic component is common. The amount of fat
within a liposarcoma varies; more undifferenti-
ated ones tend to contain little fat and consist

mostly of soft-tissue–density material, while
well-differentiated ones mimic a lipoma. Their
CT and MR findings are reflected accordingly.
Poorly differentiated liposarcomas are mostly
heterogeneous, and are mostly hypointense on
T1- and tend toward a hyperintense appear-

Figure 14.20. Recurrent peritoneal mesothelioma. A: A T1-weighted image identifies numerous uterine myomas. A tumor isointense
to muscle is present along the anterior wall in the pouch of Douglas (arrow). B: This tumor is slightly hyperintense on a T2-weighted
image (arrow). (Courtesy of Egle Jonaitiene, M.D., Kaunas Medical University, Kaunas, Lithuania.)
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Figure 14.21. Lipomatosis in a woman with tuberous sclerosis.
Computed tomography reveals numerous fat-density tumors
and small bowel intussusception (arrow). (Courtesy of Algidas
Basevicius, M.D., Kaunas Medical University, Kaunas, Lithuania.)
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ance on T2-weighted images. The amount of
necrosis increases inversely with the degree of
differentiation.

Teratomas often contain fat, but other tissue
components are also present, including calcifi-
cations. Some teratomas exhibit a fluid–fluid
level within their cystic component.

The most common site for extraperitoneal
angiomyolipomas is in the kidneys (discussed
in Chapter 10). Computed tomography and MRI
of a rare extraperitoneal extrarenal angiomy-
olipoma reveal a fatty tumor. Renal involvement
is often present, and differentiation of a renal
primary with extrarenal extension is often in
the differential diagnosis. These tumors tend to
be multiple in patients with tuberous sclerosis
and involve numerous organs. Some contain
sufficient cell atypia to suggest a slow growing
low grade malignancy.

An occasional angiomyolipoma contains fat
necrosis and mimics a liposarcoma both with
imaging and histology.

Most extraadrenal myelolipomas occur in the
extraperitoneum. Their imaging findings are
similar to those of adrenal myelolipomas.

Hemangiopericytoma

A group of presumed mesenchymal tumors
shows a perivascular myoid differentiation and
has a varying histologic appearance and
classification. These tumors range from
myofibromatosis, to spindle cell, to heman-

giopericytoma, with some of the latter also
showing glomus tumor-like features. Whether
these tumors are related neoplasms that simply
manifest a spectrum of histologic and clinical
findings or whether they are different entities is
conjecture. Of these tumors, the hemangioperi-
cytoma type is the most common. It occurs
throughout the soft tissues, including the
mesentery and omentum. These solid heman-
giopericytomas are composed mostly of peri-
cytes and capillaries and range from benign to
malignant with gradations in between.

Some patients are relatively asymptomatic 
in spite of a large tumor, while others deve-
lop hypertension, hypoglycemia, or both. One
patient with a metastatic hemangiopericytoma
developed hypoglycemic coma (64); she had an
abnormal insulin-like growth factor and low
blood insulin and growth hormone levels that
reverted to normal after resection.

Imaging reveals a solid, contrast-enhancing
soft tissue tumor.

Recurrence is common after resection.

Leiomyomatous Tumors

Both leiomyomas and leiomyosarcomas occur
in the peritoneal cavity and adjacent structures.
Detection of a peritoneal leiomyosarcoma raises
an obvious question: Did it originate in the peri-
toneum or is it a metastasis? A rare leiomy-
oblastoma develops in the omentum (65) or
adjacent structures (Fig. 14.22).

Figure 14.22. Mesenteric leiomyoblastoma. A,B: Noncontrast CT shows this soft tissue tumor extending from the left abdomen into
the right lower quadrant (arrows). (Courtesy of Algidas Basevicius, M.D., Kaunas Medical University, Kaunas, Lithuania.)
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One variant is disseminated leiomyomatosis,
also called leiomyomatosis peritonealis dissemi-
nata. It is a rare, often benign condition con-
sisting of smooth muscle tumors growing along
the peritoneal surface, but an occasional one
undergoes malignant degeneration. Whether
these tumors originate from metaplasia of sub-
mesothelial mesenchymal cells is conjecture.
The condition occurs mostly in premenopau-
sal women and is associated with the use of
birth control medications or pregnancy. Some of
these tumors may regress spontaneously or
after oophorectomy. Endometriosis is an asso-
ciated finding in some these patients. The
findings can be quite complex; thus one woman
had disseminated leiomyomatosis, endometrio-
sis, and a multicystic mesothelioma (66); pre-
operatively she was believed to have stage III
ovarian cancer.

Computed tomography shows leiomyomato-
sis as multiple peritoneal nodules mimick-
ing carcinomatosis, except that some of these
patients have no ascites. The differential
includes ovarian carcinomatosis, leiomyosarco-
matosis, mesothelioma, multiple dermoids,
lymphoma, and some infections such as peri-
toneal tuberculosis.

Leiomyosarcomas at other gastrointestinal
sites do metastasize to the peritoneum and dif-
ferentiation from disseminated leiomyomatosis
is often not possible. Primary mesenteric or
omental leiomyosarcomas have a slow growth

rate and are generally quite large at presentation
(Fig. 14.23). Occasionally an abscess develops in
these leiomyomatous tumors.

A rhabdomyosarcoma is probably the most
common sarcoma in the extraperitoneum.
Its smooth muscle counterpart, a primary
extraperitoneal leiomyosarcoma, is quite rare. A
heterogeneous imaging appearance is common,
with the larger malignant tumors due to necro-
sis. Adjacent vessels are often either encased or
displaced.

Histiocytic Tumors

Histiocytic tumors range from benign (fibrous
histiocytoma) to malignant. A malignant
fibrous histiocytoma is not rare. These tumors
readily invade adjacent structures; rectal bleed-
ing develops with bowel involvement.

These tumors range from solid to mostly
cystic and tend to be large on initial pres-
entation. The site of origin is difficult to esta-
blish once extensive invasion of adjacent 
structures develops. Pelvic ones in women
mimic an ovarian neoplasm, a differential diag-
nosis that can be excluded if a normal ovary is
identified.

Imaging reveals malignant fibrous histiocy-
tomas as complex heterogeneous tumors due to
their cystic component and necrosis and hem-
orrhage. They tend to be hypoechoic. Doppler
US identifies prominent feeding and draining

Figure 14.23. A: Omental leiomyoblastoma (arrow). It invades the stomach. B: A poorly vascular retroperitoneal leiomyosarcoma
(arrows) in another patient.
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vessels. More cystic ones contain thick septa. In
an occasional one extensive hemorrhage even
suggests a hematoma.

Not uncommonly, a diagnosis is confirmed
only after resection. Recurrence is common
with malignant ones.

Osteogenic Tumors

An extraskeletal (soft tissue) osteosarcoma is
rare. Most occur in adults in the extraperi-
toneum or in extremities. Some are associated
with prior trauma or radiation therapy.
Calcifications or even ossification are common
in these otherwise homogeneous tumors.
Imaging can suggest the tumor extent, but a
biopsy is needed for diagnosis.

Malignant Melanoma
Malignant melanoma metastasizes widely
throughout abdominal tissues rather than
exhibiting a peritoneal carcinomatosis pattern,
and for this reason tumor detection strategies
differ from those for most other metastases.
Computed tomography and MR are often
employed, with special attention paid to soft
tissues, including abdominal fat. Abdominal
wall metastases are seen as soft tissue nodules,
often surrounded by cutaneous or properitoneal
fat. A FDG-PET scan detects metastases if they
are larger than about 1.5 to 2 mm in size; overall,
FDG-PET achieves greater sensitivities and

specificities than CT in detecting these metas-
tases. Likewise, it is superior to CT in detecting
recurrence during follow-up.

Germ Cell Tumors
A primary extraperitoneal germ cell tumor is
rare. Most represent metastases from a testicu-
lar primary; extensive spread is common on
initial presentation (Fig. 14.24). An occasional
patient develops peritoneal metastasis after
resection; carcinomatosis tends to be rather
subtle and is difficult to detect with CT—either
Ga-67 scintigraphy or FDG-PET appears more
sensitive.

An extraperitoneal choriocarcinoma is 
associated with elevated b-human chorionic
gonadotropin (b-hCG) levels but normal a-
fetoprotein levels; CT and MR postchemother-
apy may reveal residual tumor, but cannot dif-
ferentiate between viable tumor and necrotic
tissue. Some of this tissue eventually calcifies.

Small Cell Carcinoma
Most peritoneal small cell carcinomas (at times
simply called small cell tumors to reflect their
unknown origin) occur in infants and young
males. Imaging in the few reported patients
reveals large, lobulated, solid-appearing tumors;
some induce a surrounding desmoplastic reac-
tion. Ascites is an inconstant finding.

Figure 14.24. Metastatic germ cell tumor in a 12-year-old girl. A,B: Contrast-enhanced CT images reveal a large soft tissue tumor
between the stomach and spleen (arrows). Patchy tumoral calcifications are present. (Courtesy of Algidas Basevicius, M.D., Kaunas
Medical University, Kaunas, Lithuania.)
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A CT finding of large, solid peritoneal tumors
without an evident primary site in a pediatric
patient or a young adult should suggest a small
cell tumor.

Neuroendocrine Tumors
One classification of neuroectodermal origin
tumors is based on their origin (Table 14.5).
Although these tumors can be differentiated
pathologically, from an imaging perspective
they often have a similar appearance, and many
publications lump them together (Fig. 14.25).
They are differentiated in this work as an aid to
clinical management rather than to imply that
each type has a specific imaging appearance,
although quite often a specific diagnosis can be
suggested from clinical data and tumor 
location.

Neuroendocrine tumors originate in the
extraperitoneum, mesentery, and bowel wall.
Except for neuroblastomas and ganglioneurob-
lastomas these tumors are found mostly in
adults. Tumors adjacent to bowel wall are dis-
cussed in Chapters 4 and 5.

Ganglioneuroma

Ganglioneuromas are rare neuroendocrine
tumors originating from sympathetic ganglia
and are found along the paravertebral sym-
pathetic plexus. Most are extraperitoneal in
location. These occur mostly in children and
young adults. A rare one is hormonally active.
Imaging reveals solid tumors that are non-
specific in appearance. Some contain punctate

calcifications. They vary in contrast enhance-
ment. They are hypointense on T1- but of
varying intensity on T2-weighted MR images.
Hypointense curvilinear bands have been
described within these tumors on T2-weighted
MR images. Some of these tumors encase blood
vessels without narrowing the lumen.

Ganglioneuroblastomas contain both gan-
glioneuroma and primitive neuroblastoma ele-
ments and are considered to be intermediate
between benign ganglioneuromas and malig-
nant neuroblastomas. A majority occur in
young children. Their imaging appearance
varies from a mostly solid to a mostly cystic
tumor depending on the degree of cell 
differentiation.

Neuroblastomas are discussed in Chapter 16.

Paraganglioma (Pheochromocytoma)

Extraadrenal paragangliomas account for about
15% of these tumors. Presumably they arise
from embryonic chromaffin cells in parasympa-
thetic tissue and in accessory adrenal glands.
A minority are multicentric in origin. Most are
detected during the second and third decades 
of life. An occasional one manifests during 
pregnancy.

Carney’s syndrome (or triad) consists of a
gastrointestinal stromal tumor (often a gastric
leiomyosarcoma), an extraadrenal paragan-
glioma, and a pulmonary chondroma. Whether

Figure 14.25. Extensive retroperitoneal poorly differentiated
neuroendocrine tumor. A spine metastasis is present (arrow).
Primary site of tumor origin could not be determined; both
adrenal glands were involved by tumor. (Courtesy of Algidas
Basevicius, M.D., Kaunas Medical University, Kaunas, Lithuania.)

Table 14.5. Classification of neuroectodermal tumors

Nerve sheath (Schwann cell) origin
Neurilemoma
Neurofibroma
Amputation neuroma
Neurosarcoma
Granular cell tumor

Ganglion cell origin
Ganglioneuroma
Neuroblastoma

Paraganglioma tumors*
Pheochromocytoma
Paraganglioma

* The following are similar tumors. The term pheochromocytoma is
used for paraganglioma tumors located in the adrenal medulla.
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Carney’s syndrome is an autonomic nervous
system abnormality or a multiple endocrine
neoplasia syndrome or even a multiple hamar-
toma syndrome makes for an interesting 
discussion.

Some paragangliomas are nonfunctional. A
paraganglioma can compress and displace an
adjacent kidney and induce hypertension (Page
kidney). As an example, CT of a 25-year-old
woman with suspected appendicitis detected a
broad ligament tumor, shown to be a nonfunc-
tioning paraganglioma (67).

Schwannoma (Neurilemoma)

Schwannomas originate from Schwann sheath
cells and are most common in the peripheral
neural system. Schwann cells are the peripheral
neural system’s glial cells. Found mostly in
young adults, more often in women, extraperi-
toneal schwannomas tend to be solid tumors,
and their imaging findings are nonspecific. The
ones involving the sacral nerves tend to widen
the sacral foramina (Fig. 14.26). Preoperative
biopsy is often not helpful. A pelvic schwan-
noma tends to mimic an ovarian neoplasm.

Both MRI and CT are useful in characterizing
these tumors (Fig. 14.27). Computed tomogra-
phy of extraperitoneal schwannomas reveals
well-marginated, encapsulated, round or oval
tumors. An occasional one undergoes central
necrosis, hemorrhage, and central or peripheric
calcifications. They show heterogeneous con-
trast enhancement, with lack of enhancement in
cystic regions. Overall, they tend to be some-
what hypovascular. Computed tomography of
one pelvic schwannoma revealed only the cyst
wall enhancing postcontrast; in some others
focal central enhancement is evident.

Neurofibromatous Tumors

Neurofibromatosis type 1 (NF1, von Reckling-
hausen’s disease) is a relatively common 
autosomal-dominant hereditary neurocuta-
neous syndrome consisting of neurofibromas,
café-au-lait spots, and other abnormalities
involving various body organs. A mutation in
the NF1 gene occurs roughly in one of 3500
births; NF1 encodes a tumor suppressor, loss of
which leads to neurofibroma formation. Most
affected individuals are detected in childhood,
but a minority contain a forme fruste type first

manifesting in adulthood. Although a single
neurofibroma most often is an isolated event,
the presence of multiple neurofibromas or a
single plexiform neurofibroma is strong pre-
sumptive evidence for von Recklinghausen’s
disease. About 50% of affected individuals have
spontaneous mutations.

Neurofibromas are complex, noncapsulated
tumors originating from Schwann cell lineage in
peripheral nerves. Histologically, they differ
from neurilemomas. Mast cells appear to play a
role in their growth (68). Both somatic and 
autonomic neural tissue is involved. Because
these nerves are ubiquitous and neurofibroma
formation sporadic, a wide manifestation of
this entity is encountered. Tumors are more
common in extraperitoneal tissues, including
paraspinal regions, than within the bowel wall.
Focal involvement of one organ is unusual but
has been reported. Some tumors in the mesen-
tery compress adjacent blood vessels and result
in focal ischemia. Extensive extraperitoneal
neurofibromas mimic adenopathy.

Neurofibromas tend to be focal, solid, homo-
geneous, and somewhat hypodense with CT,
presumably due to their rich lipid content (Fig.
14.28). Often their appearance mimics that of
adenopathy. Cystic degeneration is more
common in neurilemomas, but does occur in a
minority of neurofibromas. Many are symmet-
rical bilaterally, with a presacral location also
being common. Asymmetry should suggest
malignant degeneration. Postcontrast CT
reveals a hypovascular soft tissue tumor. Occa-
sional tumors with either peripheral or central
contrast-enhancement are described, with the

Figure 14.26. Schwannoma exiting sacral foramen. Noncon-
trast CT identifies a soft tissue tumor widening a sacral foramen
on the right (arrow). (Courtesy of Patrick Fultz, M.D., University
of Rochester.)
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less vascular portion representing lipid-rich
Schwann cells and cystic degeneration, while
denser segments tend to be more vascular.

Plexiform neurofibromas infiltrate and are
poorly marginated. In fact, soft tissue involve-
ment tends to mimic a diffuse infection.
Magnetic resonance imaging of some mesen-
teric plexiform neurofibromas reveals ring-like
structures within the tumor on T2-weighted
and contrast-enhanced images.

One should keep in mind, however, that
mesenteric involvement in von Reckling-
hausen’s disease needs to be distinguished from
hereditary intestinal neurofibromatosis, which
is a separate genetic disease.

Carcinoid

A mesenteric origin for a carcinoid is not
uncommon. In fact, a distinction between bowel

Figure 14.28. Neurofibroma. Contrast-enhanced CT outlines a
tumor with target-like enhancement (arrow). The hyperdense
center represents nerve tissue, surrounded by more peripheral
myxoid degeneration. (Source: Rha SE, Byun JY, Jung SE, Chun HJ,
Lee HG, Lee JM. Neurogenic tumors in the abdomen: tumor
types and imaging characteristics. Radiographics 2003;23:29–
43, with permission from the Radiological Society of North
America.)

Figure 14.27. Neurilemoma. A: Contrast-enhanced CT identifies a hypodense tumor in right adrenal region, suggestive of a cyst.
B: T1-weighted MR image reveals a homogeneous hypointense tumor.C: Turbo spin echo T2-weighted image the hyperintense tumor
is located posterior to the inferior vena cava. D: Contrast-enhanced T1-weighted image shows inhomogeneous contrast enhance-
ment (arrow).(Source: Rha SE,Byun JY,Jung SE,Chun HJ,Lee HG,Lee JM.Neurogenic tumors in the abdomen: tumor types and imaging
characteristics. Radiographics 2003;23:29–43, with permission from the Radiological Society of North America.)

C
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and mesenteric origin is often not possible and
some of these tumors are simply identified adja-
cent to a loop of bowel. Because of the often-
associated dense desmoplastic reaction, even
CT often cannot identify the exact site of origin
for these tumors.

A typical CT appearance is that of a mesen-
teric tumor surrounded by radiating stellate
folds, and such a finding is presumptive evi-
dence for a carcinoid. Adjacent bowel loops are
either infiltrated or simply displaced. Atypical
appearances, however, are common. A rare car-
cinoid presents as a large necrotic mesenteric
tumor mimicking a necrotic stromal tumor.
Associated enlarged lymph nodes are an incon-
sistent finding.

A percutaneous biopsy is often nondiagnos-
tic; tumor cells are difficult to obtain because of
the exuberant fibrosis.

Other Neuroendocrine Tumors

An extrapancreatic gastrinoma is occasionally
located in a lymph node. Primary gastrinomas
are rare at this location and a small primary
pancreatic tumor should be excluded.

Presacral Tumors
Certain tumors are more common in the pre-
sacral soft tissues than in other locations and
these are discussed here. Overall, however, pre-
sacral tumors are uncommon. They originate
from any of the soft tissue elements located in
this space and range from solid to cystic.
Primary presacral neoplasms can invade the
sacrum or rectum. Larger presacral tumors tend
to displace the rectum laterally. These tumors
tend to be insidious, often are quite large when
first detected, and thus are diagnosed late.

A triad of anorectal, sacral, and presacral
anomalies was described by Currarino et al. (69)
in 1981 and is known as Currarino’s triad. Both
a complete triad and an incomplete form exist.
A deformed sacrum is common; anorectal
anomalies range from stenosis to an imperfo-
rate anus and presacral tumors consist of ter-
atomas, meningoceles and various cysts or
cystic neoplasms. Conventional radiographs
identify an abnormal sacrum, called a scimitar
sacrum, but the full extent of abnormalities is
better detected with MRI.

Teratoma

The most common presacral tumor in neonates
is a teratoma. Most teratomas are benign,
although the risk of malignancy increases con-
siderably in older children. Most are large at 
first presentation. Their imaging appearance is
similar to teratomas at other locations and con-
sists of a heterogenous, well-marginated tumor
containing both cystic and solid components.
The presence of varying amounts of fluid, fat,
and calcifications, including teeth, is diagnostic.
Malignant ones tend to contain more soft tissue
and less of a cystic component than benign
ones.

Meningocele

A presacral meningocele is a rare congenital
abnormality consisting of herniated meninges
and other spinal canal content. An occasional
one is familial.Associated abnormalities include
sacral abnormalities, spina bifida, and geni-
tourinary defects. Imaging reveals a presacral
cystic mass filled with cerebrospinal fluid and
containing varying amounts of soft tissue. An
associated sacral defect, at times detected even
with conventional radiography, should suggest
the diagnosis.

Other Presacral Tumors

A chordoma is a low-grade malignant neoplasm
resulting in sacral destruction. Extension into
the presacral soft tissues is common. A compli-
cation after resection of a sacral chordoma is
posterior rectal herniation, presumably due to
weakness of the posterior pelvic floor.

Widening of a sacral neural foramina should
suggest neurofibromatosis.

The rare presacral neuroblastoma has an
imaging appearance similar to its counterpart
in the adrenal glands.

Ectopic Pregnancy
In general, 1% of all pregnancies are ectopic,
and almost all occur in the fallopian tubes;
among ectopic pregnancies, about 1% or fewer
are intraabdominal. They are thus rare, but their
importance lies with the associated high mater-
nal death rate, if undetected. They are believed
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to represent the sequelae of a missed ruptured
ectopic tubal pregnancy.

Some women with an abdominal pregnancy
present with an acute abdomen and undergo
emergent surgery; others are managed conserv-
atively, at least initially. Placental attachment to
the mesentery is incompatible with fetal life, but
some fetuses survive if the placenta is attached
to the uterus.

If an abdominal pregnancy is clinically sus-
pected, MRI is the imaging modality of choice;
US does not detect all abdominal pregnancies.
Imaging findings of an abdominal pregnancy
include detection of an extrauterine fetus and
placenta; fetal body parts are seen outside the
uterus, assuming the uterus can be identified.
Also, the placenta is located close to maternal
bowel and no uterine wall identified between
fetus and maternal abdominal wall. The fetus
tends to have an unusual position. Peritoneal
fluid is not common in a normal pregnancy but
is often identified in an abdominal pregnancy.

A rare cesarean scar pregnancy was
confirmed by US, MRI, and cystoscopy (70); her
pregnancy was terminated by hysterotomy with
uterine preservation, followed by methotrexate
therapy.

A rare cause of an intraabdominal
calcification is a lithopedion (calcified fetus).
Most imaging modalities should suggest the
diagnosis.

Hernias
Patients with ascites have increased intraperi-
toneal pressure, and a number of hernias
develop in this setting.

A Richter hernia signifies that only a portion
of the bowel wall circumference is incarcerated.
Strangulation of the involved bowel segment
can occur without anatomic lumen obstruction.

Laparoscopic hernia repair has been exten-
sively adopted, although the prevalence of
recurrence and complications have raised ques-
tions about such an approach.

Diaphragmatic Hernia
Morgagni Hernia

A hernia through the anteromedially located
foramen of Morgagni is not common. These
defects are lateral to the midline. Occasionally

these congenital hernias (called Morgagni-
Larrey’s hernia in some countries) occur bilat-
erally. Hernia content ranges from omentum,
stomach, and other adjacent structures, and 
it is surrounded by peritoneum. Some of the
smaller ones simply contain fat, at times
detectable on chest radiographs and other
imaging modalities.

Many of these hernias are discovered inci-
dentally in an otherwise asymptomatic infant or
even adult. Symptomatic infants have respira-
tory distress, recurrent pulmonary infections, or
simply failure to thrive. Especially in neonates
and infants, other associated anomalies are
common. Bowel obstructions in a Morgagni
hernia are uncommon.

With gastric herniation, a contrast study with
the patient in the lateral position should be
diagnostic; a Morgagni hernia is far anterior to
the usual esophageal hiatus. Without an associ-
ated air–fluid level, conventional chest radiog-
raphy of a foramen of Morgagni hernia mimics
a pericardial cyst or other soft tissue tumor in
this location. At times CT is helpful by identify-
ing intestinal content in the chest. Partial
diaphragmatic eventration is in the differential
diagnosis.

A laparoscopic approach can be used to
repair these hernias.

Bochdalek Hernia

A congenital posterolateral diaphragmatic
defect, or Bochdalek hernia, is more often
detected in neonates on the left side. It varies in
size from a barely discernible defect to hemidi-
aphragmatic agenesis. Almost any intraabdom-
inal organ with sufficient laxity can herniate.
Most Bochdalek hernias do not have a hernial
sac. If a hernia is large enough, associated pul-
monary hypoplasia develops, and it is this
hypoplasia that determines the prognosis. Also,
these neonates have an increased prevalence of
cardiovascular and other anomalies. Pulmonary
artery hypertension in this condition is associ-
ated with a patent ductus arteriosus.

In neonates a large Bochdalek hernia mani-
fests as respiratory distress. An initial chest
radiograph suggests the diagnosis; within
several hours air can be identified in the
intrathoracic bowel. To prevent further respira-
tory distress due to bowel distention, once this
condition is suspected the stomach should be
decompressed with a nasogastric tube. A diag-
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nosis is not always obvious and a number of
developmental lung conditions, such as lobar
emphysema and adenomatoid malformation,
have a similar appearance. A barium study
confirms the intrathoracic location of portions
of the intestine.

At times a Bochdalek hernia manifests later
in life. Most of these adult hernias are on the
right side. Whether they represent a delayed
manifestation of a congenital condition or 
are an acquired focal diaphragmatic defect is 
a moot point. A chest radiograph reveals a 
posterior soft tissue tumor adjacent to the
diaphragm, a nonspecific finding also seen with
lung neoplasms and other lesions. Computed
tomography defines the underlying anatomy
and also often outlines a diaphragmatic defect.
Hernia content ranges from fat, omentum, or a
solid organ such as spleen, to bowel.

Other Diaphragmatic Hernias

Hiatal hernia is discussed in Chapter 2.
Diaphragmatic trauma and resultant hernias
were discussed earlier in this chapter (see
Trauma).

A paraesophageal hernia can contain
omentum or other adjacent structure. Chest
radiography simply detects an abnormal tumor
in the posterior mediastinum; CT or MRI
confirms the herniation.

An intrapericardial hernia can be congenital
or traumatic in origin. Some of these hernias are
asymptomatic. With conventional contrast
studies they may mimic a hiatal hernia.

Ventral Hernia
Ventral hernias include umbilical hernias,
hypogastric hernias (below the umbilicus) and
epigastric hernias. The latter are uncommon,
found mostly in obese individuals, often contain
properitoneal fat and are detected with CT.

An umbilical hernia is common in the pedi-
atric age group where it is usually considered to
be congenital. It develops in adults with
increased intraabdominal pressure, such as in a
setting of ascites or pregnancy. Especially with
ascites, the overlying skin can necrose and
rupture, a condition associated with a high mor-
tality. An umbilical hernia can also result in
bowel incarceration.

Prior to surgical repair of an acquired umbil-
ical hernia, it appears worthwhile to establish its

vascularity with Doppler US. An occasional one
contains a herniated paraumbilical collateral
vein (71), resulting in major bleeding during
repair.

Femoral Hernia
Groin hernias are common in the pediatric age
group, but detection of a femoral hernia can be
difficult and misdiagnoses are common. Even an
incarcerated femoral hernia may be missed 
clinically.

Computed tomography shows a soft tissue
tumor medial to the femoral vein. Problems
arise in differentiating a hernia from adenopa-
thy, hematoma, or other tumor.

At times US, including Doppler, aids in dif-
ferentiating a femoral hernia from other groin
masses. Bowel can be identified within a hernia
by showing valvulae conniventes, haustrations,
or peristalsis.

Inguinal Hernia
Most direct inguinal hernias are acquired,
broad-based, and rarely incarcerate. Congenital
indirect hernias are due to failure of closure of
the processes vaginalis. In adults, an indirect
inguinal hernia is acquired and is caused by
dilation of the deep inguinal ring. Indirect
hernias allow abdominal content to herniate
inferiorly. Both direct and indirect hernias can
protrude into the scrotum and contain small
bowel, large bowel, bladder, omentum, or other
contents, including a rare fallopian tube and
ovary (72). In general, small bowel is more
common in right-sided hernias and colon in
left-sided ones, but almost any abdominal
organ, including stomach, can herniate (Fig.
14.29). Bowel infarction in a strangulated
inguinal hernia is not uncommon; bladder
infarction can also develop. Even an acute gan-
grenous appendicitis has developed in an
inguinal hernia. These hernias are accentuated
during pregnancy.

Inguinal herniation of the bladder, or
inguinal cystocele, can result in urinary
obstruction and renal insufficiency. It can result
in clinical prostatism without bladder outlet
obstruction. Although occasionally identified
with CT (Fig. 14.30) the condition is best studied
during the filling phase of urodynamic studies
with the patient standing.
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Herniography involves contrast injection into
the peritoneal cavity and was performed to
detect hernias in infants; it is rarely done today.
Peritoneal scintigraphy also detects inguinal
hernias. More often either CT or US is per-
formed and should be diagnostic. A bowel-
containing hernia is identified if bowel is
present distal to the inguinal ring. Fluid adja-
cent to bowel or bowel wall thickening suggests
ischemia, but keep in mind that occasionally a

septated hydrocele or hematocele has a similar
appearance within a hernia.

Multidetector CT should readily detect these
hernias. Indirect hernias occur lateral to the
inferior epigastric vessels, in distinction to
direct hernias which are located medial to these
vessels.

Ultrasonography using a 7.0-MHz transducer
should detect whether an inguinal hernia 
in present in most children; the US criteria used
to define these hernias are a widened internal
inguinal ring or inguinal canal fluid or organs
either at rest or during straining. Ultrasonogra-
phy cannot readily differentiate between a direct
and an indirect hernia.

Magnetic resonance using T1- and T2-
weighted sequences and dynamic sequences
readily identifies inguinal rings, including the
inferior epigastric vessels.

Most of these hernias are corrected surgically
without preprocedure imaging. If the diagnosis
is in doubt, US is useful in excluding a hernia
containing bladder or other inguinal or testicu-
lar tumors. Childhood inguinal herniorrhaphy
is one of the causes of seminal tract obstruction;
microsurgical vasovasostomy and epididy-
movasostomy are procedures in adult men to
correct such obstruction.

Doppler US is useful in patients with persist-
ent scrotal pain or swelling after inguinal hernia
repair. Ischemia, testicular infarction, and fluid
collections are readily detected.

Obturator Hernia
An obturator ring hernia is more common in
elderly women. It is difficult to diagnose, and
small bowel obstruction with strangulation is
not uncommon, with its associated relatively
high mortality rate. Occasionally a ureter
becomes obstructed in an obturator hernia.

These hernias should be visible on CT
images. A small bowel barium study should also
diagnose these hernias if they contain small
bowel, but keep in mind that on a frontal view
such a hernia mimics an inguinal or femoral
hernia; oblique or lateral views readily differen-
tiate between them.

Spigelian Hernia
A defect in the transversus abdominis muscle
aponeurosis lateral to the rectus abdominis

Figure 14.30. Bilateral inguinal hernia. Computed tomography
identifies contrast-containing small bowel in the right one
(arrow) and a portion of bladder in the left one (arrowhead).
(Courtesy of Patrick Fultz, M.D., University of Rochester.)

Figure 14.29. Right inguinal hernia containing sigmoid colon,
an uncommon finding. Partial colonic obstruction was present
at the hernial ring.



921

PERITONEUM, MESENTERY, AND EXTRAPERITONEAL SOFT TISSUES

muscles and close to the linea semilunaris is the
site of a potential hernia. It is a type of ventral
hernia but most authors discuss it as a separate
entity. Investigators consider a spigelian hernia
a fascinating topic for publication. The ratio of
articles published to the limited number of
patients who have this hernia is probably
greater than for any other type of hernia.

The spigelian hernia sac can contain
omentum, small bowel, or other adjacent struc-
tures. An occasional patient presents with small
bowel obstruction, at times with an acute stran-
gulation. Most patients are adults, although an
occasional spigelian hernia develops in an
infant. A clinically palpable bulge at the hernia
site is uncommon because of the overlying
external oblique muscle. Most symptomatic
hernias, however, are tender to direct palpation.

The hernia should be readily diagnosed with
CT (Fig. 14.31). A small bowel barium study is
diagnostic if the hernia contains small bowel.
Ultrasonography can also identify the abdomi-
nal wall defect, hernial sac and contents, and its
relationship to the adjacent fascia and muscles;
at times a Valsalva maneuver detects intermit-
tent hernia reduction.

Lumbar Hernia
Two potential defects in the posterolateral
abdominal wall allow lumbar hernias to

develop: a superior (Grynfeltt’s triangle) and an
inferior (Petit’s triangle).Although the literature
suggests that most of these hernias are confined
to one of these triangles, in reality many consist
of a rather extensive abdominal wall defect and
do not correspond to a specific superior or infe-
rior site. This is especially true with congenital
and postoperative lumbar hernias. Either
retroperitoneal fat or bowel herniates through
the defect.

Congenital lumbar hernias present during the
first year of life with an abnormal protrusion in
the lumbar region. They are associated with a
meningomyelocele and the lumbocostoverte-
bral syndrome, a syndrome that includes other
major malformations.

Acquired lumbar hernias may be sponta-
neous or traumatic, including postsurgical.
A seatbelt injury is associated with some of
these hernias; they form mainly in Grynfeltt’s
triangle. Lumbar hernias have developed in
nephrectomy incisions and after iliac crest bone
harvesting.

A typical presentation in adults consists of a
soft, nontender, smooth flank tumor. It tends 
to be accentuated with increased abdominal 
pressure. Bowel within the hernia can 
incarcerate.

These hernias are readily diagnosed with 
CT. Recent traumatic ones are associated with
an adjacent hematoma. They tend to have a 

Figure 14.31. A,B: Two CT images of a spigelian hernia (arrows).

A B



922

ADVANCED IMAGING OF THE ABDOMEN

wide hiatus. A barium study detects bowel 
herniation.

These hernias are somewhat difficult to
repair because of their wide hiatus and because
the surrounding structures tend to be weak. At
times extraperitoneal fixation of a prosthetic
mesh to the 12th rib superiorly and iliac crest
inferiorly is necessary.

Sciatic Foramen Hernia
In a sciatic foramen hernia a loop of bowel or
adjacent tissue herniates through one of the
sciatic foramina posteriorly. Bowel obstruction
and strangulation ensue. These hernias are 
rare.

Sciatic hernias are a cause of chronic pelvic
pain in women; most are left sided, and a rare
one can even contain an ovary and fallopian
tube. Computed tomography or MRI should
identify the hernial content.

Incisional Hernia
Either omentum or part of the stomach or bowel
can be part of an incisional hernia (Fig. 14.32).
CT should detect these hernias, except that
some hernias reduce with the patient supine. A
barium study detects herniation if it includes
stomach or bowel.

A parastomal hernia is a type of incisional
hernia occurring alongside an intestinal stoma
on the abdominal wall. Some of these hernias
are evident on physical examination while

others are detected with a small bowel barium
study. A retrograde barium study through the
stoma is often helpful in outlining these hernias.

Internal Hernia
Patients with an internal hernia range from
those who are asymptomatic, to those who have
intermittent nonspecific symptoms, to those
who have small bowel obstruction. Especially
when intermittent, these hernias are difficult to
diagnose with either barium studies or CT.
At times only a vague point of obstruction,
either partial or complete, is identified with
imaging, but the etiology of obstruction is not
evident.

Computed tomography findings of sympto-
matic internal hernias consist of small bowel
obstruction, a focal collection of dilated bowel
displacing adjacent bowel, and stretched and
displaced mesenteric vessels.

Peritoneoceles and enteroceles are discussed
in Chapter 5. Cystoceles are discussed in
Chapter 11.

Transmesenteric Hernia

A transmesenteric hernia is the most common
internal hernia. Although its appearance varies
considerably, the presence of dilated small
bowel loops close to the abdominal wall without
overlying omental fat should suggest this diag-
nosis (73). Associated small bowel volvulus and

Figure 14.32. A: Abdominal wall hernia containing stomach. The
gastric body and antrum extend anteriorly through a hiatus
(arrow). B: Ventral hernia identified with CT (arrow). The hernia
had been growing and an adenocarcinoma was found during
hernia repair, believed to be secondary to a previously resected
colon cancer.

B
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ischemia are common complications, and thus
surgical correction without undue delay is
imperative with these hernias.

Bowel obstruction due to internal hernia is 
a complication after orthotopic liver trans-
plantation (74); these obstructions are transme-
senteric or retroanastomotic in location and are
related to the choledochoenteric anastomosis.
Similar to other transmesenteric hernias, some
of these patients develop a volvulus 
and bowel ischemia. Computed tomography
findings consist of abnormal mesenteric vessels
and focal dilated small bowel loops displacing
colon from the abdominal wall, yet a prospec-
tive diagnosis of internal hernia is rarely made
(74).

Foramen of Winslow Hernia

A small bowel herniation into the lesser sac
through the foramen of Winslow can lead to
both small bowel obstruction and ischemia.
A barium study reveals loops of small bowel
posterior to the stomach and displacing the
stomach anteriorly and inferiorly. A lesser sac
hernia can also develop through a defect in the
gastrocolic ligament; CT identifies herniated
bowel surrounded by the liver, stomach, and
pancreas.

Omentum or colon can also occasionally her-
niate. Ascending colon herniation through the

foramen of Winslow was identified with oral
and IV contrast-enhanced CT (75); conven-
tional radiographs revealed this herniated large
bowel indenting and displacing the stomach to
the left.

Paraduodenal Hernia

A paraduodenal hernia is associated with
incomplete midgut rotation. These are also
called mesocolic hernias and consist of small
bowel, usually jejunum, herniating into a right
or left paraduodenal fossa. Clinically, these
patients range from asymptomatic to those with
a small bowel obstruction.

In a left paraduodenal hernia the distal duo-
denum and proximal jejunum herniate through
a peritoneal defect into a left fossa, posterior to
the transverse and descending mesocolon.

Imaging of a typical left paraduodenal
hernias reveals a discrete focal collection of
jejunal loops posterior to the stomach and close
to the pancreatic tail, although findings can be
confusing. Noncontrast imaging initially sug-
gests a pancreatic tail tumor, but oral contrast
should identify this tumor to consist of jejunal
loops located between the stomach and pan-
creas (Figs. 14.33 and 14.34). Bowel obstruction
is inconsistent and often intermittent. The infe-
rior mesenteric vein, which is mesocolic in loca-
tion, outlines the anterior hernial margin and

Figure 14.33. Left paraduodenal hernia. Transverse (A) and coronal (B) postcontrast CT show a small bowel loop within the left
paraduodenal region (arrows). The inferior mesenteric vein (arrowheads) is displaced anteriorly and laterally. The central hypodense
region in part A represents mesenteric fat. (Source: Okino Y, Kiyosue H, Mori H, et al. Root of the small bowel mesentery: correlative
anatomy and CT features of pathologic conditions. Radiographics 2001;21:1475–1490, with permission from the Radiological Society
of North America.)

A B
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serves as an anatomic landmark for CT. Occa-
sionally small bowel loops are even located pos-
terior to the pancreas.

A barium upper gastrointestinal study
identifies a left paraduodenal hernia as loops of

bowel located posterior to the stomach and left
of the duodenum. A foramen of Winslow hernia
and herniation through a mesenteric defect
have a similar gross appearance but can 
generally be excluded by different bowel 
position.

A right paraduodenal hernia extends into the
mesentericoparietal fossa of Waldeyer, posterior
to the small bowel mesentery (Fig. 14.35). Com-
puted tomography reveals the superior mesen-
teric artery and vein anterior to the hernia.
These hernias develop in a setting of midgut
malrotation.

Other Internal Hernias

Rare causes of small bowel obstruction and
strangulation include herniation through a
defect in the falciform ligament (76) and trans-
mesosigmoid herniation; CT should define
these. Most retropsoas small bowel herniations
are incidental findings.

An uncommon hernia is through a defect in
the levator ani muscles. These hernias contain
bowel, fat, or simply ascitic fluid in communi-
cation with the peritoneal cavity. T2-weighted
MR images are useful in detecting these hernias.

Figure 14.34. Small bowel obstruction in a paraduodenal
hernia in a man who had previous testicular carcinoma resec-
tion and retroperitoneal lymph node dissection. Contrast-
enhanced CT reveals dilated small bowel loops posterior to the
duodenum. Involved bowel wall is thickened and enhances con-
siderably. Surgery found a strangulated paraduodenal hernia.
(Courtesy of Patrick Fultz, M.D., University of Rochester.)

Figure 14.35. Right paraduodenal hernia. A: Postcontrast CT
reveals focal small bowel loops in the right paraduodenal region
(arrows) (Waldeyer fossa). (Source: Okino Y, Kiyosue H, Mori H, et
al. Root of the small bowel mesentery: correlative anatomy and CT
features of pathologic conditions. Radiographics 2001;21:1475–
1490, with permission from the Radiological Society of North
America.) B: Right paraduodenal hernia and midgut malrotation
in another patient.

A
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Coronal images allow comparison of one side
with the other.

Paracecal hernias are rare. In children, Treves’
field hernias predominate. An occasional
paracecal hernia in adults results in intermittent
small bowel obstruction.A barium study should
be diagnostic.

Fibrosis/Adhesions
In spite of an extensive surgical literature on the
etiology and pathogenesis of intraperitoneal
adhesions, why some patients develop adhe-
sions while others are relatively adhesion-free is
not clear. Undoubtedly surgically introduced
foreign bodies play a role in postoperative
intraperitoneal adhesion development.

Insertion of laparoscopic trocars in patients
with previous abdominal surgery and scars 
can result in bowel injury due to adhesions. In
these patients preoperative US of the anterior
abdominal wall appears useful to establish
regions free of adhesion because many of these
patients have adhesions under their scar.
Overall, however, US has a low sensitivity in
detecting adhesions.

Mesenteric and extraperitoneal fibrosis was
discussed earlier (see Diffuse Infiltration).

Fistula
Fistulas and sinus tracts extending to the skin
are best studied by direct fistulography. Internal
ones are evaluated mostly indirectly. Some
fistulas are adequately studied by outlining an
adjacent gastrointestinal or genitourinary tract
structure with contrast and obtaining conven-
tional radiographs, usually under fluoroscopic
guidance. In some patients CT is superior
because it not only identifies the full extent of a
fistula but also reveals any associated complica-
tions such as a tumor, abscess, or even
osteomyelitis. Contrast injected into a percuta-
neous fistula prior to CT often aids in defining
internal communications.

Computed tomographic peritoneography 
can detect a transvaginal leak of peritoneal
dialysate.

Magnetic resonance imaging is well suited to
evaluate fistulas. Bladder fistulas are best evalu-
ated with gadolinium-enhanced T1-weighted

images, while nonbladder fistulas are shown
equally well both by nonenhanced and gadolin-
ium-enhanced scans. Perianal fistulas are best
studied by MR.

Pneumoperitoneum
A spontaneous pneumoperitoneum without
associated peritonitis is not common. Rarely,
intrathoracic trauma or an intrathoracic tumor
results in a pneumoperitoneum. An uncommon
cause of a spontaneous pneumoperitoneum is
rupture of an intraabdominal abscess. In
patients on mechanically assisted ventilation,
air in the anterior mediastinum, or endotho-
racic fascia, dissects inferiorly through the
diaphragm into the extraperitoneal anterior
abdominal wall; on a CT study such anterior
abdominal wall air can mimic an intraperi-
toneal location. Complicating the issue, at times
this air extends into the peritoneal cavity; such
dissection should not be confused with bowel
perforation and thus lead to an unnecessary
laparotomy.

A postoperative pneumoperitoneum disap-
pears within several days. Generally of impor-
tance is not the amount of free air but rather
whether it is decreasing from one day to the
next; an increase in size should suggest bowel
communication.

Over the years the upright posteroanterior
chest radiograph was believed to be the most
sensitive study to detect a subtle pneumoperi-
toneum. A lateral radiograph tends to detect a
smaller pneumoperitoneum than a frontal radi-
ograph.A major limitation of both of these radi-
ographs is that many of these patients are old,
debilitated, in pain, or obtunded, and cannot be
upright. Still, as little as 1 cc of intraperitoneal
gas can be detected whenever this approach is
feasible. Often a radiograph with a horizontal 
x-ray beam and the patient supine will reveal a
pneumoperitoneum adjacent to the liver, in
Morison’s pouch, or similar locations. Diaphrag-
matic muscle slips identified on supine abdom-
inal or recumbent frontal chest radiographs or
visualization of the ligamentum teres or even
gallbladder on conventional radiographs is evi-
dence of a pneumoperitoneum.

Computed tomography is accurate in detect-
ing small amounts of intraperitoneal gas. Some
authors have found that CT detects smaller
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amounts of gas than conventional radiographs.
Computed tomography reveals a pneumoperi-
toneum as gas between the liver and anterior
abdominal wall, subhepatically, in the perium-
bilical region, in the pelvis, or even trapped
between mesenteric folds. With small amounts
of gas in unusual locations, differentiation from
a small abscess is difficult.

Renal excretion of an oral water-soluble con-
trast agent should suggest bowel perforation. It
should be kept in mind, however, that occasion-
ally orally ingested contrast is absorbed from
bowel even in the absence of disease, but these
are exceptions.

Ultrasonography can also detect a 
pneumoperitoneum.

Pneumoretroperitoneum
Focal pneumoretroperitoneum is a hallmark of
an abscess. Less often pneumoretroperitoneum
alone or in association with pneumoperitoneum
is a late sign of bowel ischemia.

Extraperitoneal gas and abdominal wall
emphysema have developed after transanal
excision of a rectal carcinoma.

Soft tissue gas within the back muscles can
mimic a pneumoretroperitoneum on conven-
tional radiographs.

Diaphragm
Diaphragmatic abnormalities include hemi-
diaphragmatic paralysis, inversion, and 
eventration.

The classic fluoroscopic “sniff test” detects
hemidiaphragmatic paralysis, normally a
simple procedure except in the presence of
pleural effusion when additional maneuvers are
necessary. Bedside US is an alternate technique
to detect diaphragmatic paralysis. In some pedi-
atric patients a barium study is useful to define
the underlying anatomy and exclude bowel 
herniation.

Instead of a normal diaphragmatic concavity
toward the abdomen, in diaphragmatic inver-
sion the concavity is toward the chest. Inversion
is most often secondary to a pleural effusion or
neoplasm. The hemidiaphragm is either para-
lyzed or moves paradoxically.

Abnormal elevation of a hemidiaphragm is
defined as eventration. It can be complete or
partial, congenital or acquired. Congenital even-
tration is associated with a muscular defect.
A rare congenital eventration is bilateral. Most
acquired eventrations are secondary to an
innervation defect; with time, muscle atrophy
develops. Most partial eventrations are asymp-
tomatic. Complete eventration leads to respira-
tory distress.

Diaphragmatic neoplasms, although quite
rare, tend to manifest late. These tumors include
rhabdomyosarcomas, malignant fibrous histio-
cytomas and others. They grow either superi-
orly and manifest as an intrathoracic tumor or
grow inferiorly and often their imaging appear-
ance mimics a liver, splenic or other upper
abdomen organ tumor (77).

Omentum
Omental torsion can be primary or secondary if
adhesions involve the free omental edge.
Primary omental torsion occurs in both chil-
dren and adults; the condition mimics acute
appendicitis, with acute onset of right lower
quadrant pain. A rare omental cystic teratoma
results in torsion around its pedicle. Uncor-
rected omental torsion leads to ischemia and
infarction. Omental ischemia also develops in
the absence of torsion. Edema, fat necrosis, and
eventual fibrosis ensue.

Computed tomography and MRI of omental
torsion reveal a characteristic whirling or
twisted fatty tumor in the middle and lower
abdomen anteriorly (78); MRI also identifies a
heterogeneous omentum, suggesting edema.

Ultrasonography of omental torsion reveals a
homogeneous noncompressible hyperechoic
tumor that can be separated from a normal-
appearing gallbladder. Simple torsion is not
associated with bowel wall thickening, and, in
fact, bowel wall thickening should suggest
another diagnosis, such as inflammation of an
epiploic appendage. Exception occur, however,
and the adjacent bowel wall is thickened if
inflammation spreads via the omental tenia.

Ultrasonography and CT reveal omental
infarction as hyperechoic, hyperdense regions,
often adherent to peritoneum. These findings
then evolve and change rapidly. Adjacent organ
inflammation is in the differential diagnosis.
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Endometriosis
Endometriosis can develop anywhere in the
abdomen, including the abdominal wall,
inguinal canal, umbilicus, or surgical scar.
Endometriosis of the mesentery, omentum, or
bowel wall is less common than peritoneal
involvement. Endometriosis is associated with a
cystic mesothelioma and disseminated leiomy-
omatosis. It is one of the causes of bloody
ascites; in an occasional patient it results in peri-
tonitis and eventually evolves into scarring. A
rare endometrioid carcinoma develops at a scar
endometriosis site.

Adnexal endometriosis is discussed in
Chapter 12.

Most often intraperitoneal endometriosis con-
sists of solid or partly cystic tumors,at times mim-
icking metastasis. Smaller peritoneal implants are
not detected by US.The solid component in larger
tumors often appears nodular, and Doppler US
reveals blood flow within the tumor.

Magnetic resonance findings vary consider-
ably. Larger endometriomas are readily detected
with MRI; fat suppression aids in visualizing
smaller foci. With a mostly solid, fibrotic
endometrioma, T1-weighted images are iso- 
to hyperintense and T2-weighted images
hypointense. Endometrioma fluid, similar to a
hematoma, is hyperintense on both T1- and T2-
weighted images. Solid endometrioma nodules
enhance postgadolinium.

Diffuse peritoneal endometriosis has an
imaging appearance similar to that of carcino-
matosis or a chronic infection. Imaging is useful
in guiding a diagnostic biopsy.

Peritoneal Foreign Bodies
One of the complications of laparoscopic chole-
cystectomy is intraperitoneal spill of gallstones
and clips. Stones tend to settle in the pelvis and
right iliac fossa.Abdominal pain in such a patient
often suggests a ureteric calculus or appendicitis
and imaging findings of a right lower quadrant
calcification may concur with this diagnosis.
Surgery in these patients reveals calcifications
surrounded by granulomas. Gallstones “lost” in
the peritoneal cavity during laparoscopic chole-
cystectomy are discussed in Chapter 8.

One sequela of colonic epiploic appendiceal
inflammation is loose foreign bodies in the 

peritoneal cavity; some of these are quite
large—they measured 6 cm in diameter in one
patient (79). Few other conditions lead to loose
calcified peritoneal structures. The task of
imaging is to prove that such a calcification is
indeed loose. Some of these foreign bodies
become encased by fibrosis, and then a cal-
cified leiomyoma or similar tumor is in the 
differential.

Intrauterine contraceptive devices do migrate
into the peritoneal cavity. Imaging aids in their
localization for laparoscopic removal, although
some become encased by adhesions.

Peritoneal spill of ovarian dermoid content or
similar structure during resection results in a
postoperative granulomatous peritonitis.

Retained barium in the peritoneal cavity or
extraperitoneal tissues is discussed in chapter 5.
Retained surgical sponges are discussed later
(see Examination and Surgical Complications).

Immunosuppression
Most immunosuppression is encountered in
HIV-positive patients and in those after organ
transplantation. Also, occasionally detected is a
primary immunodeficiency state, found mostly
in children.

Acquired Immune Deficiency
Syndrome (AIDS)
Infection

An immunocompromised 15-year-old boy
developed necrotizing myofasciitis of the ante-
rior abdominal wall and clinically presented
with an acute abdomen (80).

A common cause of death in African AIDS
patients is pulmonary tuberculosis; a majority
of these patients also had abdominal tuberculo-
sis, with abdominal lymph nodes, liver, spleen
and kidneys involved. These patients tend not to
form tuberculous granulomas but do develop
tuberculous ascites. Tuberculous HIV patients
tend to have larger extraperitoneal and mesen-
teric adenopathy than nontuberculous HIV
patients. Also, adenopathy with a hypodense
appearance to lymph nodes suggests Mycobac-
terium tuberculosis source.

Extraperitoneal tuberculous abscesses in
AIDS patients are amenable to percutaneous
drainage under US guidance (81).
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Salmonella bacteremia and septicemia are
not uncommon in African seropositive AIDS
patients.

Acquired immune deficiency syndrome
patients are especially prone to develop 
systemic Trypanosoma cruzi infection, and an
extensive literature exists on this topic.

Intestinal perforation secondary to
cytomegalovirus (CMV) enteritis is the most
common cause of peritonitis in AIDS patients;
CMV peritonitis can also occur without a 
perforation.

Acquired immune deficiency syndrome
patients develop bacillary angiomatosis and
vascular lesions mimicking Kaposi’s sarcoma
that are secondary to infection with Bartonella
henselae. These lesions occur throughout the
body, including the abdominal lymph nodes,
liver, and spleen. Ascites develops with peri-
toneal involvement. These lesions contain
numerous capillaries, and postcontrast CT
reveals marked contrast enhancement.

Tumors

Kaposi’s sarcomas develop in AIDS patients not
only in the skin but also in the intestinal wall,
omentum, mesentery, and other sites. Chylous
ascites is not common, except if Kaposi’s
sarcoma involves the cisterna chyli.

A propensity for AIDS patients to develop
lymphoma is well documented.

Posttransplantation
Chronic immunosuppression in patients after
transplantation results in a lymphoproliferative
condition ranging from lymphoid hyperplasia
to lymphoma. Manifestations vary depending
on organ involvement. The primary role of
imaging is to detect any initial abnormality and
in follow-up, with biopsies used to establish a
specific diagnosis.

Examination and 
Surgical Complications
Dialysis
In peritoneal dialysis patients, MR peritoneog-
raphy is performed by adding an MR contrast
agent (about 20 mL) to a 2000 mL dialysate solu-

tion instilled into the peritoneal cavity. Images
obtained with the peritoneal cavity filled and
after drainage are evaluated for leaks, hernias,
adhesions, and for any loculated fluid (82). A
transvaginal leak of peritoneal dialysate can
also be confirmed by CT peritoneography.

The most common causes of peritoneal dial-
ysis catheter occlusion are infection and adja-
cent soft tissue abutting the end of the catheter.
Guide wire-assisted catheter manipulation is
often helpful with a suspected catheter occlu-
sion; long-term catheter patency can often be
reestablished.

Peritonitis in patients undergoing peritoneal
dialysis is often caused by an unusual organism.
These include both bacteria and fungi.

Patients undergoing hemodialysis are at risk
for mesenteric ischemia involving either the
large or small bowel. These ischemias are typi-
cally nonocclusive in nature. A mesenteric
infarct is a not uncommon cause for an acute
abdomen in this patient population.

Ventriculoperitoneal Shunts
Complications of ventriculoperitoneal shunts
include shunt migration, shunt fracture, and
superimposed infection; an occasional one
results in loculated cyst formation.

Laparoscopy
A previous laparotomy is a relative contraindi-
cation to laparoscopy because the presence of
abdominal wall adhesions increases the risk of
bowel injury during pneumoperitoneum induc-
tion and trocar insertion.

Laparoscopy in both adults and children has
a steep learning curve, but once established it is
associated with few complications. Com-
plications encountered include abscesses,
hematomas (in the abdominal wall, intraperi-
toneal, and retroperitoneal), bowel perforation
and obstruction, pancreatitis, and splenic
infarction. Complications discovered intra-
operatively generally result in open surgical
intervention.

Hernia Repair

Repair of an inguinal hernia using an extra-
peritoneal approach should not be associated
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with peritoneal complications, although such
complication as small bowel obstruction do
occur. Other complications encountered include
hematoma, seroma, protrusion of the prosthetic
mesh, infection, and hernia recurrence. Gener-
ally, however, no imaging study is necessary 
in most patients after laparoscopic hernia
repair.

Laparoscopic ventral hernia repair using a
mesh does not obliterate completely a preoper-
ative hernial sac, and thus postoperative fluid
collections here are common (83); CT differen-
tiation of such fluid from an abscess or recur-
rent hernia is difficult and, in the absence of
symptoms, serial follow-up appears reasonable.

Other Laparoscopic Complications

Incisional hernias through laparoscopic trocar
sites are uncommon and develop mostly
through trocar sites >10 mm in diameter. Even
acute appendiceal strangulation has developed
within a laparoscopic port hernia (84).

One complication of laparoscopy is injury to
extraperitoneal vessels, often due to blind inser-
tion of needles and trocars. These patients man-
ifest with acute hypotension intraoperatively
and require conversion to an open laparotomy.

Small bowel necrosis or mesenteric infarction
is rare.

Retained Sponges
A gossypiboma, or textiloma, is a tumor within
the body composed of a cotton matrix, such as
a laparotomy sponge. Conventional radiography
identifies most retained sponges by their
radiopaque markers. For a number of reasons
CT does not identify radiopaque markers in all
patients with retained sponges. Gas bubbles 
can develop within a gossypiboma without an
abscess being present. In time, a sponge
becomes encased in fibrosis, a phlegmon, or
occasionally an abscess.A rare one migrates into
the bowel lumen through a fistula and obstructs
(85).

Colonoscopy identified the thread of a surgi-
cal sponge at the tip of a granuloma in the
sigmoid colon of a patient with a prior 
hysterectomy (86); conventional radiography
identified a radiopaque thread, and CT revealed
a gossypiboma. Later study showed that the

thread was no longer present and the sponge
was presumably spontaneously expelled.

Biopsy
A pneumothorax is relatively common after a
lung biopsy. Occasionally not only a pneumoth-
orax but also a pneumoperitoneum develops
after a lung biopsy.

Abdominal biopsies and fluid aspirations are
performed under sterile conditions, yet the
introduction of bacteria and the resultant peri-
tonitis is a recognized complication of these
procedures.

An endoscopic suction biopsy can result in
small bowel perforation.

Tumor Seeding
Tumor seeding is associated with laparoscopic,
biopsy, and catheter drainage procedures and 
is discussed in the appropriate organ-related
chapters. Subcutaneous tumor seeding has even
developed along a needle track used for alcohol
sclerotherapy of a hepatocellular carcinoma.
The type of tumor and probably its pathologic
grade are relevant factors in tumor spread.
These implants tend to be homogeneous on pre-
contrast CT and heterogeneous and enhancing
on postcontrast CT.

The risk of abdominal wall tumor seeding
during needle biopsies is probably underesti-
mated in the literature. An unfortunate conse-
quence of tumor seeding after a fine-needle
biopsy is that it renders any subsequent
attempted curative resection into a palliative
one.

Numerous reports describe metastases at
laparoscopic trocar sites. These have occurred
with both extraperitoneal and intraperitoneal
laparoscopy. The relative prevalence of these
metastases compared to incisional recurrence
after a laparotomy is difficult to place in 
perspective.

Although rare, tumor seeding also occurs
along percutaneous drainage tracts in patients
undergoing abscess drainage in a setting of an
underlying cancer.

Heterotopic Calcifications
Heterotopic calcification in abdominal incisions
is a known sequela of abdominal surgery. These
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calcifications often are palpable, and some are
painful. They are often visible with not only CT
but also conventional radiography. Why they
form is not known. Some patients appear to be
predisposed to heterotopic bone formation
because calcifications recur after the primary
one is excised.
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Technique
Magnetic Resonance
Magnetic resonance (MR) relaxation character-
istics of focal tumors tend to be similar to
normal splenic tissue and thus difficult to
detect. With the spleen located in the left upper
abdomen close to the left hemidiaphragm, mag-
netic resonance imaging (MRI) of the spleen
requires control of motion artifacts. A number
of breath-hold techniques have been developed
that allow dynamic contrast-enhanced images.
Faster MRI techniques allow postcontrast
images to be obtained during perfusion, equi-
librium, and more delayed phases. Some focal
lesions equilibrate with normal splenic
parenchyma within several minutes after con-
trast injection and thus early postcontrast
images accentuate tumors compared to normal
tissue.

Superparamagnetic iron oxide contrast
agents are taken up by the reticuloendothelial
cells and shorten T2, making high signal inten-
sity tumors more conspicuous. While these
agents are theoretically advantageous in the
spleen, research activity in this field peaked
about a decade ago, and little current clinical
application exists in the spleen.

Scintigraphy
Some of the more common radiopharmaceu-
ticals useful in splenic imaging are technetium-

99m (Tc-99m)–sulfur colloid, indium-111–
white blood cells, and Tc-99m–red blood cells.

Biopsy/Drainage
Splenic biopsies are performed in both adults
and children with few complications. A variety
of needles are used, with 20- and 22-gauge
needles being the most common (1). Biopsies
establish a specific diagnosis in most patients
with a focal splenic abnormality.

Congenital Anomalies
Malposition
The spleen is normally located in the left upper
quadrant of the abdomen. Malposition is due 
to either a congenital maldevelopment or an
acquired condition, such as a prior surgical 
procedure. Excessive mobility to the spleen is
secondary to laxity of the splenic suspensory
ligaments, including the lienorenal ligament. At
times the splenic hilum is located along the
superior aspect of the spleen, a condition that is
probably a normal variant. The spleen can her-
niate into a prior lumbar incision.

Many patients with a hypermobile spleen are
asymptomatic, and these “wandering spleens”
are discovered incidentally when an imaging
study is performed for other purposes. An
asymptomatic wandering spleen can even be
located in the right side of the pelvis, mimick-
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ing a pelvic tumor. CT and MR reveal an absent
spleen in its usual location and a splenic-sized
tumor inferiorly. Contrast enhancement detects
a vascular pedicle. A wandering spleen can be
diagnosed with sequential liver-spleen scintig-
raphy and with In-111-leukocyte scintigraphy.
An occasional such wandering spleen is associ-
ated with dilated feeding vessels within lax lig-
aments. Lax suspensory ligaments predispose a
wandering spleen to splenic torsion and has
even caused splenic flexure volvulus. Splenic
torsion is a rare cause of an acute abdomen;
at times contrast enhanced imaging reveals a
partly nonenhancing spleen due to ischemia (2).

Accessory Spleen
The term accessory spleen is used to designate
additional separate splenic tissue believed to be
congenital in origin. It is a common condition,
with most accessory spleens located near the
splenic hilum, some even being intrapancreatic
in location where they can mimic a pancreatic
tumor. Although most are relatively fixed in
position, an occasional one fits the criteria of
a wandering spleen, such as an intrascrotal
paratesticular accessory spleen. Similar to a
main spleen, cysts can also develop in an acces-
sory spleen. In a setting of splenomegaly an
accessory spleen will also enlarge. Thus an
accessory spleen enlarges secondary to portal
hypertension. Torsion of an accessory spleen
vascular pedicle can result in vascular compro-
mise and progress to ischemia and infarction.

An accessory spleen is detected by computed
tomography (CT), ultrasonography (US), MRI,
and scintigraphy. On noncontrast CT it mimics
enlarged lymph nodes, but after contrast it
enhances similar to the spleen. Color Doppler
US also suggests the diagnosis. Accessory
spleens have the same MR signal intensity as
normal spleen parenchyma on all sequences.

A Tc-99m–sulfur colloid scan shows uptake
similar to the spleen. Occasionally such uptake
results in confusion. Thus after a splenectomy
somatostatin receptor scintigraphy reveals
uptake in an accessory spleen.

Asplenia and Polysplenia
The terms asplenia and polysplenia are descrip-
tive only, and associated abnormalities are

common. These conditions are part of the het-
erotaxy syndrome (discussed in Chapter 14).

Splenogonadal Fusion
Splenogonadal fusion in males is discussed in
Chapter 13. This rare congenital anomaly is
associated with orofacial and extremity abnor-
malities. Imaging detects a tumor in the lower
abdomen, with radiocolloid spleen scintigraphy
and single photon emission computed tomog-
raphy (SPECT) showing uptake similar to
splenic tissue.

Gaucher’s Disease
Gaucher’s disease is an autosomal-recessive
storage disorder caused by a defect in the lyso-
somal enzyme b-glucosidase, an enzyme
needed to degrade sphingolipids. About 40
mutations of the b-glucosidase gene have been
identified, with clinical disease variability
depending on the specific type of gene mutation
involved. Its hallmark is pathologic storage 
of glycolipid in mononuclear phagocytes, with 
a tissue reaction to these lipid-engorged
macrophages, or Gaucher cells, probably leading
to further organ damage. The diagnosis is made
by showing decreased acid b-glucosidase activ-
ity in peripheral blood leukocytes. A histologic
diagnosis is not necessary in most patients.
Genotyping is available and does detect most
carriers, but the variable phenotypic expressiv-
ity limits the use of genotyping as a practical
tool.

Gaucher’s disease is subdivided into three
types based on the presence or absence of neu-
rologic involvement: type 1, nonneuronopathic;
type 2, severe neuronopathic; and type 3, a
chronic, less severe neuronopathic form similar
to type 1, but with more severe, systemic mani-
festations.A rare neonatal form leads to hydrops
fetalis.

The disease involves multiple organs but
varies considerably in its clinical expressivity
and severity. Typically, splenomegaly, bone
lesions, and eventually central neurologic
involvement become evident. These patients are
at increased risk of developing lymphoprolifer-
ative disorders, including non-Hodgkin’s 
lymphoma.
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Moderate-to-severe splenomegaly due to
reticuloendothelial hypertrophy and hyperpla-
sia is a common and often the only imaging
finding. Hepatomegaly generally is not a pro-
minent feature. A number of CT and US tech-
niques have been developed to measure splenic
volume. These are useful in patients with
Gaucher’s disease who often undergo serial
follow-up studies. Follow-up of splenic volume
changes are best obtained using the same
imaging modality.

A minority of patients have well-defined
homogeneous hypodense nodules scattered
throughout the spleen. Ultrasonography shows
variable echogenicity in these nodules.An irreg-
ular, inhomogeneous appearance is seen if
these nodules become confluent. Of interest 
is that splenectomized patients tend to 
develop retroperitoneal or periportal lym-
phadenopathy. Magnetic resonance imaging
also identifies splenic nodules in some of these
patients, with these nodules being isointense on
T1- and hypointense on T2-weighted images.
Also, MR detects splenic infarcts in these
patients.

These patients have decreased plasma levels
of low-density lipoproteins. Technetium-99m–
low-density lipoprotein scintigraphy shows that
these proteins are taken up by the spleen, bone
marrow, and liver reticuloendothelial system
(3). Such serial studies appear of value in 
follow-up after therapy.

Splenectomy and heterotopic splenic auto-
transplantation have been used to treat hyper-
splenism. Partial splenectomy often leads to
enlargement of the splenic remnant. It is not
clear if such enlargement is due to splenic tissue
regeneration or continued glycolipid deposition
or both.

An occasional patient with massive
splenomegaly develops a splenic abscess.

Thalassemia
Hypersplenism can be corrected in children
with thalassemia by partial or total surgical
splenectomy. An alternative is partial splenic
embolization. After embolization the spleen
decreases in size and fewer transfusions are 
necessary.

Hereditary Spherocytosis
Patients with hereditary spherocytosis have
hemolysis, either compensated or leading to
anemia, and are at increased risk for biliru-
binate gallstones, erythroid aplasia, and
hemolytic crises.

Therapy consists of splenectomy, although
partial splenic embolization is an option (4).

Niemann-Pick Disease
Niemann-Pick type C disease is an autosomal-
recessive lipid storage disorder, leading to 
an accumulation of syringomyelin and choles-
terol in the brain, liver, and spleen. Most 
affected patients develop neurologic symptoms.
Isolated nodular splenomegaly develops in this 
condition.

Sickle Cell Disease
Patients with sickle cell disease are at risk for
splenic infection, abscess, acute splenic seques-
tration crisis, hypersplenism, and splenic infarc-
tion. Most acute infarctions involve only a
portion of the spleen, although total splenic
infarction does develop. During an acute
sequestration crisis the hematocrit drops and
spleen enlarges, at times massively. Computed
tomography identifies multiple hypodense foci
in the spleen. Multiple episodes of focal splenic
infarction eventually result in a small spleen, at
times containing calcifications.

In patients homozygous for this condition
MRI reveals a signal void on T2-weighted
sequences due to a combination of iron deposi-
tion and superimposed calcifications (iron 
overload is discussed in Chapter 7). These
patients have impairment of splenic reticulo-
endothelial function; scintigraphy with Tc-
99m–sulfur colloid reveals nonvisualization of
the spleen.

Patients with sickle cell disease develop
round intrasplenic nodules, shown to represent
functioning splenic tissue; this tissue is hypo-
dense on CT, hypoechoic on US, appears as
normal spleen on MRI, and manifests uptake of
Tc-99m–sulfur colloid. Imaging thus allows dis-
tinguishing these nodules from abscesses and
infarcts.
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Trauma
In the United States, the initial triage of trauma
patients classifies them into those who are
unstable and require immediate surgery or
stable; the latter patients generally undergo 
contrast-enhanced CT, with a decision for
surgery, angiographic therapy, or conservative
management based on CT findings. Quite often
splenic trauma is only one element of multisys-
tem trauma, and the decision for a specific
therapy is modified accordingly. Intravenous
contrast is necessary for adequate CT evalua-
tion. Using splenic arteriography as a gold stan-
dard, in 78 hemodynamically stable patients CT
achieved an 81% sensitivity and 84% specificity
in predicting the need for splenic therapy (5). In
general, US is believed to be not as sensitive in
detecting the extent of injury.

A number of injury severity schemes based
on contrast-enhanced CT have been developed.
Some use the degree of splenic laceration and
devascularization as a classification guide.
Both in adults and children these schemes 
have had limited success in guiding therapy.
A splenic injury classification scale, devised by
the American Association for the Surgery of
Trauma, is outlined in Table 15.1. In general, the
injury severity score best correlates with
outcome.

Some patients managed conservatively
develop delayed complications, including

splenic or subphrenic abscess, bleeding from a
(pseudo)aneurysm, or splenic rupture. Whether
routine follow-up CT is warranted in these
patients is controversial. Follow-up CT in other-
wise asymptomatic patients does not appear to
be routinely warranted. Whether US follow-up,
including color Doppler, is warranted is not
clear.

Blunt abdominal trauma can result in
pseudoaneurysms and a splenic arteriovenous
fistula; some of these fistulas resolve 
spontaneously.

Hematoma
A hematoma can be subcapsular or intra-
parenchymal in location or, with rupture of the
capsule, even perisplenic.

With noncontrast CT, intrasplenic hema-
tomas range from hypodense to hyperdense
(density-time variations are discussed in
Chapter 14). Contrast-enhanced CT reveals a
hematoma as a nonperfused region surrounded
by contrast-enhancing normal parenchyma. A
subcapsular hematoma tends to have a crescent
shape, while perisplenic ones are more irregu-
lar. Multiple episodes of spontaneous splenic
bleeding can eventually result in a CT “onion
skin” appearance.

A recent hematoma has a complex US appear-
ance, and clotted blood in a hematoma can be

Table 15.1. Surgical splenic injury scale

Grade* Type of injury

I Hematoma Subcapsular,<10% of surface
Laceration Capsular,<1 cm in parenchymal depth

II Hematoma Subcapsular, 10–50% of surface
Parenchymal,<5 cm in diameter

Laceration Parenchymal, 1–3 cm in depth, trabecular vessels not involved

III Hematoma Subcapsular,>50% of surface or expanding Ruptured
Parenchymal,>5 cm in diameter or expanding

Laceration Parenchymal,>3 cm in depth or involving trabecular vessels

IV Laceration Segmental or hilar vessels involved in devascularization (>25% of spleen)

V Laceration Shattered spleen
Vascular Hilar injury with devascularized spleen

* Advanced one grade for multiple injuries, up to grade III.
Source: Modified from Moore et al. (6).
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isoechoic to splenic tissue. Thus a perisplenic
hematoma may simply blend into the spleen
until it liquifies later on. In time, a hematoma
gradually becomes anechoic.

Most hematomas eventually resolve; an occa-
sional one becomes infected and requires
drainage. Some evolve into nonepithelial cysts.
Splenic hematomas can be drained percuta-
neously, although some recur. Gallium-67 sub-
traction scintigraphy is useful if an infected
splenic hematoma is suspected.

Laceration/Rupture
Splenic laceration is usually associated with
intraperitoneal hemorrhage; occasionally
splenic injury also leads to extraperitoneal hem-
orrhage into the anterior pararenal space (7).

Although uncommon, delayed splenic
rupture does occur after trauma. Occasionally
even a minor splenic laceration leads to hemor-
rhage days later, at times massively. This topic is
difficult to place in proper perspective because
splenic rupture has been reported even years
after prior injury.

Splenic rupture after minor trauma should
lead to a search for underlying disease. In
Western countries the leading cause of sponta-
neous splenic rupture is infectious mononucle-
osis. Rupture is a recognized complication in
patients with malaria. Rarely, spontaneous
splenic rupture occurs in patients with
HIV/AIDS, acute leukemia, sickle cell disease,
amyloidosis, hepatitis virus infection, and 
even Salmonella enteritidis infection (8).
Splenomegaly due to such entities as Wilson’s
disease predisposes to rupture. Rupture of a
splenic cyst after minor trauma can result in an
acute abdomen. Splenic rupture is a complica-
tion of various interventional procedures, such
as colonoscopy, extracorporeal shock-wave
lithotripsy, and even after insertion of an
implantable defibrillator using a left subcostal
approach.

Precontrast CT of a laceration is seen as 
an irregular, hypodense defect (Fig. 15.1).
Post–intravenous contrast, a laceration is better
defined by surrounding contrast-enhancing
normal splenic parenchyma; an adjacent 
subcapsular or extrasplenic hematoma is 
often present. With active arterial bleeding 
at the time of study, contrast CT can identify
extravasation.

Avulsion
Most splenic avulsions are secondary to major
trauma. Avulsion has occurred, however, sec-
ondary to colonoscopy and even in a patient
with hyperemesis.

Therapy
The overall trend is to manage conservatively
hemodynamically stable patients with splenic
injury, generally detected by CT, and with no
other indication for laparotomy. Conservative
management tends to be unsuccessful if a trau-
matic pseudoaneurysm or frank extravasation
is detected on an initial CT examination; these
patients should be treated with early surgical or
endovascular therapy. Some of these patients
undergo splenic arteriography and, if contrast
extravasation is detected, splenic artery
embolization is performed. Transcatheter arte-
rial embolization therapy performed in trauma
patients with angiographically evident contrast
extravasation, arterial disruption, or major arte-
riovenous fistula is successful in over 90% of
these patients.

Computed tomography identifies a splenic
artery pseudoaneurysms as contrast blush;
arteriography confirms this finding, and a
majority of these aneurysms can be successfully
embolized.

A subtotal splenectomy, with preservation of
the upper splenic pole supplied by splenogastric

Figure 15.1. Splenic laceration. Ascites is also present.
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vessels, was performed in patients with severe
splenic injuries (9). Partial laparoscopic
splenectomy following splenic trauma is also
feasible.

A preexisting diseased (enlarged) spleen is
more prone to laceration/rupture than a normal
spleen and patients with such a spleen probably
undergo a higher rate of splenectomy than 
those with a normal-size spleen. Conservative
management, however, can be successful in
stable patients with trauma to a diseased 
spleen.

At times heterotopic splenic autotransplanta-
tion is performed after abdominal trauma
requiring total splenectomy. Whether the auto-
transplanted splenic tissue is functioning can be
evaluated with red blood cell scintigraphy.

Follow-up US in children with blunt splenic
trauma found that the time to healing is related
to injury severity (10); sequelae include an occa-
sional splenic cyst.

Torsion/Volvulus
Occasionally a wandering spleen twists on its
axis on either an acute or chronic basis, a con-
dition occurring in both children and adults.
Torsion can be suggested in the appropriate
clinical setting if the spleen is not in its usual
right upper quadrant location (the condition is
really a volvulus, although the term torsion is
often used interchangeably in the literature).

When acute, the sudden onset of abdominal
pain suggests an acute abdomen. On a more
chronic basis, few symptoms are elicited and 
the condition is often detected incidentally
when an abnormal lower abdominal or even
pelvic tumor is detected and the splenic fossa
empty.

Imaging suggests the diagnosis. Computed
tomography reveals a hypodense spleen, at
times still showing postcontrast peripheral
enhancement. Ultrasonography detects a hypo-
echoic solid spleen, and Doppler US reveals
absent blood flow, confirming the diagnosis.

Torsion and infarction also develop in an
accessory spleen, especially if it has a long vas-
cular pedicle. A number of these rare events
occur in children.

Laparoscopic splenopexy of a mobile spleen
has been performed (11).

Splenosis
Acquired splenic tissue outside the spleen, such
as ectopic implantation from prior trauma, is
termed splenosis, thus distinguishing it from an
accessory spleen, which is a congenital condi-
tion. Splenosis tends to present with multiple
nodules; accessory spleens, on the other hand,
are few in number. Splenosis involves the peri-
toneum, retroperitoneal tissues, thoracic cavity,
and even subcutaneous abdominal wall tissues
(Fig. 15.2). It can develop years after splenec-
tomy. Even intrahepatic splenosis has been
reported (12). One patient developed cerebral
splenosis 15 years after splenectomy (13).

Splenosis can become quite large, even 
mimicking an adjacent neoplasm. Most of these
splenic nodules have a smooth outline. If
sufficiently large, splenosis is imaged by CT, US,
MRI, and scintigraphy. Ultrasonography reveals
homogeneous echogenicity.

Splenosis should be differentiated from 
polysplenia.

Splenomegaly
The definition of an abnormally enlarged spleen
(splenomegaly) is arbitrary. One definition used
by ultrasonographers is a spleen that deviates by

Figure 15.2. Splenosis.The patient had a splenectomy as a child
due to trauma. Computed tomography (CT) reveals left upper
quadrant soft tissue nodules. Serial studies showed no change.
(Courtesy of Patrick Fultz, M.D., University of Rochester.)
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either one or two standard deviations from a
group of “normal” spleens using the US splenic
volume index.

Etiologies of splenomegaly are legion. Some
radiologists subdivide splenomegaly into mod-
erate versus massive, with the correspondingly
most likely associated etiologies (Fig. 15.3). The
most common causes of massive splenomegaly
are myelofibrosis, lymphoma, and late-stage
leukemia, although these entities are also
encountered with lesser splenic enlargement.
Splenomegaly is common in patients with
portal hypertension. A rare cause of hepato-
splenomegaly is systemic mastocytosis.

Infection/Inflammation
Most splenic infections are hematogenous in
origin, although in some patients no primary
focus of infection can be determined.

Small, focal, hypodense nodules scattered in
the spleen on arterial phase CT images suggest
an infection. A finding of such a “spotted
spleen,” however, is also seen with some neo-

plasms, especially lymphoma, and noninfec-
tious inflammatory conditions such as sarcoid
(14).

Abscess
Splenic abscesses are not common. Most
develop in a setting of systemic infection,
trauma, diabetes, malignancy, or some hemato-
logic disorder. Splenic flexure fistulas in colonic
Crohn’s disease can involve the spleen and result
in abscesses. Some left renal abscesses also
involve the spleen. Likewise, a splenic abscess is
a complication of a nephrectomy, especially if a
nephrectomy is performed for xanthogranulo-
matous pyelonephritis. Common pathogens
encountered are Staphylococcus and Streptococ-
cus species and Escherichia coli. An occasional
abscess contains Clostridium perfringens or
other clostridial species.

Clinical signs and symptoms are nonspecific
and include fever, pain, and left upper quadrant
tenderness. Splenomegaly is usually present.
Undiagnosed, splenic abscesses result in a high
mortality rate.

Imaging should suggest the diagnosis (Fig.
15.4). In some patients a chest radiograph
reveals a left pleural effusion. Most splenic
abscesses are solitary. Computed tomography
shows a hypodense region surrounded by 

Figure 15.3. Massive splenomegaly secondary to myelofibrosis.

Figure 15.4. Splenic abscess detected by CT. It was of unknown
etiology.
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a contrast-enhancing rim. Gas within an 
abscess implies gas-forming bacteria; gas is only
rarely secondary to an enteric fistula. A 
ruptured splenic abscess, however, has led to a
pneumoperitoneum.

Most splenic abscesses have a slight hetero-
geneous MR appearance on precontrast images.
Peripheral ring enhancement is common on
postcontrast images.

Once imaging suggests a splenic abscess,
culture of aspirated material should identify the
infectious agent. Traditionally splenic abscesses
have been treated by splenectomy, although they
are amenable to percutaneous drainage, gener-
ally under US guidance, and percutaneous
drainage has replaced splenectomy in a number
of institutions.

Hydatid Disease
Hydatid disease is discussed in more detail in
Chapter 7.Although most echinococcal cysts are
located in either the liver or the lungs, an occa-
sional cyst develops in the spleen, kidneys,
bones, heart, or peritoneum. Usually splenic
involvement is also associated with other
disease, at times being recurrent. Rupture of a
splenic echinococcal cyst results in peritoneal
dissemination of cyst content.

Cyst wall calcifications develop in about half
of splenic echinococcal cysts. Most have a well-
demarcated outline; some are multiloculated

(Fig. 15.5). Postcontrast CT reveals little contrast
enhancement in the cyst wall.

Other splenic cysts, including the rare lym-
phangioma, are in the differential diagnosis.

Tuberculosis
Splenic tuberculosis is rare. Silent splenic
involvement is found in some patients with 
disseminated tuberculosis. Typically multiple
small, hypodense lesions are scattered through-
out the spleen. No calcification is evident during
an acute infection but develop with healing.
The imaging appearance is nonspecific and is
similar to that seen with a number of other
infections and some lymphomas. Computed
tomography revealed multiple, round or oval,
hypodense tumors (Fig. 15.6). Ultrasonography
of diffuse involvement reveals numerous 
hyperechoic foci. They are hypointense on T1-
weighted images and often heterogeneous on
T2-weighted images. They do not enhance with
contrast but tend to have a slight rim enhance-
ment postcontrast. Splenic tuberculosis is often
associated with extraperitoneal adenopathy,
with the nodes having peripheral contrast
enhancement.

The less common isolated tuberculoma
mimics a splenic abscess.

Tuberculous splenic abscesses are photopenic
with Tc-99m-sulfur colloid scintigraphy; these
abscesses, however, have increased uptake
during gallium-67 scintigraphy.

Figure 15.5. Isolated splenic hydatid disease. Contrast-enhanced CT through upper (A) and lower (B) poles reveals a large cystic
nonenhancing structure. A daughter cyst is evident in A. (Source: Polat P, Kantarci M, Alper F, Suma S, Koruyucu MB, Okur A. Hydatid
disease from head to toe. RadioGraphics 2003;23:475–494, with permission from the Radiological Society of North America.)

A B
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fever, sweating, fatigue, and joint pain, with
osteoarthritic involvement being the most
prevalent complication (15). Abdominal com-
plaints were not common.

Calcifications in splenic brucellosis have an
irregular and mottled appearance. Of interest is
that with most infections calcifications imply
disease inactivity within that nidus; brucellosis
is unique in that active infection can be present
even in a calcified nidus.

Cat-Scratch Disease 
(Bartonella Infection)
Bartonella henselae infection is related to
contact with cats and is the presumed cause of
cat-scratch disease. If disseminated, this infec-
tion leads to focal multinodular liver and
splenic granulomas.

The splenic granulomas eventually calcify,
often having a coarse appearance.

Infectious Mononucleosis 
(Epstein-Barr Virus Infection)
While splenomegaly is common in patients with
infectious mononucleosis, in the occasional
patient with disproportionate splenomegaly 
an underlying hematologic malignancy or a
storage disorder such as Gaucher’s disease
should be considered.

Some physicians believe that early splenec-
tomy is indicated in a setting of splenic rupture
complicating infectious mononucleosis, and
most patients with spontaneous splenic rupture
undergo splenectomy, although a nonoperative
approach is feasible in selected patients. Even
with initial nonoperative management, some
eventually require a splenectomy.

Metabolic and Related
Disorders
Hypersplenism
Hypersplenism, or increased splenic hemolysis,
is a manifestation of several disorders, such 
as thrombocytopenic purpura and Gaucher’s
disease. Transcatheter splenic artery emboliza-
tion is effective therapy for hypersplenism.

Candidiasis
A Candida sp. splenic abscess in the absence of
immunocompromise is rare. Both pre- and
postcontrast CT aid in detecting these multiple,
often small abscesses. They tend to be hypo-
dense. A typical US appearance is that of a
bull’s-eye, a finding that is neither specific 
nor always seen. These abscesses appear
hypointense on T1- and hyperintense on T2-
weighted images. They do not enhance 
postcontrast.

If large enough, these abscesses are amenable
to percutaneous drainage.

Histoplasmosis
Multiple small, punctate intrasplenic calcifi-
cations develop in patients with past histoplas-
mosis infection. Tuberculosis shows similar
findings. In both entities calcifications are
indicative of inactive disease.

Imaging readily detects these granulomas.

Brucellosis
Human brucellosis is caused by Brucella
abortus, B. suis, B. canis, and B. melitensis. The
latter is considered to be the most virulent.

Among patients with brucellosis from Beirut,
Lebanon, the main presenting symptoms were

Figure 15.6. Splenic tuberculosis in an HIV-positive man. Con-
trast-enhanced CT shows marked splenomegaly and numerous
poorly enhancing nodules throughout the spleen. Enlarged
retroperitoneal nodes were also identified. (Courtesy of Patrick
Fultz, M.D., University of Rochester.)
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Platelets, white blood count, and liver function
tests improve significantly after such emboliza-
tion. Fever, abdominal pain, pleural effusion,
and ascites are transient phenomena after
splenic embolization.

Partial splenic embolization can be therapeu-
tic in cirrhotic patients with hypersplenism.
Residual spleen volumes remain stable in those
with infarction rates >80%; on the other hand,
in patients with lower infarction rates spleen
volume tends to increase. The ideal splenic
volume to be embolized is not clear and proba-
bly varies depending on disease and age. For
instance, children with hypersplenism undergo-
ing 30% to 40% splenic volume embolization
have lower morbidity compared with those
undergoing more extensive splenic emboliza-
tion (16); all maintained a platelet count above
baseline.

Hyposplenism
The classic example of decreased splenic func-
tion is in sickle cell disease. For unknown
reasons patients with celiac disease also develop
hyposplenism. Decreased splenic function is
detected by the presence of abnormal red blood
cells and by finding decreased splenic uptake on
a Tc-99m–sulfur colloid scan.

Hyposplenism increases the risk of infec-
tion and predisposes to spontaneous splenic
rupture.

Extramedullary Hematopoiesis
Extramedullary hematopoiesis is most common
in patients with congenital hemolytic anemias.
Most foci occur in the liver and spleen but are
too small to identify with imaging. If large
enough, CT reveals a homogeneous hypodense
tumor, suggesting an infection or neoplasm.

Iron Overload
Similar to the liver, MRI of the spleen detects
relatively low levels of splenic iron overload, but
for meaningful results stringent equipment cal-
ibration is necessary. Iron overload is difficult to
quantify but is occasionally useful in adults 
with suspected posttransfusion iron overload.
In children after autologous bone marrow
transplantation, MRI detects earlier iron over-
load in the liver than in the spleen.

Amyloidosis
Splenic involvement occurs in both primary and
secondary amyloidosis. Diffuse rather than
focal splenic involvement is more common.
Abnormal regions tend to be hypodense on CT.
Some foci calcify. Arterial phase CT in a patient
with primary liver and spleen amyloidosis
revealed lack of contrast enhancement (17); the
spleen was hypointense on T2-weighted MR
images.

Systemic amyloidosis is associated with
hyposplenism. Among patients with suspected
liver amyloidosis, a liver-spleen scan is quite
sensitive in detecting decreased splenic activity
and can suggest disease even before abnormal
red blood cells are detected in a peripheral
smear.

An amyloid spleen predisposes to a sponta-
neous splenic rupture.

Sarcoidosis
Splenic abnormalities are present in roughly
half of patients with sarcoidosis, with splenic
involvement usually being asymptomatic and
overshadowed by other organ involvement.
The most common abdominal manifestation of
sarcoidosis is hepatosplenomegaly, although
marked splenic enlargement is rare. Less often
seen are splenic nodules (18), an appearance
called spotted spleen. Usually these splenic
nodules are larger than their counterparts in the
liver. They are not specific to sarcoidosis and are
also found with some malignancies and infec-
tions. Punctate calcifications develop in some
sarcoid spleens; these calcifications are readily
identified by imaging and are similar to those
seen with histoplasmosis and tuberculosis.
Chest radiography is normal in some patients
with splenic sarcoidosis.

Computed tomography reveals sarcoid
nodules to be hypodense to splenic parenchyma
and hypointense on MRI; they are best identi-
fied on T2-weighted fat-suppressed images 
and on immediate contrast-enhanced images.
Ultrasonography reveals solid, hypoechoic 
foci.

Extraperitoneal adenopathy is common.
Computed tomography also often detects an
increased number of normal-sized lymph
nodes.
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Virus-Associated Hemophagocytic
Syndrome
Virus-associated hemophagocytic syndrome
consists of erythrocyte and other blood element
phagocytosis in multiple organs, including 
the spleen. Magnetic resonance imaging in a
patient with acute lymphocytic leukemia and
virus-associated hemophagocytic syndrome
revealed multiple, round splenic signal voids
believed to represent hemosiderin deposits 
(19).

Tumors
Nonneoplastic
Inflammatory Tumor

The term inflammatory tumor, also called
inflammatory pseudotumor and inflammatory
myofibroblastic tumor, describes a focal
inflammatory and reactive response in the
spleen. The etiology of these rare tumors is
unknown. They consist of a discrete encapsu-
lated tumor containing a mixture of spindle
cells suggesting myofibroblasts, inflammation,
fibrosis, and necrosis.

They vary considerably in size and number.
Some are quite large. They contain a mix of solid
and cystic components. Computed tomography
reveals a heterogeneous tumor. A central scar is
suggested in some. They enhance less than
normal spleen on early phase CT, but delayed
enhancement is evident on later phases. They
are heterogeneous and hypo- to isointense to
splenic parenchyma on T1- and hypo- to hyper-
intense on T2-weighted MR images. Similar to
CT, delayed enhancement is evident post-
gadolinium. Their overall appearance is non-
specific and a preoperative diagnosis is difficult;
the differential includes a malignancy.

A number of patients with an eventually diag-
nosed splenic inflammatory tumor have under-
gone a splenectomy.

Hemangioma

Some authors classify splenic hemangiomas
under neoplasms, together with angiomas 

and angiosarcomas. Although imaging findings
overlap somewhat for these entities, patho-
genetically hemangiomas are generally consid-
ered to be development anomalies and probably
should be classified under hamartomas, but
they have a sufficiently unique imaging appear-
ance that they are discussed separately; keep in
mind that an occasional splenic hemangioma
exhibits sarcomatoid changes.

Splenic hemangiomas range from single to
multiple. Multiple hemangiomas occur in the
Klippel-Trénaunay-Weber syndrome. Heman-
gioma complications include hemorrhage 
and rupture. One infant with splenic heman-
giomatosis had life-threatening thrombocy-
topenia, anemia and intravascular coagulopathy
(Kasabach-Merritt syndrome) (20); whether
these tumors indeed represented heman-
giomatosis or a hemangioendothelioma is not
clear.

Similar to liver hemangiomas, CT shows a
low-density tumor with a peripheral hypervas-
cular contrast-enhancing rim. Unlike in the
liver, however, splenic hemangiomas less often
show progressive central enhancement (Fig.
15.7).

Gray-scale US reveals hemangiomas as well-
marginated, homogeneous and hyperechoic
tumors (Fig. 15.8).

Figure 15.7. Presumed splenic hemangioma. Early contrast-
enhanced CT image reveals a hypodense tumor. Delayed views
showed that this tumor fills in from the periphery and becomes
nearly isodense with the spleen. A similar tumor was present on
CT images 19 months previously. (Courtesy of Patrick Fultz, M.D.,
University of Rochester.)
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A majority of splenic hemangiomas are
hyperintense on T2-weighted MRI relative to the
spleen; similar to liver hemangiomas, dynamic
MRA reveals progressive centripetal enhance-
ment in most, with eventual uniform enhance-
ment. They differ from liver hemangiomas 
in achieving earlier homogeneous contrast
enhancement rather than exhibiting gradual
enhancement from the periphery inward.

A Tc-99m–red blood cell scan shows a typical
hemangioma as a photopenic lesion during 
perfusion and on early blood pool images, with

subsequent filling-in on delayed images.
Technetium-99m–human serum albumin
(HSA) reveals radiotracer accumulation within
a hemangioma.

With a suspected hemangioma in an asymp-
tomatic patient serial US is useful to evaluate
any change.

Peliosis

Splenic peliosis is considerably less common
than peliosis hepatis. Peliosis has developed in

Figure 15.8. Splenic hemangiomatosis in a 6-year-old boy. Pre-
contrast (A) and intravenous contrast-enhanced (B) CT reveals
multiple nonenhancing cysts in the spleen. C: Ultrasonography
identifies hyperechoic foci in the spleen. (Courtesy of Luann
Teschmacher, M.D., University of Rochester.)C

A
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splenic hamartomas and in splenic parenchyma
(21). Splenic peliosis can result in spontaneous
splenic rupture, probably due to minor trauma.

The imaging appearance of splenic peliosis is
similar to that seen in the liver. Computed
tomography reveals hypodense tumors.

Hamartoma

The rare splenic hamartoma, or splenoma, is
believed to be congenital in origin. Two types
occur: white pulp, composed of aberrant lym-
phoid tissue, and red pulp, composed mostly 
of sinuses. Often a mix of both is found. A
histopathologic differentiation from lymphoma
is possible with most of these tumors. Most are
detected incidentally. An occasional one is asso-
ciated with thrombocytopenia or pancytopenia.

The CT appearance is similar to that seen
with hamartomas in other locations. They range
from homogeneous to heterogeneous. Most do
not contain calcifications. Some have a cystic
component. They tend to be isodense to splenic
tissue. Some exhibit prolonged contrast enhan-
cement. US reveals a well-marginated and some-
what hypoechoic tumor, at times containing
multiple punctate foci, probably representing
necrosis.

Most hamartomas are isointense on T1- and
hyperintense on T2-weighted images. They have
heterogeneous early postcontrast enhancement,
often enhancing more uniformly on delayed
images. Some hamartomas, however, have an
enhancement pattern similar to hemangiomas.
Prolonged enhancement on postcontrast CT
and MR images differentiates these lesions from
most malignancies.Aside from necrotic regions,
angiography reveals them to be hypervascular.

Most hamartoma have similar uptake of
Tc-99m-HSA to hemangiomas. Radiocolloid
uptake is less within the tumor than in a normal
spleen.

Cysts

Pathologically, most splenic cysts can be divided
into epithelial-lined cysts, which are develop-
mental in origin, and nonepithelial cysts, which
are mostly sequelae of a prior hematoma. Radi-
ologists often refer to both types as simple 
cysts, which is a descriptive term. Except for
echinococcal cysts, infections rarely result in a
splenic cyst.

A simple cyst, either developmental or post-
traumatic, has a well-defined wall, consists of
fluid density, and does not enhance post-
contrast. Some cysts contain septa. Hemor-
rhage into a simple cyst or the presence of
cholesterol crystals result in hyperechoic fluid.
Calcifications eventually develop in some cyst
walls.

A large splenic cyst is one of the causes of
splenomegaly.

Simple cysts have been treated by laparo-
scopic spleen-preserving surgery.

Epithelial Cysts

Most developmental cysts, also called epider-
moid cysts, mesothelial cysts, primary cysts, and
true cysts, probably represent sequelae of
mesothelial cell remnants trapped in splenic
tissue. Several familial splenic cysts are
reported. Some authors classify hemangiomas
and cystic lymphangiomas as true cysts.

These cysts tend to be asymptomatic until
trauma, at times minor, leads to hemorrhage
and an increase in cyst size and then rupture.
At times infection or compression of adjacent
structures reveals its presence. Most are 
unilocular.

Prenatal US identified a splenic cyst at 31
weeks’ gestation (22); the cyst had sponta-
neously regressed when the infant was 7 months
of age.

Nonepithelial Cysts

The majority of cysts encountered in the West
are posttraumatic; these do not have an epithe-
lial lining and are also called pseudocysts,
hemorrhagic cysts, and serosal cysts. At times
prior hematoma-inducing trauma was relatively
minor and is not remembered. Eventually a
hematoma evolves into a nonepithelial cyst con-
taining serous fluid.

Pancreatic Pseudocyst

Some cysts originating in an adjacent structure
involve the spleen to the extent that imaging will
suggest a splenic origin. For example, a pancre-
atic pseudocyst (also called a false cyst) arising
from the tail of the pancreas can extend into the
spleen and appear intrasplenic. Also in the dif-



946

ADVANCED IMAGING OF THE ABDOMEN

ferential is an abscess and a cystic or necrotic
neoplasm.

These cysts can be drained percutaneously.

Lymphangioma

Splenic lymphangiomatosis consists of multiple
endothelial-lined cysts; it is a rare tumor. Some
are associated with splenomegaly or hyper-
splenism. Most are discovered incidentally. Not
uncommonly, liver and other site lymphan-
giomas are also identified.

Imaging typically shows a multilocular cyst
or multiple thin-walled cysts, most often sub-
capsular in location. An occasional one contains
curvilinear calcifications. They are hypodense
and do not enhance with postcontrast CT. Occa-
sionally diffuse lymphangiomatosis appears on
postcontrast CT as a mottled spleen. They are
hyperintense on T2-weighted images, except
that cyst septa, consisting of fibrous connective
tissue, appear hypointense.

Hydatid disease is in the differential diagno-
sis of a cystic lymphangioma.

Whether these patients should be treated
(resection or embolization) or whether 
observation is appropriate depends on 
symptomatology.

Neoplasms
Angioma/Angiosarcoma

An angioma is an unusual splenic tumor that is
difficult to classify. This rare, benign vascular
tumor is composed of anastomosing vascular
channels containing papillary projections.
Littoral cell angiomas are rare neoplasms origi-
nating from cell lining sinuses (littoral cells)
rather than larger vessels and have chara-
cteristic immunohistochemical properties. For
unknown reason, anemia or thrombocytopenia
develops in some patients. These tumors range
from a focal tumor, to a miliary pattern, to ones
replacing most of the spleen. Most are benign,
although a littoral cell angiosarcoma also
occurs. Littoral cell angiomas are hypodense rel-
ative to normal spleen tissue (23); dynamic CT
reveals progressive and homogeneous contrast
enhancement to the point that they resemble
normal splenic parenchyma.

A primary angiosarcoma is a rare but highly
malignant splenic neoplasm. It can involve
accessory spleens. Splenomegaly is not uncom-
mon and spontaneous splenic rupture does
occur with angiosarcomas. Imaging of some of
these tumors suggests abscesses.

Only a few MR findings of primary splenic
angiosarcomas are reported. One was hypoin-
tense both on T1- and T2-weighted images,
which differentiates it from most hemangiomas
(24); intratumoral hemorrhage and necrosis
were evident. Postgadolinium imaging revealed
heterogeneous enhancement.

Lymphoma

The most common focal splenic tumor is 
malignant lymphoma. Most primary splenic
lymphomas appear as a large, solitary tumor;
multifocal tumors are less common. These
tumors tend to enhance less than splenic
parenchyma on postcontrast CT. Only an occa-
sional one shows rim enhancement (Fig. 15.9).
The majority of primary lymphomas are hypo-
echoic on US.

Splenomegaly is common but not universal
with splenic involvement by lymphoma. Con-
versely, splenomegaly may be due to some other
underlying disorder. Calcifications are unusual,
but have developed in both untreated and,
more often, treated lymphoma. Large necrotic
nodules mimic an abscess (Fig. 15.10).

Aside from splenomegaly, splenic involve-
ment by systemic lymphoma tends to be missed
by imaging. In particular, diffuse lymphoma-
tous infiltration is difficult to detect. To put
splenic involvement by systemic lymphoma in
perspective, among 680 patients with malignant
lymphoma, US revealed abnormal splenic
texture in only 15% (25); among these, about
one third each were Hodgkin’s disease, low-
grade non-Hodgkin’s lymphoma, and high-
grade non-Hodgkin’s lymphoma.

The US appearance of lymphoma involving
the spleen varies considerably (25): diffuse
involvement in 37%, small nodular in 39%, large
nodular in 23%, and bulky in 2%. High-grade
non-Hodgkin’s lymphomas were either large
nodular or small nodular, while low-grade non-
Hodgkin’s lymphomas and Hodgkin’s disease
were either diffuse or had a small nodular
pattern.
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Contrast-enhanced MR reveals diffuse
splenic infiltration to have immediate heteroge-
neous enhancement, becoming isointense on
delayed views. Focal lymphoma is hypointense
on immediate postcontrast images.

Leukemia

Diffuse leukemic infiltration of the spleen
results in a homogeneously enhancing en-
larged spleen. Associated lymphadenopathy is
common.

Laparoscopic splenectomy is feasible in
patients with leukemia and Hodgkin’s 
lymphoma.

Plasmacytoma/Multiple Myeloma

The rare primary splenic plasmacytoma most
often presents with splenomegaly. Some of these
patients develop disease progression after
splenectomy but in an atypical fashion for 
multiple myelomas.

Metastases

An isolated metastasis to the spleen is not
common. Presumably most abnormal cells are
destroyed in the spleen. Colon, lung, ovarian,
and other cancers result in multiple metastases,
generally late in the course and most metastases

Figure 15.9. Solitary lymphoma. A: Transverse contrast-enhanced CT identifies a hypodense tumor with rim enhancement (arrow).
B: The tumor is hypoechoic on longitudinal US (arrows). (Source: Dachman AH, Buck JL, Krishnan J, Aguilera NS, Buetow PC. Primary
non-Hodgkin’s splenic lymphoma. Clin Radiol 1998;53:137–142, with permission from the Royal College of Radiologists.)

A B

Figure 15.10. Splenic lymphoma. A: Splenomegaly is present (white arrows). Mottled gas (arrowheads) outlines nodules (curved
arrows) in a necrotic cavity. B: The necrotic cavity is better identified on contrast-enhanced CT. A gas-fluid level is present in an irreg-
ular, nodular cavity. (Source: Dachman AH, Buck JL, Krishnan J, Aguilera NS, Buetow PC. Primary non-Hodgkin’s splenic lymphoma. Clin
Radiol 1998;53:137–142, with permission from the Royal College of Radiologists.)

A B
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are small. At times a necrotic metastasis 
mimics a cyst. Only an occasional melanoma is
encountered.

Calcifications develop in an occasional slow-
growing tumor. Most metastases are hypodense
on CT and are isointense on precontrast 
MR images; the exception is a melanoma,
which often has a heterogeneous appearance.
Metastases appear hypointense on immediate
postcontrast MR images, becoming isointense
on delayed images.

Diffuse splenic metastases can be missed by
CT. Thus a diffuse metastatic seminoma was not
detected by CT but was evident on FDG-PET
(26).

Other Neoplasms

The rare cystadenocarcinoma probably arises
from embryonic rests or mesothelium.

Splenic leiomyosarcomas are very rare.

Calcifications
Some of the conditions associated with splenic
calcifications (Fig. 15.11) are listed in Table 
15.2.

Hepatosplenic silicosis leads to calcifications
in both the liver and spleen, and occasionally

even eggshell-like calcified lymph nodes. Con-
ventional radiographs reveal numerous calcified
nodules, which are better identified by CT.
Biopsy reveals birefringent particles within the
nodules.

Vascular Disorders
Portal Hypertension
Idiopathic portal hypertension, or Banti’s
disease, consists of anemia, splenomegaly, and
portal hypertension. It is a distinct entity differ-
ing from liver cirrhosis-associated portal hyper-
tension in both its histopathology and portal
hemodynamics.

Splenomegaly is common in portal hyper-
tension. Regardless of etiology, the interrela-
tionship between portal hemodynamics and
splenomegaly is complex and poorly under-
stood. A rare cause of portal hypertension but
entailing a normal-size spleen is a splenic arte-
riovenous fistula; contrast-enhanced imaging or
Doppler US should be diagnostic of a fistula.

Duplex Doppler US appears useful in differ-
entiating between congestive splenomegaly as
seen in patients with liver cirrhosis and
splenomegaly due to various myelo- and lym-

Figure 15.11. Extensive splenic calcifications detected by CT
(arrow). Either tuberculosis or histoplasmosis can produce these
changes. (Courtesy of Algidas Basevicius, M.D., Kaunas Medical
University, Kaunas, Lithuania.)

Table 15.2. Conditions associated with splenic calcifications

Posttraumatic cyst

Infection/inflammation
Tuberculosis
Histoplasmosis
Brucellosis
Hydatid cyst
Healed abscess

Atherosclerosis

Hemangioma

Neoplasm

Infarcts

Sickle cell disease

Silicosis

Thorotrast
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phoproliferative disorders; the maximum portal
flow velocity in patients with proliferative dis-
ordersis normal, but is reduced in those with
congestive splenomegaly.

Leukopenia and thrombocytopenia develop
in patients with cirrhosis, portal hypertension,
and hypersplenism. In this clinical setting,
patients with a superimposed hepatocellular
carcinoma undergoing transcatheter hepatic
arterial embolization also underwent partial
splenic embolization and infarction (27); the
leukopenia and thrombocytopenia were cor-
rected in a majority of patients if more than
50% of their spleens were infarcted.

Infarction
Vascular emboli result in focal splenic infarc-
tion, at times multiple. Splenic artery thrombo-
sis is associated with total splenic infarction.
Rarely, a splenic infarct occurs in a setting of
congestive splenomegaly or pancreatitis, at
times together with splenic vein thrombosis and
possibly other infarctions. The risk of infarction
is increased in a setting of portal hypertension.
Rarer causes of splenic infarction include sys-
temic mast cell disease (28) and celiac disease
(29); the latter is also associated with splenic
venous thrombosis.

Occasionally intrasplenic gas bubbles are
detected after a major infarct; they develop even
without an infection.

An infarct is a common cause of a focal
splenic tumor. A typical infarct is wedge-shaped
and located adjacent to the splenic capsule. Less
often an infarct has a round or nodular outline.
Computed tomography reveals lack of contrast
enhancement. Occasionally a neoplasm has a
similar appearance. The rare total splenic
infarction shows only peripheral contrast
enhancement, presumably secondary to a cap-
sular artery supply. Nevertheless, the lack of
splenic contrast enhancement is not pathogno-
monic of a total infarction; a more common
cause is severe hypotension.

Initially after an infarct, US reveals a hypoe-
choic tumor. Later, scarring results in a gradual
hyperechoic appearance. Similar to CT, infarcts
are identified on delayed postcontrast MRI as
hypointense wedge-shaped regions adjacent to
the capsule.

Immunosuppression
Abnormal CT scans in HIV patients should not
be routinely ascribed to AIDS; a second disease,
consisting of either superimposed infection or a
neoplasm is most often responsible for abnor-
mal findings.

Hepatosplenic abscesses are not uncommon
in AIDS patients, often being secondary to
unusual organisms. Most are small and multi-
ple. An US “snowstorm” appearance is found
with some opportunistic liver and spleen infec-
tions, reflecting fibrosis or a fibrinous exudate.
Abdominal US with a 3.5-MHz transducer will
miss small abscesses in these patients; a 5-MHz
transducer should identify more abscesses.

Similar to other patients, splenic tuberculous
abscesses in immunocompetent patients are
hypodense on CT and hypoechoic on US.

Examination and Surgical
Complications
Splenectomy
Compared to an open splenectomy, in both
adults and children a laparoscopic splenectomy
requires a longer operative time but the patient’s
overall hospital stay is shorter. Most laparo-
scopic splenectomies are performed for a
normal-sized or moderately enlarged spleen,
although a laparoscopic approach is feasible in
a patient with marked splenomegaly. Some 
surgeons believe that if the spleen is enlarged,
preoperative splenic artery embolization makes
laparoscopic splenectomy easier (30).

Following splenectomy, residual splenic
tissue can be identified with In-111–labeled
autologous platelet SPECT.

An increased risk for postsplenectomy 
infection is well known. Splenectomy results 
in depressed phagocytosis and a decrease in
serum levels of immunoglobulin M (IgM). The
consequences of splenectomy are not trivial,
especially in children and in those undergoing
splenectomy as part of lymphoma therapy. This
risk tends to lessen after several years.

A subphrenic abscess is a recognized compli-
cation after splenectomy, developing either
shortly after surgery or, less commonly, on a



950

ADVANCED IMAGING OF THE ABDOMEN

delayed basis. Computed tomography should
detect a subphrenic abscess, but keep in mind
that an occasional abscess mimics an intact
spleen. Image-guided drainage is generally the
treatment of choice, with surgery reserved for
multiseptated abscesses or if percutaneous
drainage fails.

Thorotrast
Thorotrast deposits can be visualized in the
spleen with conventional radiography and CT.
The spleen tends to be atrophic.

A Thorotrast-induced angiosarcoma is rare
in the spleen, with most occurring in the liver.
The effect of prior Thorotrast use is discussed
further in Chapter 7.
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Technique
Computed Tomography
The current imaging modality of choice to eval-
uate the adrenal glands is computed tomogra-
phy (CT), although magnetic resonance (MR) is
making strong inroads. Both enlargement and a
focal tumor can be detected, assuming it is large
enough. Some adrenal abnormalities have a
nonspecific CT appearance, although different
enhancement patterns and fat content allow dif-
ferentiation between some benign and malig-
nant lesions.

It is not uncommon to detect adrenal 
enlargement as an incidental finding when CT
is performed for other indications. Once an
abnormality is detected, the following special-
ized techniques are useful for further evalua-
tion: 6b-iodomethyl-19-norcholesterol (NP-59)
scintigraphy, unenhanced CT densitometry,
opposed phase chemical shift magnetic 
resonance imaging (MRI), and percutaneous
biopsy.

Ultrasonography
Transabdominal US can almost always visualize
a normal right adrenal gland, but the left gland
is seen in only about two thirds of examinations;
endoscopic US, on the other hand, almost
always detects the left adrenal gland but

identifies the right gland in only a minority of
patients.

Magnetic Resonance
Compared to CT and US, MRI has better soft
tissue contrast depiction. A disadvantage is its
relative insensitivity for visualizing adrenal
calcifications. Normal adrenal glands have an
intensity similar to that of liver parenchyma on
T1-weighted images. They are not as well seen
on T2-weighted images, although fat suppres-
sion accentuates their signal intensity compared
to the adjacent fat, and this technique is com-
monly used.

Scintigraphy
Scintigraphy has a distinct role in evaluating
functional adrenal tissue. The radiopharmaceu-
tical iodine-131–NP-59 is taken up by normally
functioning adrenal cells and evaluates cortical
function. Increased adrenal uptake of NP-59
occurs in Cushing’s syndrome, aldosteronism,
and some adrenal tumors. This is a complex
procedure; uptake lasts several days and
imaging is thus delayed. The delay also
decreases background activity. Planar scintigra-
phy and single photon emission computed
tomography (SPECT) can be combined in an
attempt to increase study sensitivity. NP-59

16
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appears to be cost-effective for evaluating
adrenal incidentalomas.

Selenium-75–methylnorcholesterol scintigra-
phy is similar to NP-59. Cortical adenomas have
either normal or increased uptake, while malig-
nancies show decreased activity. Uptake of this
radiopharmaceutical shows a direct relation-
ship with the functional state of hyperfunction-
ing adenomas.

Iodine-131–metaiodobenzylguanidine
(MIBG) is a norepinephrine analogue, and a
normal adrenal does not accumulate large
amounts of this tracer. It shares some of the nor-
epinephrine pathways and is of use in detecting
pheochromocytomas, neuroblastomas, and car-
cinoids. In some hyperfunctioning endocrine
conditions both anatomic and functional infor-
mation are obtained. Thyroid uptake of iodine
131 is blocked with potassium iodide prior to
and after the use of this agent.

Indium-111-octreotide binds to somatostatin
receptors throughout the body. These receptors
are found in neuroendocrine and other struc-
tures, including tumors originating from these
structures. Increased somatostatin receptors
and thus increased octreotide concentrations
occur in carcinoids, pheochromocytomas, and
neuroblastomas.

Biopsy
Imaging provides guidance for needle biopsy of
adrenal tumors. Most biopsies utilize a poste-
rior approach, although anterior, transhepatic,
transpancreatic, and transsplenic approaches
have been used. A wider artificial window can
be obtained by injecting saline into the adjacent
paravertebral space and thus displacing the
pleura laterally (1); this allows a wider path and
potentially safer adrenal access by avoiding
puncture of pleura and diaphragm. A CT-
guided approach is often used, although an
open MR scanner and MR fluoroscopy using
steady-state free precession sequences, if avail-
able, provide considerable advantages (2); MR
fluoroscopy permits an oblique paravertebral
approach without pleural transgression. A sen-
sitivity of >90% can be obtained in detecting a
malignancy. Although most biopsies provide a
specific diagnosis, a malignancy obviously can
be missed; a biopsy of a benign lesion, such as
an adenoma, does not exclude the concomitant
presence of a carcinoma.

Complications encountered include pneu-
mothorax, perinephric hemorrhage, hepatic
hematoma, and needle-track metastases.
Adrenal hematomas can also be induced.

Congenital
Bilateral adrenal agenesis is incompatible with
life. In unilateral agenesis the contralateral
gland hypertrophies. The rare infant with con-
genital adrenal hypoplasia requires replacement
therapy for survival.

Accessory adrenal rests are usually of little
significance. An intratesticular location is not
uncommon. Most accessory glands contain only
cortical tissue, while a heterotopic gland con-
tains both cortex and medulla.

A horseshoe-shaped adrenal gland was
reported in an infant with asplenia (3).

Congenital Adrenal Hyperplasia
Congenital adrenal hyperplasia is an autoso-
mal-recessive condition leading to impaired
hormone synthesis. A number of such
adrenogenital syndromes have been described;
they are based on specific hormone synthesis
impairment, with 21-hydroxylase deficiency
being the most common. Some infants with 
congenital adrenal hyperplasia also do not 
synthesize aldosterone and have salt wasting, a
potentially fatal condition.

Clinically, girls and women develop viriliza-
tion and boys have precocious puberty, but keep
in mind that similar findings also occur with
virilizing tumors.

Imaging of congenital adrenal hyperplasia
reveals large adrenals that are cerebriform in
outline. Adrenal rest tissue in other locations
also enlarges. This condition should be sus-
pected in an infant with enlarged adrenal
glands, although not all infants with congenital
adrenal hyperplasia have gland enlargement.

Acquired adrenogenital syndrome is most
often due to an adenoma, and less often to an
adrenocortical carcinoma.

Wolman’s Disease
Wolman’s disease is an autosomal-recessive
condition caused by a deficiency of lysosomal



955

ADRENALS

acid lipase. It is characterized by abnormal
storage of cholesteryl esters and triglycerides.
Onset is after the first month of life and mani-
fests as hepatosplenomegaly, abdominal disten-
tion, and failure to thrive. It is usually fatal in
infancy.

Computed tomography in these infants shows
hepatosplenomegaly, with the liver being hypo-
dense, and bilateral adrenal calcifications. These
imaging findings, in the appropriate clinical
setting, should suggest the diagnosis.

Beckwith-Wiedemann Syndrome
Beckwith-Wiedemann syndrome is a congenital
overgrowth syndrome having a sporadic occur-
rence and variable expressivity. These children
develop cysts and various childhood solid
tumors, including adrenocortical carcinomas.
The kidneys are more often affected than the
adrenals. Bilateral multilocular cystic adrenal
tumors developed in a neonate with Beckwith-
Wiedemann syndrome (4); resection revealed
benign hemorrhagic macrocysts. Unilateral
cysts are more common.

Trauma
Trauma to the adrenal and surrounding struc-
tures most often leads to hemorrhage and a
hematoma. The right side is more often
involved, and trauma to the overlying ribs and
liver is common. Associated bleeding often is
not confined to the adrenal gland but also
involves adjacent extraperitoneal tissues. In
some patients a hematoma is asymptomatic and
is discovered only later, when trauma is already
forgotten.

An adrenal injury classification scale, devised
by the American Association for the Surgery 
of Trauma, is outlined in Table 16.1. Adrenal
hemorrhage/hematoma is discussed later in this
chapter.

Enlargement
Visualization of normal-appearing adrenal
glands essentially excludes a neoplasm. An
abnormal gland is identified as a focal bulge,
diffuse gland enlargement, or both. A focal
tumor can be either neoplastic or hyperplastic.
In general, a functioning primary tumor is asso-

ciated with either an atrophic or normal-size
contralateral gland. Most small hyperplastic 
and neoplastic nodules are isodense on CT 
and isointense on MR to normal adrenal
parenchyma on precontrast images and are
identified by their contour abnormalities.

Determining whether a tumor is in the
adrenal or is extraadrenal in location is usually
straightforward with imaging. The presence of
a normal adrenal gland adjacent to a tumor
establishes their relationship. Especially when
large, however, some extraadrenal tumors
invade and obliterate the adrenal gland; the
reverse is also true—an adrenal tumor can
involve adjacent tissues. With both scenarios it
may not be possible to establish the site of
tumor origin.

Hyperplasia
A distinction between a normal-sized gland and
an enlarged one is a borderline of gradation.
With diffuse enlargement the usual adrenal
shape is preserved, although on occasion some
degree of nodularity to the gland outline 
is observed. Bilaterally enlargement signifies
hyperplasia. It should be kept in mind, however,
that some patients with clinical evidence of
adrenal hyperfunction have normal-sized
glands.

Hyperplasia of the medulla is less common;
such hyperplasia appears to be a precursor to a
pheochromocytoma.

Hyperplastic adrenal gland MR signal inten-
sity is identical to a normal adrenal with all
imaging sequences.

Infection
Adrenal abscesses are uncommon in adults.
Some represent the sequelae of an infected

Table 16.1. Surgical adrenal injury scale

Grade* Type of injury

I Contusion
II Laceration involving cortex (<2 cm)
III Laceration extending into medulla (≥2 cm)
IV Parenchymal destruction >50%
V Total parenchymal destruction

Vascular avulsion

* Advanced one grade for multiple injuries, up to grade V.
Modified from Moore et al (5).
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hematoma. These abscesses can be diagnosed by
needle aspiration. At times an infected tumor is
in the differential diagnosis.

Adrenal hydatidosis is rare (6). Imaging
reveals a similar appearance to that seen in
other organs.

Involvement by histoplasmosis or tuberculo-
sis is usually bilateral but also asymmetrical.
The imaging findings vary depending on the
extent of involvement and the degree of necro-
sis. Initially, histoplasmosis results in bilateral
adrenal enlargement, but eventually the glands
become atrophic and develop punctate
calcifications. Tuberculosis, a cause of adrenal
insufficiency, has a similar adrenal enlarge-
ment followed by atrophy and calcification
appearance.

Other infections are rare. Anecdotal reports
describe adrenal coccidioidomycosis or North
American blastomycosis involving the adrenal
glands even in an immunocompetent patient;
the latter infection can also cause adrenal
insufficiency. Computed tomography in a
patient with adrenal paragonimiasis detected 
an enhancing right adrenal tumor, with US
revealing a dumbbell-like hyperechoic tumor
(7); a multicystic structure filled with creamy
material was found at surgery.

Initially with gland enlargement a neoplasm
is in the differential diagnosis.With an atrophic,
calcified gland, however, a neoplasm is less
likely.

Cysts
Aside from cystic neoplasms, adrenal cysts are
uncommon. Cystic neoplasms include a rare
carcinoma, pheochromocytoma, or a postinjec-
tion therapy adenoma. Nonneoplastic cysts can
be classified as parasitic, epithelial retention
cysts, endothelial cysts, and pseudocysts due to
prior hemorrhage, with a majority of cysts rep-
resenting the latter two entities. Imaging cannot
differentiate between these various nonneoplas-
tic cysts, with a few exceptions. Endothelium-
lined cysts consist of lymphatic and vascular
degenerative cysts. They tend to be multilocular
and are filled with clear or milky fluid.

Some adrenal hemorrhages evolve into a
pseudocyst, a poor term because there is nothing
“pseudo” about these cysts. They are not related
to pancreatic pseudocysts, which have a differ-
ent etiology. An adrenal pseudocyst is a cortical

cyst without a cellular wall, but it has a fibrous
capsule. Wall thickness tends to be several mil-
limeters; a thicker or irregular wall should raise
suspicion for a neoplasm. These cysts tend to be
unilocular and vary in size considerably. Ultra-
sonography reveals a cyst with internal echoes.
Magnetic resonance imaging shows a thick-
rimmed cyst. Similar to their US appearance,
these cysts’ signal intensity varies depending 
on cyst content. Curvilinear wall or septal
calcifications develop in some; an occasional
one contains central calcifications.

The CT density of adrenal cysts varies from
water to old blood. Some exhibit rim contrast
enhancement, but the cystic component should
not enhance. Fluid-fluid layering is occasionally
found. The relationship of polycystic renal
disease and adrenal cysts is not clear.

The differential diagnosis of a cystic adrenal
tumor is between one of the above-listed cysts
and a cystic or necrotic neoplasm. The presence
of soft tissue density nodules suggests a 
neoplasm. Contrast enhancement of any solid
component most often signifies a neoplasm (8).
If needed, an aspiration biopsy is obtained, but
keep in mind that cysts containing old blood are
difficult to drain. If a lesion appears indeed to
be a cyst, it can be observed.

One must ensure that a cystic structure is
indeed of adrenal origin. For instance, CT or
MRI of a gastric cardia diverticulum can minic
a left adrenal cyst.

Incidental Tumors
In some patients diffusely enlarged adrenal
glands are discovered incidentally; most often
this finding is of little significance. An inciden-
tally detected focal adrenal tumor (inciden-
taloma), on the other hand, probably war-
rants further study. About 10% to 15% of
patients with a focal tumor have autonomous
cortisol hypersecretion without obvious stig-
mata of Cushing’s syndrome. Among newly
detected single adrenal tumors about half are
adenomas, yet even an incidental tumor has
about a one-third chance of being a metastasis,
even with no known primary.

What is the eventual outcome of incidentally
discovered adrenal tumors (incidentalomas)? 
In patients with a unilateral incidental tumor,
17% had biochemical evidence of adrenal
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hyperfunction, consisting of hypercortisolism,
hyperaldosteronism, and medullary hyper-
function (9); in patients with bilateral incidental
tumors, abnormal adrenal function was
detected in 29%, consisting of hypercortisolism,
hyperaldosteronism, adrenal insufficiency,
and congenital adrenal hyperplasia. A not
uncommon incidental functioning adrenal
tumor is a pheochromocytoma. Some of these
tumors function subclinically and appropriate
endocrine testing is useful. Most initially 
discovered metastases are unilateral and do not
produce adrenal insufficiency; bilateral involve-
ment suggests adrenal hemorrhage, especially
in a setting of a coagulopathy, and possible 
lymphoma.

An incidental adrenal tumor discovered in a
workup for another condition, without a known
primary cancer, has only about a 1% rate of
being malignant; most of these malignancies
will be larger tumors. As a result, some investi-
gators suggest that smaller tumors, for instance
those <3 cm or so in diameter, can be followed
with imaging; an exception is with those
exhibiting subtle hormone production or in a
patient with hypertension or diabetes, and these
should be resected. On the other hand, risk of
malignancy is increased in a setting of a known
primary cancer in another organ, but here also
the prevalence of malignancy varies with tumor
size.

Both CT and MRI are helpful in defining
adrenal tumors (differentiation of benign and
malignant tumors is discussed in more detail in
the next section). A biopsy is helpful, especially
for larger tumors. Similar to other sites, a posi-
tive biopsy is diagnostic but a negative one
needs to be placed in the proper perspective.
One biopsy caution: a pheochromocytoma
should be excluded before a biopsy is per-
formed.Also, biopsy rather than cytology is nec-
essary; cytology often cannot differentiate a
benign from a malignant tumor.

2-[18F]-fluoro-deoxy-D-glucose positron
emission tomography (FDG-PET) appears to
have a role in distinguishing benign from 
malignant adrenal tumors. Benign tumors 
show no FDG uptake; on the other hand,
malignant adrenal tumors have increased 
FDG uptake, indicative of high glucose 
metabolism. Whole-body PET also identifies
primary extraadrenal tumor sites, thus 
providing staging.

Occasionally prenatal US identifies a
suprarenal tumor, at times even containing small
cysts; eventually these tumors tend to disappear
and thus a conservative approach with US follow-
up appears reasonable in otherwise healthy
neonates.Presumably some of these findings rep-
resent congenital adrenal hyperplasia.

Adenoma Versus Nonadenoma
A major problem in clinical practice is to dif-
ferentiate an adrenal adenoma from other
tumors, usually a metastasis. Although most
adenomas are small, smooth in outline, and
homogeneous, while metastases are larger, have
an irregular outline, and are heterogeneous,
sufficient overlap exists in these characteristics
that they are of limited use in any one patient.
With a nonfunctioning adenoma or carcinoma
the contralateral gland is not atrophic.

Two specific imaging characteristics are
useful in differentiating adrenal adenomas from
nonadenomas. Initially, emphasis was placed on
detecting an adenoma’s increased lipid content.
While still a useful concept, some overlap exists,
and this technique has been supplanted by
another almost unique adenoma property—a
more rapid contrast washout compared to non-
adenomas. Computed tomography and MR dif-
ferentiation of adenomas from nonadenomas
rely primarily on these findings.

Using a variety of techniques, including
chemical shift imaging and dynamic contrast
enhancement, MRI could differentiate between
benign and malignant adrenal tumors with a
89% sensitivity and 99% specificity (10). Sensi-
tivity and specificity can be increased by com-
bining results from several MR sequences, such
as dynamic contrast enhanced sequences and
chemical shift imaging.

Lipid Content

Most adrenocortical adenomas contain consid-
erable lipid (lipid rich), but the amount of fat is
still considerably less than in a myelolipoma.An
inverse linear relationship exists between the
percentage of lipid-rich cortical cells in adrenal
adenomas and their unenhanced CT attenua-
tion; a similar inverse linear relationship exists
with MR chemical shift changes. It should be
kept in mind, however, that about 20% of ade-
nomas contain little or no lipid (lipid poor).
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The reverse is also true—an occasional adrenal
cortical carcinoma and metastasis contains
sufficient fat to be detectable by CT and MRI,
but these tend to be large and irregular in
outline at initial presentation.

In general, unenhanced CT attenuation values
of a nonfunctioning adrenal tumor are more
useful in differentiating between an adenoma
and a nonadenoma than size or CT homogene-
ity. Due to their fat content, most adenomas 
have lower attenuation values than malignant
tumors, with the published sensitivities in
making this differential varying depending on
the assumed threshold HU; thus in 60 patients
with single adrenal nodules, a CT threshold of
19 HU on unenhanced and 41 HU on late post-
contrast scans achieved a sensitivity of 93% and
specificity of 100% in differentiating benign
from malignant tumors (11). As a rough guide,
adrenal tumors having a CT density of 0
Houndsfield units (HU) or less can be assumed
to be benign and those having a density >20 HU
can be assumed to be malignant. It is those with
intermediate densities that present a diagnostic
dilemma.

Magnetic resonance signal intensities of both
benign and malignant tumors vary, presumably
due to their inhomogeneous histologic appear-
ance. Nonfunctioning adenomas range from
hypo- to mostly isointense to liver parenchyma
on both T1- and T2-weighted sequences and
show mild-to-moderate postcontrast enhance-
ment. Most adenomas contain insufficient fat to
produce a major change on fat-suppressed MR
images, and a major decrease in intensity should
suggest a myelolipoma. Nevertheless, chemical
shift MRI is useful in differentiating lipid-rich
adenomas from nonadenomas, achieving sensi-
tivities and specificities similar to those of CT
enhancement washout techniques (see next
section). This technique is insensitive in char-
acterizing lipid-poor adenomas.

An internal standard is needed to meaning-
fully evaluate adrenal MR signal intensity.
Although liver signal intensity is readily meas-
ured, it varies considerably depending on liver
fat content. The adrenal-to-spleen ratio appears
more useful. Metastases have an adrenal-to-
spleen ratio >0.8, while most adenomas have a
lower ratio. An overlap exists, however, and 
the ratio is of limited value in establishing the
benign or malignant nature of an adrenal 

lesion. Some investigators prefer muscle as their
standard.

Most adenomas are isointense to muscle or
spleen on in-phase spoiled gradient echo (SGE)
images and appear hypointense on opposed-
phase images. With a chemical shift technique,
most adenomas have a loss of signal intensity
on opposed-phase images while most benign
nonadenomas, pheochromocytomas, and
metastases do not. Loss in signal intensity in
bone marrow in an adjacent vertebral body is
useful confirmation of this technique. With 
a tendency of adrenal adenomas to contain 
fat and the high sensitivity of opposed-phase
imaging for detecting fat, in a setting of a known
malignancy and an adrenal tumor, MRI can be
sufficient to differentiate these entities and save
these patients a biopsy.

Another option is to use a signal intensity (SI)
index, defined as:

(SI in-phase - SI opposed-phase)/SI in-phase

This index differentiates adenomas, metas-
tases and pheochromocytomas (12). One study
achieved 100% accuracy in distinguishing ade-
nomas from metastases if the SI index cutoff
value was 11.2–16.5% (13); this index was more
reliable in differentiating adenomas from
metastases than an adrenal-to-liver, spleen, or
muscle ratio for signal change on opposed-
phase MR imaging..

Which modality is more accurate in differen-
tiating benign from malignant tumors—unen-
hanced CT attenuation or chemical shift MRI?
For most tumors both yield similar results; most
adenomas measuring >10 H on unenhanced CT
can be characterized with chemical shift MRI
(14). Nevertheless, diagnostic uncertainty still
exists with a minority of these tumors.

Contrast Washout

Very useful in differentiating adrenal adenomas
from nonadenomas is washout of contrast
enhancement. Enhancement washout is equal to
initial enhanced attenuation minus delayed
enhanced attenuation. More rapid washout is a
characteristic finding in a majority of adenomas
(compared to nonadenomas). Mean CT attenu-
ation measured at specific time delays postcon-
trast (10 to 30 minutes), is lower for adenomas
than for nonadenomas. In one study, the per-
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centage loss of enhancement at 10 and 30
minutes was significantly greater for adenomas
than for nonadenomas; a 92% sensitivity and
95% specificity were achieved at 10 minutes and
a 97% sensitivity and 100% specificity at 30
minutes for differentiating adenomas and non-
adenomas (15); washout was more accurate for
such differentiation than unenhanced CT den-
sities. A typical assumption is that more than a
40% or 50% washout on a 10-minute postcon-
trast image implies an adenoma. The time delay
is not crucial; thus even with a postenhance-
ment delay of 60 minutes, considerable attenua-
tion differences exist between adenomas and
metastases. Various refinements, including per-
centage enhancement washout and relative
enhancement washout, reach sensitivities and
specificities approaching 100% in differentiat-
ing adenomas from nonadenomas (16). This 
is a highly specific test for adrenal tumor 
characterization.

Lipid-poor adenomas warrant special
mention. They cannot be differentiated from
nonadenomas by their precontrast attenuation
values; however, lipid-poor adenomas have
enhancement and washout characteristics
similar to those of more typical lipid-rich ade-
nomas (17).

Contrast-enhanced MRI of adrenal adeno-
mas revealed a homogeneous capillary blush on
immediate images in 71%, rapid washout on 45-
second images in 94%, and diminished signal
intensity on out-of-phase images in 86% (18); in
distinction, on immediate images no malignant
adrenal tumors had a homogeneous capillary
blush, 50% showed negligible enhancement,
33% revealed a patchy enhancement, 17% 
had peripheral enhancement, and an irregular
enhancement pattern was found in 92% on 45-
second images. Thus a majority of adrenal ade-
nomas can be distinguished from malignancies
by their characteristic initial homogeneous cap-
illary blush followed by a rapid washout.

Postcontrast MRI reveals peak enhancement
of most adrenal adenomas during the early
phase, followed by a relatively rapid washout;
most metastases exhibit a slower washout.
Exceptions include pheochromocytomas, which
show little washout and granulomas which
reveal minimal enhancement. Especially when
small, adenomas tend to have a homogeneous
capillary blush, while malignancies are hetero-

geneous. Overlap in enhancement patterns,
however, occurs with benign and malignant
lesions.

Primary Cortical 
Adenoma-Carcinoma
Clinical

About half of adrenal cortical neoplasms are
hyperfunctioning, and the other half are 
nonhyperfunctioning. The hyperfunctioning, or
hormone-producing tumors, are discussed later
in this chapter. Many nonfunctioning tumors
are discovered incidentally. Although nonfunc-
tioning adenomas occur at all ages, the preva-
lence increases with age. A relationship appears
to exist between an adenoma’s lipid content and
its functional status. Adenomas are more
common in diabetic and hypertensive patients.
Both adenomas and carcinomas are more
common in women and are detected at a
younger age in women.

Both adrenal adenomas and carcinomas are
more prevalent than usual in patients with
Gardner’s syndrome. Patients with Li-Fraumeni
syndrome have a predisposition to adrenocorti-
cal carcinomas; in this autosomal-dominant
syndrome adrenal tumors tend to develop in
children and young adults.

Cortical carcinomas are rare aggressive
tumors. Most have a poor prognosis even if
resected. Adrenal cortical carcinomas in chil-
dren tend to be very malignant and most are
functional.

An interesting phenomenon consists of
adrenal collision tumors. Thus a contiguous
adrenal adenoma and metastasis results in the
adenoma component displaying a signal loss on
opposed-phase MR images and the metastatic
component increasing in signal intensity.

At times neither a biopsy nor a resected spec-
imen allows adequate evaluation of an adreno-
cortical tumor if only histologic criteria are
employed; immunohistologic staining is often
helpful. Nevertheless, even then the true nature
of a tumor may not be apparent. For example,
CT and US discovered an incidental homoge-
neous adrenal tumor in a 43-year-old woman;
endocrine tests revealed preclinical Cushing’s
syndrome. An adrenalectomy was performed,
and histology revealed an adrenocortical 
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tumor of undetermined nature (19); 4 months
later the patient presented with a metastatic cor-
tisol and androgen-producing adrenocortical 
carcinoma.

Pain is more common with carcinomas. Pre-
cocious puberty develops in an occasional
patient. About half of these tumors have some
type of endocrine abnormality, but in general,
endocrine testing per se does not differentiate
between benign and malignant tumors.

The role of percutaneous ablation for adrenal
tumors is mostly anecdotal.

Imaging

Regions of hemorrhage and necrosis are
common in carcinomas and result in a hetero-
geneous appearance. Necrosis is not specific for
a carcinoma and is also seen in adrenal heman-
giomas and other larger tumors. Some adeno-
mas and carcinomas develop calcification.
Calcifications are more common in larger,
heterogeneous-appearing tumors containing
central necrosis or hemorrhage; the imaging
appearance of these larger tumors does not
permit ready differentiation between adenomas
and carcinomas.

Especially with the larger adrenal carcino-
mas, the vena cava should be studied for 
possible invasion. A right adrenal gland adreno-
cortical carcinoma can grow as an intracaval
tumor thrombus, at times even extending into
the atrium. Or, a neoplasm invading the inferior

vena cava results in an acute Budd-Chiari syn-
drome. Imaging, including magnetic resonance
angiography (MRA), is useful in evaluating
malignant tumor extension into the adrenal
veins and inferior vena cava.

A carcinoma tends to have patchy CT contrast
enhancement, a somewhat nonspecific finding.

Nonfunctioning adenomas are hypointense
to liver on T1- and vary in intensity on T2-
weighted MR images (Fig. 16.1). Magnetic reso-
nance is useful in distinguishing a cyst from an
adenoma; on T2-weighted images fluid in a cyst
is hyperintense.

Metastases
An adrenal metastasis without a known
primary tumor is sufficiently rare that it is gen-
erally not considered in the differential diagno-
sis of an incidental adrenal tumor. On the other
hand, adrenal gland metastases are common in
a setting of a known cancer in another organ.
Given the known prevalence of adrenal adeno-
mas, in a setting of a known primary malig-
nancy the chance that an enlarged adrenal gland
represents an incidental adenoma is roughly
50%.

Lung and breast carcinoma and melanoma
are common metastases. Less common metas-
tases to the adrenal glands include thyroid car-
cinoma and hepatocellular carcinoma.

Patients with a renal cell carcinoma are at
approximately a 2% to 3% risk of ipsilateral

Figure 16.1. Adrenal carcinoma. Precontrast (A) and contrast-enhanced (B) magnetic resonance (MR) images reveal a large, het-
erogeneous right adrenal tumor (arrows). (Source: Burgener FA, Meyers SP, Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic
Resonance Imaging. Stuttgart: Thieme, 2002, with permission.)

A B



961

ADRENALS

adrenal metastasis or direct invasion, although
these risks increase with larger tumors. Occa-
sionally renal cell carcinoma metastases develop
to the contralateral or even both adrenals. After
a right radical nephrectomy in a 74-year-old
patient CT identified a hypervascular tumor on
the left, initially believed to be a splenic artery
aneurysm, but arteriography suggested a hyper-
vascular adrenal tumor and adrenalectomy
confirmed a metastasis (20).

Small metastases blend into a normal-
appearing adrenal gland; with growth, a slight
bulge in gland outline may be the only finding.
The larger metastases are readily visualized by
CT and MRI. Some eventually invade surround-
ing structures. Small metastases tend to be
homogeneous; central necrosis develops with
growth, and the imaging findings vary accord-
ingly. Necrosis, however, is seen in both metas-
tases and some primary adrenal neoplasms.
Calcifications in a metastasis are rare.

Magnetic resonance signal intensity of
metastases varies considerably and is, per se, not
a useful guide. Most metastases exhibit hetero-
geneous contrast enhancement, and the homo-
geneous capillary blush seen with adenomas is
uncommon. Their lack of lipid results in no
appreciable signal loss on opposed phase MR
images, thus distinguishing most metastases
from adenomas. A possible exception is with
some renal clear cell carcinomas, which contain
intracytoplasmic lipid, and such an adrenal
metastasis can potentially be confused with an
adenoma.

Iodine-131–NP-59 scintigraphy reveals lack
of tracer accumulation in most metastases. A
word of caution is also necessary here: some
adrenal metastases from renal cell carcinomas
accumulate NP-59 (21). Some thyroid carci-
noma metastases to the adrenal gland show I
131 uptake.

If needed, a percutaneous biopsy provides
confirmation.As in other sites, a negative biopsy
is less significant than a positive biopsy.

Whether an adrenal-sparing nephrectomy is
a viable option in a setting of a renal cell carci-
noma and a normal-appearing adrenal gland by
imaging is controversial; preoperative CT does
not detect adrenal invasion in some of these
patients, because of metastases below the reso-
lution of CT or other reasons.

Percutaneous ethanol injection has been per-
formed on adrenal metastases from hepatocel-

lular carcinoma (22); preliminary results are
encouraging. CT-guided radiofrequency abla-
tion appears to be effective local control of
adrenal metastases (23).

Cortical Hormone-Producing Tumors
Hyperfunctional cortical adrenal conditions
include Cushing’s syndrome and aldosteronism.
A single predominant hormone activity is
evident in the majority of patients with
hormone-producing gland hyperplasia or neo-
plasm. Occasionally encountered are unusual
combinations, such as coexisting pheochro-
mocytoma and primary adrenal Cushing’s 
syndrome.

Imaging is not a substitute for an appropriate
clinical endocrinological investigation in a
patient suspected of having a hyperfunctional
adrenal condition.

Cushing’s Syndrome

Cushing’s syndrome, or hypercortisolism,
results from excessive cortisol secretion by 
the adrenal cortex. Affected individuals have
increased urinary free cortisol excretion and an
elevated serum cortisol level, with loss of a cir-
cadian rhythm. Screening includes an overnight
dexamethasone suppression test. It should be
emphasized that not all patients appear clini-
cally cushingoid.

Secondary Hyperplasia

Most often Cushing’s syndrome is due to
adrenal hyperplasia secondary to excessive
adrenocorticotropic hormone (ACTH) secre-
tion. The most common cause of excessive
ACTH secretion is a pituitary tumor (Cushing’s
disease), although an occasional pancreatic 
neuroendocrine tumor, pheochromocytoma,
bronchial carcinoid, gastrinoma, functioning
ovarian tumor, or a tumor at some other site 
is responsible for ectopic ACTH production.
A pituitary adenoma and an adrenocortical
adenoma can coexist, resulting in a complex
clinical presentation.

Computed tomography shows that only about
70% of patients with ACTH-dependent
Cushing’s syndrome have enlarged adrenal
glands (24); the adrenals are larger in patients
with ectopic ACTH syndrome than in those with
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Cushing’s disease. These glands are most often
smooth in outline, with only a minority con-
taining nodules. The less common nodular
appearance mimics an adrenal adenoma, espe-
cially if hyperplasia is unilateral.

Primary Adrenal Causes

Primary adrenal causes of Cushing’s syndrome,
or ACTH-independent causes, are less common
and include adenoma, carcinoma, and primary
adrenal hyperplasia. A rare variant encountered
in pediatrics and young adults is primary pig-
mented nodular adrenocortical disease, which is
due to hypersecretion of cortisol by multiple
intraadrenal pigmented or “black” cortical 
adenomas.

About two-thirds of patients with primary
Cushing’s syndrome have adenomas and one-
third carcinomas. Rarely, adenomas develop
bilaterally. Even an adrenocortical carcinoma in
one gland and a contralateral adenoma have
been described (25); CT simply showed bilateral
adrenal tumors.

Primary adrenal hyperplasia is uncommon. It
tends to be bilateral, with the adrenal glands
having a somewhat nodular appearance. One
patient developed unilateral nodular hyperpla-
sia and an atrophic contralateral gland (26).

The 5-year survival rate for those with these
carcinomas is about 30%.

Imaging

In a patient with hypercortisolism, a CT or MR
finding of an enlarged unilateral adrenal gland
is suggestive of an adenoma. A symptomatic
adenoma generally is round or oval and several
centimeters in diameter. Calcifications are
uncommon. An adenoma is homogeneous and
of soft-tissue–to-water density. Some of the less
dense adenomas mimic a cyst, but their func-
tioning status cannot be predicted from their
attenuation values. The contralateral gland
tends to be atrophic secondary to ACTH sup-
pression by the hyperfunctioning adenoma.
They exhibit little contrast enhancement.

Functioning adenomas have a similar MR
appearance to that of nonfunctioning adenomas
(discussed previously), although some func-
tioning adenomas contain little lipid and thus

do not lose signal intensity on opposed-phase
chemical shift images (an exception is with
aldosterone-producing tissue, discussed below;
see Aldosteronism).

Computed tomography in 11 patients with
primary adrenal Cushing’s syndrome and later
proven primary adrenal hyperplasia revealed
massively enlarged, multinodular adrenal
glands (27); these glands were hypointense to
liver on T1- and hyperintense on T2-weighted
MR images.

Magnetic resonance imaging is at least equal
to CT and superior to US in detecting hyper-
functioning adrenocortical tumors in patients
with Cushing’s syndrome; these tumors are
hyperintense relative to liver on T2-weighted
sequences, thus differing from most nonfunc-
tioning adrenal adenomas, which tend to be
hypo- to isointense.

Selenium-75-methylnorcholesterol and I-
131–NP-59 scintigraphy detect endocrine 
functioning adrenal tumors. A rough relation-
ship exists between radiotracer uptake and the
degree of functional autonomy and I-131–
NP-59 scintigraphy is both a functional and a
localization test in Cushing’s syndrome. It is 
an adjunct to CT and MRI. This test has 
almost 100% specificity and sensitivity in
detecting these tumors. Cortical adenomas 
have increased-to-normal uptake and malig-
nant tumors a decreased-to-absent radiotracer
uptake. Symmetric visualization or mild asym-
metry of the adrenals in a setting of hyper-
cortisolism almost always represents adrenal
hyperplasia. More marked asymmetry suggests
an adenoma. Unilateral adrenal gland visualiza-
tion is typical for an adenoma; the adenoma-
produced cortisol decreases pituitary ACTH
production, which in turn shuts off function in
a normally functioning contralateral adrenal
gland. Cysts likewise have no uptake. Prior
surgery also results in asymmetric uptake.
Scintigraphy allows the localization of any
residual postoperative adrenal tissue.

Aldosteronism

Clinical

Primary aldosteronism (Conn’s syndrome) is
secondary to either an aldosterone-secreting
neoplasm or adrenal hyperplasia. Over half of
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primary aldosteronism is due to a functioning
adrenocorticoid adenoma (aldosteronoma).
Hyperplasia, usually bilateral, accounts for most
of the rest, with a carcinoma being rare. Bilat-
eral adenomas have been reported. Some
patients with Conn’s syndrome have grossly
normal-appearing glands. A pheochromocy-
toma and primary hyperaldosteronism have
occurred simultaneously; whether this is a 
coincidence or an unknown interreaction is
conjecture.

The mineralocorticoid aldosterone is
involved in blood volume and serum potassium
homeostasis, which in turn regulate aldosterone
secretion by the zona glomerulosa in the
adrenal cortex. Excessive secretion leads to
hypertension, hypokalemia, and suppression of
plasma renin activity, a condition also known as
mineralocorticoid hypertension (28). This is not
a simple condition; although in most patients
the two stimuli for aldosterone production
(potassium and angiotensin II) tend to be low,
some patients have normal serum potas-
sium levels. Familial hyperaldosteronism is
described. A curious sideshow is pseudohyper-
mineralocorticism, caused by an excess of min-
eralotropics other than aldosterone.

Although mineralocorticoid hypertension is
not common, its significance lies in its being a
potentially correctable cause of high blood pres-
sure. One should keep in mind that aldostero-
nism also develops in primary renovascular
hypertension but the latter entity is associated
with high serum renin levels while in primary
aldosteronism the renin levels are low.

Hypoaldosteronism is rare. It appears to be
due to inadequate stimulation of aldosterone
secretion or a defect in the adrenal synthesis of
aldosterone. An unusual cause of secondary
hypoaldosteronism (called pseudohypoaldos-
teronism by some) is seen in some infants with
urinary tract infection, with or without urinary
tract obstruction. Clinically, hypoaldosteronism
results in hypotension and hyperkalemia.
Imaging has no role in its diagnosis.

Imaging

A distinction between unilateral aldosterono-
mas, which are treated surgically, and bilateral
hyperplasia, treated medically, is of obvious

importance. The adrenal glands are significantly
larger in patients with bilateral adrenal hyper-
plasia than in those with an aldosteronoma. One
study achieved 100% sensitivity when a CT
mean limb width of >3 mm was used to diag-
nose bilateral adrenal hyperplasia, and 100%
specificity when limb width was 5 mm or greater
(29). Unless imaging identifies a tumor, such 
differentiation is generally sought by bilateral
adrenal venous sampling.

Aldosteronomas tend to be small; discrete
nodules are difficult to visualize. Thus among 18
aldosterone-producing adrenal adenomas, 89%
were detected with CT but only 28% with US
(30). Adrenal hyperplasia in Conn’s syndrome
ranges from diffuse and bilateral to nodular
(Fig. 16.2). Thus one or more nodule may rep-
resent either an adenoma or nodular hyperpla-
sia. Complicating this picture is the presence of
the occasional unrelated incidental adrenal
tumor.

Similar to Cushing adenomas, aldosterono-
mas contain varying amounts of lipid. As a
result, some have CT attenuation values close 
to that of water and their CT appearance can
mimic a cyst.

Calcifications develop only in an occasional
benign aldosteronoma.

Figure 16.2. Conn’s syndrome. Computed tomography (CT)
reveals bilateral adrenal hyperplasia. (Courtesy of Algidas 
Basevicius, M.D., Kaunas Medical University, Kaunas, Lithuania.)
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In 20 patients with primary hyperaldostero-
nism, 50% had aldosterone-producing adeno-
mas and 50% bilateral adrenal hyperplasia (31);
MRI detected adenomas with a sensitivity of
70% and specificity of 100%, with adenomas
being iso- to hypointense relative to liver on 
T1- and slightly hyperintense on T2-weighted
images. Of interest is that signal intensity
decreased on out-of-phase chemical shift
images in 86% of adenomas and 89% of adrenal
hyperplasia, indicating the presence of lipid.

Iodine-131–NP-59 scintigraphy appears to be
complementary to CT and MR in differentiating
between adenomas and adrenal hyperplasia,
being especially useful with a unilateral hyper-
plastic nodule. Scintigraphy visualizes these
tumors as hot nodules, with an occasional warm
nodule.

Bilateral adrenal venous sampling distin-
guishes most but not all adenomas from hyper-
plasia. Blood samples are obtained after
stimulation with ACTH. With bilateral hyper-
plasia, after stimulation aldosterone levels
increase in blood samples from both adrenals;
on the other hand, a more marked unilateral
increase is detected with an aldosteronoma.

Therapy

Patients with bilateral glomerulosa hyperplasia
and those amenable to glucocorticoid therapy
are treated medically. Adenomas are resected,
but keep in mind that hypertension persists in
30% to 50% of patients after resection even if
they are biochemically cured. Such persistent
postoperative hypertension suggests coexisting
essential hypertension.

Several patients with Conn syndrome and
Cushing’s syndrome have been treated by CT-
guided acetic acid injected into their adrenal
nodules (32); follow-up revealed cystic degener-
ation. A few aldosteronomas have also been
treated by transcatheter arterial embolization
with absolute ethanol.

Medullary Tumors
With some adrenal medullary tumors even a
combination of histology, immunochemistry,
and cytophotometric techniques achieves only a
differentiation between benign and malignant
states, and even then at times with difficulty.

Pheochromocytoma (Paraganglioma)

Clinical

A pheochromocytoma is a paraganglioma
located in the adrenal medulla. An inconsis-
tent terminology is in use when describing 
corresponding extraadrenal neoplasms; some
authors refer to them as extraadrenal pheochro-
mocytomas if they are functioning and para-
gangliomas if nonfunctioning, while others call
all extraadrenal tumors paragangliomas and
simply specify the site and functioning status.

A paraganglioma originates from chromaffin
neural crest tissue that has migrated to form 
the paraganglionic system. Most are located
between the diaphragm and the inferior renal
pole, with the most common extraadrenal site
being in the organ of Zuckerkandl near the infe-
rior mesenteric artery origin. An occasional one
involves the inferior vena cava, urinary bladder,
or even the broad ligament. About 10% occur in
children, where a familial prevalence is evident
and is more likely to be extraadrenal and mul-
ticentric. A number of pheochromocytomas
have been detected during pregnancy and 
postpartum.

A pheochromocytoma produces an excess 
of catecholamines, and most of these patients
have elevated catecholamine levels. An occa-
sional one is part of a complex tumor; thus it
can contain mesenchymal elements. Or, a 
cortical carcinoma or adenoma exhibits neu-
roendocrine differentiation. About 10% of
pheochromocytomas are malignant. In general,
extraadrenal paragangliomas are more malig-
nant and metastasize more readily than their
adrenal counterparts. The malignant potential
of some is difficult to establish even by histol-
ogy, the one definite finding of malignancy
being the presence of metastases at sites nor-
mally devoid of chromaffin cells.

Although many patients with a pheochromo-
cytoma are hypertensive, overall this condition
is a rare cause of hypertension. Pheochromocy-
toma-induced hypertension tends to be parox-
ysmal, but differentiation from other causes of
hypertension is difficult. A rare paraganglioma
(pheochromocytoma) undergoes spontaneous
rupture and extraperitoneal hemorrhage, at
times resulting in an acute abdomen (Fig. 16.3).

The prevalence of pheochromocytomas is
increased in several disorders—neurofibro-
matosis, von Hippel-Lindau disease, Sturge-
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Weber syndrome, tuberous sclerosis, and multi-
ple endocrine neoplasia (MEN) syndrome.
Anatomically, some pheochromocytoma-
containing glands are normal in size. Bilateral
tumors are more prevalent in both MEN II
patients and those with von Hippel-Lindau
disease; some of these patients also develop
extraadrenal pheochromocytomas. Thus detec-
tion of bilateral or familial pheochromocy-
tomas warrants a search for other unsuspected
tumors. Of note is that a large minority of these
patients with a pheochromocytoma are asymp-
tomatic and have normal blood pressure and
normal catecholamine testing. Nevertheless, in
patients with von Hippel-Lindau disease and
MEN II syndrome, the measurement of plasma
normetanephrine and metanephrine achieves a
sensitivity and specificity of over 95% in detect-
ing pheochromocytomas (33).

Intravenous ionic contrast may precipitate a
hypertensive crisis in a patient with a pheochro-
mocytoma. Premedication with an a-adrener-
gic blocking agent appears prudent prior to
intravenous (IV) contrast agent administration
to prevent an adrenergic crisis, although the 
need for such blockage is not well established
for nonionic contrast agents.

Imaging

A review of 282 patients who underwent
pheochromocytoma resection in France
between 1980 and 1991, found unilateral tumors

in 67%, bilateral ones in 19%, and extraadrenal
in 14% (34); the sensitivities of imaging in
detecting these tumors were 89% for CT, 98% for
MRI, and 81% for I-131-MIBG scintigraphy.

If imaging reveals no adrenal tumor in a
patient suspected of a pheochromocytoma,
imaging of other extraadrenal sites, including
bladder, is necessary. Scintigraphy with I-131-
MIBG is useful to detect extraadrenal and bilat-
eral tumors.

Most pheochromocytomas are readily
imaged by CT, US, and MRI (Fig. 16.4), yet the
clinical and imaging findings are not always
straightforward, even in a setting of elevated
catecholamines. Intrinsically solid tumors,
necrosis, and hemorrhage result in a cystic
appearance and, as a result, they have a variable
imaging appearances. It is with cystic tumors
that the differential diagnosis between cystic
pheochromocytomas, necrotic carcinomas,
and metastases becomes problematic. An aid to
diagnosis is that aside from necrotic regions,
these are very hypervascular tumors and 
postcontrast CT shows marked contrast
enhancement.

Another source for confusion is that a minor-
ity of adrenal pheochromocytomas contain
sufficient microscopic fat to result in a CT atten-
uation of <10 HU and thus mimic an adenoma
(35); after contrast enhancement some of these
hypodense tumors also reveal >60% con-
trast washout on 10-min images, similar to 
adenomas.

Figure 16.3. Spontaneous rupture of paraganglioma. A: Contrast-enhanced CT shows a retroperitoneal tumor with peripheral
enhancement (arrows). B: A more caudad scan identifies left para-aortic fluid and infiltrate, mimicking a ruptured aortic aneurysm.
(Source: Rha SE, Byun JY, Jung SE, Chun HJ, Lee HG, Lee JM. Neurogenic tumors in the abdomen: tumor types and imaging charac-
teristics. Radiographics 2003;23:29–43, with permission from the Radiological Society of North America.)
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Some contain linear or laminated calcifi-
cations (Fig. 16.5). Aside from several anecdotal
reports, pheochromocytomas do not contain
sufficient lipid to influence their imaging
appearance.

Nonnecrotic pheochromocytomas tend to 
be hypointense-to-isointense to liver on T1- 
and hyperintense on T2-weighted images. Their 
lack of fat reflects their hyperintense T2-
weighted fat-suppressed appearance. They tend
to exhibit progressive enhancement postcon-
trast MR. Nevertheless, a sufficient number 
of pheochromocytomas have an atypical low
signal intensity on T2-weighted images and 
not all hyperintense adrenal tumors represent
pheochromocytomas, so that reliance on a
hyperintense T2-weighted appearance results in
a low sensitivity in diagnosing a pheochromo-
cytoma (Fig. 16.6).

Scintigraphy with I-123-MIBG achieves an
80% to 90% detection rate for these tumors;
MIBG SPECT sensitivity approaches 100%.
This tracer accumulates in adrenergic tissue
throughout the body, including metastases.
Optimal scan timing is variable, with scans
often obtained 24 to 48 hours postinjection. An
occasional metastasis is detected only on earlier
scans. Indium-111 pentetreotide scintigraphy
appears to have similar detection ability as 
I-123-MIBG, but it has not been studied as
extensively.

2-[18F]-fluoro-deoxy-D-glucose PET de-
tected tumors in 76% of patients with
pheochromocytomas, with most benign, malig-
nant, and metastatic foci avidly concentrating
FDG (36); in fact, several pheochromocytomas
not accumulating MIBG showed intense FDG
uptake, although MIBG images tended to be as
good or better for tumors concentrating both
agents. A majority of pheochromocytomas also
reveal uptake during (11C)-hydroxyephedrine-
PET scanning (37).

Therapy

The treatment of choice for most pheochro-
mocytomas is surgical resection, although an
occasional one is treated by catecholamine
pharmacotherapy. Resection consists of either
adrenalectomy or adrenal-sparing surgery, with
a laparoscopic approach commonly employed.
A pheochromocytoma has been treated with
percutaneous radiofrequency ablation (23).

Neuroblastoma/Ganglioneuroma

Clinical

The most common abdominal neoplasm of
early childhood, a neuroblastoma originates
from neuroblasts in sympathetic ganglia. The
adrenal glands are the most common site, with

Figure 16.4. A: Left adrenal pheochromocytoma. Computed tomography reveals a large, homogeneous, poorly enhancing tumor
(arrows) displacing the left kidney. B: Right adrenal pheochromocytoma. Computed tomography identifies a large, homogeneous,
poorly enhancing tumor (arrows). (Courtesy of Algidas Basevicius, M.D., Kaunas Medical University, Kaunas, Lithuania.)
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age at onset. These tumors are prone to metas-
tasize, and metastasis at initial presentation is
not uncommon. Bilateral adrenal involvement,
from either a synchronous origin or metastasis,
is found occasionally. Spread is both hematoge-
nous and lymphatic.

A neuroblastoma, ganglioneuroblastoma, and
well-differentiated ganglioneuroma differ from
each other in degree of differentiation. In fact,
in any one tumor histology often reveals a
mixture of tumor cells. Some neuroblastomas
undergo spontaneous transformation into 
a ganglioneuroma, with a benign neoplasm
having a solid, homogeneous appearance.

The most common presentation is a palpable
hard, fixed abdominal tumor, although a
number of these tumors are detected inciden-
tally. Some of these children develop periorbital
ecchymoses.

The patient survival rate decreases with age,
with the highest survival being in infants less
than 1 year of age. Survival also appears to
depend on tumor DNA ploidy status. Thus 
children with diploid tumors do poorly, while

Figure 16.5. Left adrenal pheochromocytoma with liver metas-
tasis. A: Precontrast CT reveals a rim-calcified tumor in the pan-
creatic tail (arrow). B,C: Two contrast-enhanced CT images show
lack of tumor enhancement.A mottled appearance in the liver was
due to extensive metastases. (Courtesy of Algidas Basevicius, M.D.,
Kaunas Medical University, Kaunas, Lithuania.)
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Figure 16.6. Bleeding pheochromocytoma (arrows) identified
on T1-weighted coronal image. Hypointensity surrounding 
the right kidney represents a perinephric and paranephric
hematoma. (Source: Burgener FA, Meyers SP, Tan RK, Zaunbauer
W. Differential Diagnosis in Magnetic Resonance Imaging.
Stuttgart: Thieme, 2002, with permission.)

other neuroblastomas originating anywhere
along the sympathetic chain, with a paraaortic
location being the next most common site. The
prevalence of extraadrenal origin increases with
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those with aneuploid tumors have a much better
survival.

Percutaneous biopsy using 15- or 16-gauge
core biopsy needles provides an alternate
approach to open biopsy in children with
advanced neuroblastoma. Percutaneous biopsy
provides both a histologic diagnosis and
enough sample for prognosis.

Imaging

Depending on the site of origin, imaging reveals
a suprarenal or paraspinal tumor. Neuroblas-
tomas are poorly encapsulated and compress 
or invade adjacent structures; aortic or inferior
vena caval encasement is often found with
larger tumors. In adults, ganglioneuromas tend
to surround major blood vessels but do not
narrow the lumen. Tumor hemorrhage and
necrosis result in a heterogeneous imaging
appearance. An occasional neuroblastoma con-
tains a cystic component. Coarse, mottled
calcifications are common. They have less CT
contrast enhancement than muscle and, similar
to neuroblastomas, a heterogeneous, predomi-
nantly hyperintense signal is evident on T2-
weighted MR images. Computed tomography
and MRI are preferred over US because of their
ability to better image metastases. Bone scans
and chest radiographs are obtained preop-
eratively to detect metastases and establish a
baseline.

Gray-scale 2D and 3D US using tissue har-
monic imaging identified an adrenal gan-
glioneuroblastoma in a pregnant woman as an
inhomogeneous, encapsulated, solid tumor (38);
color and power Doppler showed extensive 
neovascularity.

Iodine-123-MIBG scintigraphy detects most
neuroblastomas but some bone metastases
show little or no MIBG uptake (39). SPECT
imaging detects more tumors and better defines
their location. Both 24-hour and delayed 48-
hour scanning appear useful; washout can result
in some lesions being missed on delayed 
scans. Occasionally technetium-99m (Tc-99m)–
hydroxymethylene diphosphonate (HMDP)
bone scintigraphy is positive in an adrenal 
neuroblastoma.

Although MIBG scintigraphy appears supe-
rior to FDG-PET, the latter does detect most

primary neuroblastoma foci and metastases.
Also, occasionally FDG-PET is positive when a
neuroblastoma fails to accumulate MIBG. PET
scanning using carbon-11-hydroxyephedrine
(HED) will also locate neuroblastomas.

Combined MIBG scintigraphy and MR
imaging achieves a better diagnosis of neurob-
lastoma foci in children than either study indi-
vidually. A retrospective study found MIBG
scintigraphy, MRI and combined MIBG-MRI
sensitivities of 69%, 86% and 99% and
specificities of 85%, 77% and 95%, respectively
(39).

In a newly discovered tumor the differential
often includes a Wilms’ tumor. Imaging shows
most neuroblastomas to be more inhomoge-
neous than a Wilms’ tumor. the latter is
intrarenal in location, while an adrenal neurob-
lastoma displaces the kidney inferolaterally.
Some paraspinal neuroblastomas extend into
the spinal canal, a finding not seen with Wilms’
tumors. At times an adrenal hemorrhage
(hematoma) mimics a neuroblastoma. After the
initial presentation, US should distinguish an
anechoic and avascular hemorrhage from the
hyperechoic and vascular neuroblastoma.

Lymphoma
Primary adrenal lymphoma is rare (40). More
common is lymphomatous adrenal involvement
from adjacent extraperitoneal lymph nodes,
either unilateral or bilateral. Clinically silent
adrenal involvement is relatively common 
with the latter, but adrenocortical insuffi-
ciency is a late finding with bilateral adrenal
involvement.

Imaging findings range from solid nodules to
diffuse homogeneous tumors. Adjacent lym-
phadenopathy is common. Often the adrenal
glands are simply replaced by lymphomatous
tissue and appear enlarged while maintaining
their usual shape. With growth, lymphomas
tend to become heterogeneous in appearance.
They are hypoechoic with US. Magnetic 
resonance imaging reveals a signal intensity
similar to that of metastases. Increasing
enhancement on delayed postcontrast images is
typical.

Necrosis and calcifications develop after
therapy.



969

ADRENALS

Less Common Tumors
Rarer adrenal tumors include a bronchogenic
cyst, pure lipoma, teratoma, vascular leiomy-
omas, schwannoma, and even a sarcoma.
Occasionally a patient with von Reckling-
hausen’s disease develops bilateral adrenal
neurofibromas, although in this disease adrenal
pheochromocytomas are more common.
Ectopic tissue is occasionally detected in the
adrenal glands (i.e., a choristoma), the most
common one being ectopic thyroid tissue (41).
Except for the latter, no imaging findings
suggest a specific diagnosis.

Hemangioma

Adrenal hemangiomas are rare. Some contain
calcifications and often are large. The more
typical ones have imaging characteristics
similar to those of liver hemangiomas. An occa-
sional adrenal hemangioma contains a central
stellate hypointense region on MRI. Hemor-
rhage and necrosis are relatively common, and
these influence their imaging appearance. The
gradual tumor enhancement from the periph-
ery inward is not seen as often as with liver
hemangiomas. An occasional one presents with
extraperitoneal hemorrhage.

An adrenal hemangioma-like appearance in
an infant should suggest a hemangioendothe-
lioma. Their imaging appearance is similar to
those in the liver.

Myelolipoma

Adrenal cortical myelolipomas are rare, benign,
nonfunctioning tumors composed of fat and
bone marrow tissue. They occur bilaterally.
Most myelolipomas are small and are discov-
ered incidentally in asymptomatic patients.
Anecdotal reports describe extraadrenal perire-
nal myelolipomas (42). An occasional patient
presents with acute pain secondary to intratu-
moral or extraperitoneal bleeding.

In a minority of patients a myelolipoma 
is associated with some type of endocrine
abnormality, such as Cushing’s syndrome,
a pheochromocytoma or hyperthyroidism.
Adrenal myelolipomatous tissue reported from
the Armed Forces Institute of Pathology con-

sisted either of an isolated adrenal myelolipoma
(identified by fat evident at CT) or myelolipo-
matous tissue within other adrenal tumors
(consisting of smaller foci containing less fat 
but more calcifications) (43); larger myeloli-
pomas contained hemorrhage and necrosis.
About 20% of these tumors contain small foci of
calcifications.

Unenhanced CT should detect most of these
tumors. The amount of fat present varies con-
siderably, but a myelolipoma should not contain
only fat; a mixture of fat and nonfatty tissue
often results in a heterogeneous appearance
(Fig. 16.7). Bleeding can obliterate surrounding
fat planes (Fig. 16.8). Contrast-enhanced CT can
obscure the fat component and miss a tumor.

Ultrasonography shows a highly echogenic
tumor.

Magnetic resonance imaging reveals a vari-
able signal with both T1- and T2-weighted
sequences (Fig. 16.9). The signal decreases with
fat suppression. These tumors enhance post-
contrast. Their MR characteristics are modified
by any hemorrhage and necrosis.

As already mentioned, other adrenal tumors,
including a rare adenocarcinoma, contain fat.
Differential diagnosis for a fat-containing
adrenal lesion also includes a teratoma and
liposarcoma. Some cysts contain a fatty 
component.

A biopsy should be diagnostic. Unless sym-
ptoms ensue, most of these tumors can be 
followed conservatively. With time, they can
increase, decrease, or remain unchanged.

Hemorrhage/Hematoma
Some of the more common conditions associ-
ated with adrenal hemorrhage are listed in Table
16.2. Usually a hematoma is limited to the
adrenal glands, without involving adjacent
extraperitoneal tissues.

Adrenal hematomas have an imaging appear-
ance similar to that of hematomas at other loca-
tions; their appearance changes and evolves
with time.

Neonates

Most adrenal hemorrhage in neonates is idio-
pathic, although birth stress and related factors
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are implicated. Jaundice may be present. Hem-
orrhage is more common on the right side,
except if associated with renal vein thrombosis
when it occurs much more often on the left.
With an inferior vena cava thrombus hemor-
rhage tends to be bilateral.

Typically, these neonates do not develop
adrenal insufficiency. A scrotal hematoma is
occasionally the initial presentation of adrenal
hemorrhage in neonates.

The primary differential diagnosis in a
neonate is a neuroblastoma, although MRI 
will differentiate these, with the exception of a
hemorrhagic, cystic-appearing neuroblastoma
(see also the description in Neuroblastoma/
Ganglioneuroma, above). Also, hemorrhage
should change its appearance over time, become
anechoic, and decrease in size. Neonatal adrenal
hemorrhage should also be differentiated from
adrenal congestion, which develops in perinatal
asphyxia and other perinatal stress conditions.
Ultrasonography in the latter identifies diffuse
adrenal enlargement, a smooth surface, and loss
of the central hyperechoic stripe (44); histology
in five neonates who died revealed diffuse 
sinusoidal congestion.

Adults

In adults, spontaneous adrenal hemorrhage
ranges from unilateral to bilateral. Aside from
trauma, most are associated with stress or a
severe illness and are more often unilateral.
In a setting of anticoagulant therapy a
hematoma usually develops early in the 
course. If associated with a neoplasm, imaging

Figure 16.7. Adrenal myelolipoma.A,B: Computed tomography shows a fat-containing structure (arrows) that has replaced the right
adrenal gland. It is surrounded by extensive perirenal fat. (Courtesy of Algidas Basevicius, M.D., Kaunas Medical University, Kaunas,
Lithuania.)
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Figure 16.8. Bleeding adrenal myelolipoma. Contrast-
enhanced CT reveals a fat-containing tumor superior to the right
kidney (arrows). Angiography performed shortly after this study
identified a hypovascular tumor. (Courtesy of Patrick Fultz, M.D.,
University of Rochester.)
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should detect tumor enhancement. Adrenal
hemorrhage is relatively common in patients
with meningococcal sepsis (Waterhouse-
Friderichsen syndrome); some hemorrhages

extend into adjacent extraperitoneal tissues. In
some patients with primary antiphospholipid
syndrome hemorrhage is probably due to
adrenal vein thrombosis. A right adrenal hem-
orrhage is a complication of liver transplanta-
tion, a not surprising finding because these
patients undergo inferior vena caval division
and ligation of right adrenal veins.

Imaging findings of adrenal hemorrhage 
are varied and consist of either unilateral or
bilateral gland enlargement, at times asymmet-
rical, or a focal tumor. A typical CT appearance
is a heterogeneous tumor having a density of 50
to 90 HU. Some hemorrhages are associated
with periadrenal fat infiltration or even involve
adjacent diaphragmatic crus. They are hyperin-
tense on both T1- and T2-weighted MR images.
A hematoma shows no contrast enhancement
with either CT or MRI. Angiography, although
rarely performed, identifies a hypovascular
tumor. With time, the involved gland shrinks
and the hematoma decreases in density.

While unilateral hemorrhage generally has
few sequelae, bilateral involvement can result in
adrenal insufficiency. In either case, an adrenal
hemorrhage should be followed until resolution
to exclude an underlying neoplasm. With time,
some involved glands atrophy and calcify. Pre-
sumably in some adults adrenal calcifications
represent sequelae of neonatal hemorrhage. The

Figure 16.9. Adrenal myelolipoma. A right adrenal tumor (arrows) contains foci which are hyperintense on T1- (A) and hypointense
on T2-weighted images (B). (Source: Burgener FA, Meyers SP, Tan RK, Zaunbauer W. Differential Diagnosis in Magnetic Resonance
Imaging. Stuttgart: Thieme, 2002, with permission.)
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Table 16.2. Conditions associated with adrenal hemorrhage

Neonates
Idiopathic
Stress
Renal vein thrombosis
Inferior vena cava thrombosis

Adults
Idiopathic
Stress

Surgery
Hypotension
Sepsis

Trauma
Anticoagulant therapy
Underlying neoplasm
Postpartum period
Meningococcal sepsis (Waterhouse-Friderichsen 

syndrome)
Primary antiphospholipid syndrome
Adrenal vein thrombosis
Inferior vena cava thrombosis
Vasculitis leading to hypercoagulable state and 

venous thrombosis
Associated with liver transplantation
Adrenomyeloneuropathy
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hallmark of a remote hemorrhage is an exten-
sively calcified gland with no significant soft
tissue component. Prior granulomatous disease
usually results in more patchy calcifications.

Insufficiency
Most of the adrenal cortex must be destroyed
before adrenal insufficiency (Addison’s disease)
manifests clinically. Most often insufficiency is
idiopathic, although an autoimmune disorder 
is often suspected. Other less common etiolo-
gies include adrenal hemorrhage, tuberculosis,
histoplasmosis, rare adrenal involvement by
North American blastomycosis, and sarcoidosis.
Infiltration by lymphoma or metastatic carci-
noma, when extensive, can also lead to adrenal
insufficiency.

In an acute setting of shock, adrenal
insufficiency should be considered if CT reveals
bilateral, enlarged, hematoma-density adrenal
glands. In a setting of septicemia, however,
shock may be induced by septicemia rather than
adrenal insufficiency. Also, at times adrenal
gland enlargement in the face of adrenal
insufficiency is due to tumors such as lym-
phoma or metastases.

Imaging in patients with more chronic
adrenal insufficiency shows that about half have
bilateral adrenal enlargement, at times con-
taining regions of necrosis and calcification.
Enlarged glands tend to decrease in size 
after appropriate therapy. Some patients 
have calcified, atrophic glands. Noncalcified
atrophic glands are difficult to visualize with
imaging.

Iron deposition in the adrenal glands in
patients with hemochromatosis eventually
results in mild adrenal insufficiency. Computed
tomography reveals small glands having
increased attenuation.

Vascular Lesions
An aneurysm of an adrenal artery is rare;
rupture leads to a periadrenal hematoma.
Imaging reveals a cystic tumor, hematoma,
and possible thrombus in the artery. These
aneurysms can be diagnosed by angiography
and are amenable to embolization.

Adrenal vein thrombosis can develop in a
setting of heparin-induced thrombocytopenia
(45).

Immunosuppression
Both fungal and viral adrenal infections are
more common in AIDS patients than in the
general population. Sufficient gland destruction
results in adrenal insufficiency.

Lymphoma predominates among adrenal
tumors in AIDS patients. Kaposi’s sarcoma is
less common. Several adrenal adenocarcinomas
have been reported, although the association
may be fortuitous.

Postoperative Changes
An adrenalectomy is performed using either an
open or laparoscopic approach and either an
anterior, posterior, or a thoracoabdominal inci-
sion. A transthoracic approach is preferred by
some. Using anterior transabdominal approach
the left adrenal gland is reached by either mobi-
lizing the spleen and pancreatic tail, or using the
lesser sac as a pathway and displacing the pan-
creas away from the adrenal gland. An open
adrenalectomy is generally performed in
patients with a suspected malignancy and for
tumors larger than about 6 cm. A laparoscopic
adrenalectomy is considered for others; it
requires minimal access, is least painful to the
patient, and results in a shorter hospitalization
than an anterior approach.
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Technique
Computed Tomography
Contrast-enhanced computed tomography (CT)
can visualize the major aortic branches on
early-phase and venous branches on late-phase
images. Late images also evaluate the portal
phase. Most radiologists use a nonionic contrast
agent, with a typical intravenous (IV) injection
consisting of 150 mL at a rate of about 4 to 
5 mL/sec. A faster injection rate produces earlier
and greater vascular enhancement than a slower
rate. A test bolus injection or automatic bolus
triggering optimizes contrast enhancement
(more details on CT angiography are in 
Chapter 7).

Three-dimensional (3D) image reconstruc-
tion is helpful in evaluating overlapping arter-
ies and veins; the aorta, main arterial branches,
as well as vena cava and portal vein branches are
usually identified. Preoperative reconstructed
3D CT angiography is useful to surgeons in
planning complex intraabdominal procedures,
especially if unusual vascular paths are present.
Reconstruction techniques include surface 
rendering, maximum intensity projection (MIP)
and volume rendering; the latter utilizes more
of the available data and generally is more accu-
rate. A multiple threshold display technique
decreases artifacts and allows better small vessel
depiction than a shaded surface display tech-
nique. Each technique has its advantages and
disadvantages (Fig. 17.1).

Similar to virtual colonoscopy, virtual CT
arterial endoscopy is also feasible. In theory, a
stenosis, aneurysm, or stent could be evaluated
from its endoluminal surface. In practice, such
applications are still being developed.

Computed tomography arterial portography
and CT hepatic arteriography are discussed in
Chapter 7. These techniques are of value prima-
rily in the study of the liver blood supply. Eval-
uation of CT arterial portography images is not
always straightforward, most often due to flow
artifacts caused by nonopacified blood.

Ultrasonography
Doppler ultrasonography (US) measures blood
flow velocity in larger vessels. Superior mesen-
teric artery and renal artery blood flow veloci-
ties can be measured even in neonates.

The use of intravascular contrast agents
enhances portal vein and collateral blood flow
during Doppler US studies. One IV US contrast
agent is Perflenapent emulsion (EchoGen,
Sonus Pharmaceuticals, Bothell, WA), providing
enhancement lasting 5 to 15 minutes. Continu-
ous infusion, rather than bolus injection, pro-
longs enhancement and decreases saturation
artifacts.

Transesophageal echocardiography has
evolved into a valuable thoracic aortic study,
especially in a setting of suspected aortic dis-
section, postoperative repair, and follow-up.
Echocardiography also evaluates the extent 
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of atherosclerosis, aortic ulcers, intramural
hematomas, and blood flow.

Intravascular US holds promise in evaluating
vessel wall morphology. It has been called a
technology in search of an application and is
gradually finding a role in endovascular inter-
vention procedures.

Magnetic Resonance
Currently magnetic resonance angiography
(MRA) is an alternate vascular imaging modal-
ity in patients with a contraindication to iodi-
nated contrast agents. Its future indications will
undoubtedly increase considerably, mostly at
the expense of invasive angiography.

Intraluminal blood has a varied MR appear-
ance depending on the technique used; it ranges
from a signal void on spin echo (SE) sequences
to being hyperintense on gradient-recalled echo
(GRE) sequences. Conventional T1- and T2-
weighted SE techniques result in flowing blood
appearing dark. An exception is with slow-
flowing blood, which tends to mimic a 
thrombus and appears bright. Due to the T1-

shortening effect of IV contrast, contrast-
enhanced MRA sequences result in flowing
blood being bright while stationary objects are
saturated and appear “dark.” A further
refinement of this technique is subtraction of
precontrast images from postcontrast ones,
improving vessel contrast resolution.

Compared to digital subtraction angiography
(DSA), the sensitivity and specificity percents 
of MRA in detecting major vessel stenoses or
occlusions are in the high 90% range. Currently,
the major constraints of abdominal vessel MRA
include the pulsatile nature of blood flow,
respiratory motion, and peristalsis. The use of
heavily T2-weighted fast turbo spin echo
sequences instead of conventional T2-weighted
SE sequences improves image quality. Fast GRE
sequences allow dynamic contrast-enhanced
vascular studies using single breath-hold image
acquisition and result in few motion artifacts.
Useful techniques include time of flight and
phase contrast. The former consists of a varia-
tion in signal intensity with time due to proton
motion within a magnetic field, while the latter
monitors phase variations; each has certain

Figure 17.1. Computed tomography (CT) portal vein techniques.
A: Maximum intensity projection. B: Shaded surface display. C:
Volume-rendered CT portal venography. Dilated left gastric vein
(arrow) is seen in A. The maximum intensity projection technique
provided best visualization of collateral vessels. (Source: Kang HK,
Jeong YY, Choi JH, et al. Three-D Multi-detector Row CT Portal
Venography in Evaluation of Portosystemic Collateral Vessels in
Liver Cirrhosis. RadioGraphics 2002;22:1053–1061, with permis-
sion from the Radiological Society of North America.)

A B
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advantages and limitations. A 2D time-of-flight
technique permits 3D reconstruction images.
The phase-contrast technique is useful in eval-
uating portal vein blood; it measures flow direc-
tion and velocity.

The relative merits of MRA versus com-
puted tomography angiography (CTA) are 
still evolving. Mention of angiography in CT
implies the use of an intravascular contrast
agent. This is not necessarily true with MRA,
because MRA without contrast enhancement is
feasible. Flowing fluid can be made to produce
a signal void and thus appear black (black blood
technique) or appear bright. Limitations of
MRA without contrast include the presence 
of slow flow and spin-dephasing signal voids
induced by turbulence. In general, contrast-
enhanced MRA of abdominal vessels is superior
to noncontrast time-of-flight or phase-contrast
MRA.

A T1-weighted 3D MRA technique using 
gradient-echo [fast imaging with steady-state
precision (FISP)] with ultrashort echo and rep-
etition times obtained during the arterial phase
after IV contrast overcomes a number of limi-
tations of no-contrast techniques; images are
obtained within 20 to 40 seconds during a
breath-hold. At times a subtraction technique
using precontrast images is helpful. Contrast-
enhanced MRA of the portal vein is hampered
by slow flow, and in this situation a time-of-
flight technique is more appropriate.

Both 2D and 3D gadolinium-enhanced MRA
evaluate major vessels. Thus MRA performed
with four 3D acquisitions (at 0, 30, 60, and 90
seconds after IV gadolinium) provides an arte-
riogram (without veins) in most patients during
the second or third acquisitions and a venogram
by subtracting the arterial phase from an arte-
riovenous phase (third or fourth acquisition)
(1); all major vessels, including portal vein and
superior mesenteric vein, can be visualized, but
secondary branches are better shown by con-
ventional angiography. Veins <5 mm in diame-
ter are often not well seen with MRA.

Using gadolinium-enhanced MRA, MIP post-
processing provides vascular phase images that
can then be reformatted into 3D images viewed
along a 360-degree axis. The use of gadolinium
results in arterial phase images without the need
for subtraction, but a subtraction technique is
necessary for venous-phase imaging. The entire
intraabdominal aorta can be visualized with 3D

gadolinium-enhanced MRA, and this technique
appears useful in studying aortic aneurysms
and dissections. Virtual MR intraarterial
endoscopy is feasible using gadolinium-
enhanced gradient echo MRI and a postpro-
cessing algorithm to obtain aortic and renal
artery images; the clinical usefulness of such a
technique remains to be established. Combining
gadolinium-enhanced MRA with 3D phase con-
trast MRA provides additional information
than is possible with each technique separately.
Both the aorta and renal arteries can be evalu-
ated; the former results in images similar to a
contrast arteriogram, while the latter is based 
on flow characteristics and is useful to identify
vascular stenoses.

Similar to CT, either a test dose or an assumed
time interval establish a delay between the start
of contrast injection and initial image acquisi-
tion for optimal arterial enhancement. Another
approach is to monitor a single voxel within the
aorta and use an increase in signal within this
voxel (corresponding to the arrival of injected
gadolinium) to trigger MR angiography. Such
automatic triggering improves arterial enhance-
ment compared to manual triggering; venous
enhancement is also less than with manual trig-
gering. The advantages of such automatic trig-
gering can be used two ways—either to obtain
increased arterial enhancement or a similar
enhancement to manual triggering but using a
reduced contrast dose.

Magnetic resonance contrast agents are dis-
cussed in more detail in Chapter 7. Ultrasmall
superparamagnetic iron oxide (SPIO) particles
shorten both T1 and T2 relaxation times, have a
blood half-life measured in hours, and thus are
known as blood-pool MR contrast agents. Equi-
librium-phase 3D MRA using SPIO readily eval-
uates abdominal and pelvic arteries, but venous
overlap limits their use. They also depict the
portal vein and its major branches. These small
iron oxide particles pass through capillaries and
are eventually cleared by lymph nodes.

Contrast enhanced 3D MR portography
identifies the main portal vein and right and 
left intrahepatic portal veins with their main
branches (2); MR portography also detects
varices and portosystemic shunts. In a setting of
liver tumors it can confuse vein occlusion with
narrowing.

Magnetic resonance venography is also feasi-
ble. An electrocardiogram (ECG)-triggered



978

ADVANCED IMAGING OF THE ABDOMEN

black-blood half-Fourier acquisition single-
shot turbo spin echo (HASTE) sequence
assesses the vena cava and major veins. Good
quality pelvic and abdominal vein images are
obtained by using a 2D fast low-angle shot
(FLASH) time-of-flight technique without
breath-hold but with arterial presaturation (3).
Major venous obstructions, thrombi, and intra-
vascular tumors can be detected. Contrast-
enhanced 3D MRA is necessary for more
detailed study.

Contrast enhanced MR lymphography,
performed after interstitial or iv injection is the-
oretically feasible and undoubtedly will be per-
formed in the future once appropriate contrast
agents are available.

Scintigraphy
An estimate of portal blood shunting can be
obtained with perrectal portal scintigraphy. A
solution of technetium–99m (Tc-99m) pertech-
netate is instilled into the rectum, and serial
liver and heart scintigrams are obtained and a
portal shunt index calculated. In a longitudinal
study of patients with liver disease ranging from
chronic hepatitis to cirrhosis and varices, the
shunt index initially increased gradually as the
patient’s disease progressed to cirrhosis and
then increased rapidly as varices developed (4).
The clinical role of this test is not clear.

Angiography
Systemic Circulation

Catheter-based DSA is an often-used gold stan-
dard when evaluating other imaging modalities.
Although DSA is often supplanted in this role by
CTA and MRA, conventional angiography con-
tinues to serve as a framework for angioplasty,
stent placement, and various embolization 
techniques.

Compared to conventional DSA, 3D images
obtained with subtraction angiography per-
formed by rotating the x-ray tube during con-
trast injection (digital rotational subtraction
angiography) tend to be superior in most
patients (5).

Percutaneous arterial puncture and catheter
manipulation should be performed with
caution in patients with Behçet’s disease. These

patients have a higher than normal prevalence
of aneurysms and are at increased risk of
(pseudo)aneurysm formation and throm-
bophlebitis at a puncture site. If feasible, either
CTA or MRA is a viable alternate study.

Diagnostic renal angiography and percuta-
neous renal intervention procedures using
carbon dioxide are options in patients with
renal insufficiency.

Although gadolinium contrast has been occa-
sionally used for angiographic studies and CT
imaging in patients with renal insufficiency or
prior severe reaction to an iodinated agent (6),
one should keep in mind that the pharmacoki-
netic properties of Gd-DTPA, with only one
gadolinium ion, are similar to iodinated agents
containing 3 to 6 iodine atoms. Toxicity of
gadolinium agents, at doses achieving equiva-
lent x-ray stopping power, is greater than with
nonionic iodinated agents (7). This is in dis-
tinction to the use of approved lower gadolin-
ium MR doses, which are insufficient for useful
x-ray contrast, but which have negligible
nephrotoxicity (8). The European Society 
of Urogenital Radiology position is that
gadolinium-based contrast agents are more
nephrotoxic than iodinated contrast agents 
in equivalent x-ray attenuation doses (9) and
their use for angiography and CT is not 
recommended.

Gelatin sponge is often used as an embolic
material. Being inherently radiolucent, contrast
agents are often mixed with it if visualization is
desired. Some investigators find Lipiodol more
useful than a water-soluble contrast material.

Portal System

Direct portography is performed either by
injecting an intrahepatic portal vein branch or
via splenic pulp injection (splenoportography).
A transjugular approach through an intrahep-
atic portosystem shunt is an option in select
patients. Indirect portography is an arterio-
graphic procedure consisting of contrast injec-
tion into either the superior mesenteric or
splenic arteries.

Direct transhepatic portography is useful to
evaluate and treat some portosystemic collateral
pathways in patients with portal hypertension;
although this technique has been supplanted by
newer procedures, in selected patients it pro-
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vides excellent opacification of the portal vein
and its branches. Selective superior mesenteric
vein catheterization permits dynamic portal
venous blood flow studies. Direct splenoportog-
raphy enjoyed its golden age in the early 1970s,
being supplanted initially by other angiographic
procedures and then by CT arterial portogra-
phy. It is currently little used, although an occa-
sional investigator rediscovers it as a “new
procedure.” Computed tomographic portogra-
phy performed by direct intrasplenic contrast
injection using a needle-catheter assembly is a
simple procedure having a role in an occasional
patient when other access to the portal vein is
impractical. Direct splenoportography using
carbon dioxide through a small needle fills a
useful but rather select niche (10).

Hepatic venography is performed by selective
hepatic vein catheterization. If needed, a balloon
occludes hepatic vein outflow, thus permitting
contrast opacification of hepatic parenchyma,
an aid in detecting intrahepatic venous 
collaterals.

Wedge hepatic venography using carbon
dioxide is little used but at times is an adjunct
to study the portal venous system. Carbon
dioxide hepatic venography can visualize the
portal vein in most patients and splenic 
and superior mesenteric veins in over half of
patients.

Congenital Abnormalities
Aorta
Isolated congenital abdominal aortic abnormal-
ities are uncommon; most are associated with
other anomalies and are discussed in Chapter 14
under the heading Heterotaxy Syndrome.

Congenital abdominal aortic coarctation is
uncommon. Symptoms in these patients range
from hypertension, to intermittent claudication,
and abdominal pain. A patient with Alagille’s
syndrome and abdominal aortic coarctation
also had an aberrant splanchnic blood supply
(11).

Vena Cava
Most inferior vena caval abnormalities occur
inferior to the renal veins. The absence of the
infrarenal portion is rare; more often, mention

of an absent vena cava describes azygous con-
tinuation of a patent infrarenal segment, with
hepatic veins draining directly into the right
atrium. Such azygos inferior vena cava con-
tinuation is associated with cardiac and situs
anomalies. In these patients the renal artery is
located ventral to the azygos vein, a finding
detectable by abdominal US. Azygous continua-
tion of the vena cava is common in patients with
polysplenia. Occasionally, indirect azygous 
continuation is associated with an inferior vena
caval aneurysm. Hemiazygous continuation is
rare.

Agenesis of other inferior vena cava segments
is rare. One patient with agenesis of the hepatic
segment had the infrahepatic vena cava drain-
ing into the portal vein and hepatic veins drain-
ing into a suprahepatic inferior vena cava (12).
Hypoplasia of the inferior vena cava is also rare;
these patients tend to have an extensive collat-
eral circulation.

In inferior vena caval transposition a single
vein ascends on the left, crosses the midline at
the renal vein level, and continues its ascent to
the right atrium. A duplicated left vena cava is
rare; when present, the two vena cavae join at
the renal vein level. A left vena cava can be 
differentiated from a dilated gonadal vein by
tracing its cranial and caudal extensions. As
expected, thrombophlebitis of a left vena cava is
difficult to detect; CT and MR tend to suggest
adenopathy, and aspiration biopsy or surgical
exploration are often performed.

Arteries
An independent hepatic and splenic artery
origin from the abdominal aorta occurs in
approximately 1% of the population, an
anomaly detected with contrast-enhanced CT
and angiography. A common origin of the
celiac, superior mesenteric, and inferior mesen-
teric arteries is very rare (13). A middle mesen-
teric artery, originating from the aorta, also a
rare anomaly, usually supplies the right and
transverse portions of the colon.

A hepatic artery identified by US in the por-
tacaval space is often believed to have a superior
mesenteric artery origin, yet one originating
from the celiac artery can also be detected in
this space.
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Veins
Systemic Veins

A retroaortic left renal vein, located either at 
the same level as a normal renal vein or more
caudally, occurs in about 5% of the population
(Fig. 17.2). Circumaortic left renal veins consist
of a true vascular ring and also occur roughly in
about 5%, findings detected with contrast
enhanced CT. Gadolinium enhanced 3D MRA
detects a retroaortic and circumaortic left renal
veins with roughly the same frequency.

An abdominal aortic aneurysm can compress
a retroaortic left renal vein and result in renal
vascular congestion and induce hematuria (14).
Although at times called a nutcracker phenom-
enon, this term is best avoided to prevent con-
fusion with other similarly named conditions.

Portal Venous System

Congenital portal venous absence is rare; most
occur in females and tend to be associated with
liver tumors and other congenital abnormalities
(Fig. 17.3). With an absent portal vein, intestinal

Figure 17.2. Retroaortic left renal vein. Frontal (A) and oblique (B) 3D CT reconstructions reveal the left renal vein (arrows) poste-
rior to a tortuous aorta. (Courtesy of Patrick Fultz, M.D., University of Rochester.)

A B

Figure 17.3. Congenital absence of portal vein in an 11-year-old boy. A: Transverse magnetic resonance (MR) imaging shows the
splenic vein (arrows) joining the superior mesenteric vein and emptying into the inferior vena cava. B: An MR angiogram identifies
the superior mesenteric vein (arrow) draining into inferior vena cava. (Source: Kohda E, Saeki M, Nakano M, et al. Congenital absence
of the portal vein in a boy. Pediatric Radiology 1999;29:235–237, with permission from Springer-Verlag.)

A B
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and splenic venous blood bypasses the liver 
and drains directly into systemic veins. Some of
these patients develop hepatofugal drainage of
a large inferior mesenteric vein into systemic
veins.

Congenital portal vein duplication or an
accessory portal vein is also rare. Some of these
mimic a liver hilar tumor. At times direct 
portography shows an accessory smaller vein
located parallel to the main portal vein and
draining into the right liver lobe; some of
these accessory portal veins drain the coronary
veins, thus modifying results obtained after 
a transjugular intrahepatic portosystemic 
shunt (TIPS) and preventing coronary vein
embolization.

A portal vein located cranial to the gallblad-
der bed and feeding the right anterior segment
is associated with rightward deviation of the 
ligamentum teres. A portal vein located anterior
to the duodenum (and thus prepancreatic in
location) is associated with malrotation and
polysplenia. Computed tomography and mag-
netic resonance imaging (MRI) reveal a vascu-
lar structure anterior to the head of the
pancreas.

Aberrant gastric venous drainage is common
and accounts for some of the unusual liver
enhancement patterns detected.Veins of Retzius
are intestinal veins draining directly into vena
cava or its branches—usually the gonadal or
renal veins—rather than into portal vein
branches. Whether they represent a normal
variant or should be considered congenital
anomalies is conjecture. These veins can be
identified if searched for, including with CT
arterial portography.

Ultrasonography can detect portocaval anas-
tomoses in infants; these vessels probably rep-
resent continued ductus venosus patency.

Normally the superior mesenteric vein lies to
the right and anterior to the superior mesen-
teric artery. A reversed position of these two
vessels suggests but is not pathognomonic of
midgut malrotation.

An aberrant right gastric vein supplies
segment 4 of the liver and is a cause of a
pseudolesion during contrast-enhanced CT or
CT portography. An aberrant left gastric vein is
less common and is identified on postcontrast
CT along the hepatogastric ligament. These
veins provide a partial collateral pathway for 
the portal system.

Trauma
Abdominal aortic injury is considerably less
common than to the thoracic aorta. Neverthe-
less, abdominal aortic and inferior vena caval
injuries are associated with a high morbidity
and mortality. Unchecked bleeding, shock, and
injury superior to the renal vessels all play a role
in increased mortality.

On rare occasions intravascular gas is
detected after trauma; portal venous gas,
hepatic venous gas, and inferior vena cava gas
in five patients cleared on follow-up studies and
no cause was determined (15).

Aortic Injury
Thoracic aortic injuries are not discussed in this
book, but mention should be made of delayed
aortoesophageal fistulas developing after swal-
lowing sharp objects or after gunshot wounds.

Abdominal aortic injury should be suspected
with lumbar spine transverse process fractures.
Handlebar injuries to the duodenum are well
known to trauma physicians. Less well known 
is aortic injury due to a similar mechanism.
Fatal delayed abdominal aortic ruptures have
occurred after handlebar injury.

In the United States, contrast-enhanced CT 
is the current imaging modality used to evalu-
ate suspected aortic trauma. A periaortic
hematoma detected near the diaphragm level is
an insensitive but specific sign of aortic injury
(16).

Blunt abdominal aortic injury carries a high
morbidity and mortality. Some traumatic
inframesenteric abdominal aortic dissections
can be successfully treated with implanted
stents. In general, surgical repair is preferred for
an unstable patient or those with threatened
extremities, but angiographic endovascular
stent placement appears to be an option in 
a stable patient with viable limbs.

Arterial Trauma
An arterial (pseudo)aneurysm is a known com-
plication of trauma in both children and adults.
The hepatic artery is a common location for
these aneurysms, although any artery, even the
inferior epigastric artery, can be involved. These
aneurysms tend to remain silent until manifest-
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ing by bleeding, often weeks or, rarely, even
years later. Most such delayed bleeding is into
the gastrointestinal tract, with an occasional one
to respiratory or urinary tracts. At times bleed-
ing is massive, stops spontaneously, but invari-
ably recurs later.

Less common are posttraumatic arteriove-
nous fistulas; most are due to penetrating
injury. Although CT is often useful in suggest-
ing the diagnosis, arteriography is generally
necessary to define the location and extent of
these fistulas.

Many detected aneurysms are treated suc-
cessfully by transcatheter embolization. An
unresolved question is whether such emboliza-
tion is indeed advantageous to the patient or
whether conservative management achieves a
similar end, especially with smaller, uncompli-
cated aneurysms. In patients with arterial
injuries managed nonoperatively, follow-up
arteriography reveals that some injuries heal
spontaneously, some improve with residual
deformity and others worsen; the dilemma is
that pretherapy imaging is not accurate enough
in selecting those who are expected to improve
and those who progress.

Venous Trauma
Trauma to the inferior vena cava consists of con-
tusion, laceration, transection, and, rarely, dis-
section. In particular, injury to the retrohepatic
portion of the vena cava is associated with a
poor prognosis.

Peritoneal lavage readily misses inferior vena
cava injuries. Typically CT shows a hematoma
surrounding the vena cava. Some hematomas
are associated with an intraluminal thrombus.
At times CT in patients with traumatic inferior
vena cava rupture identifies contrast extravasa-
tion. Computed tomography detection of a col-
lapsed inferior vena cava during a trauma study
suggests hypovolemia.

Trauma is a rare cause of Budd-Chiari syn-
drome. Presumably bleeding and extrinsic 
compression of the intrahepatic inferior vena
cava by a hematoma obstruct the hepatic veins
or intrahepatic portion of the inferior vena cava,
findings detectable by CT. Ascites is common
and should be differentiated from intraperi-
toneal bile or blood, which suggest other etiolo-
gies for intraperitoneal fluid. An occasional
patient develops traumatic Budd-Chiari syn-

drome secondary to inferior vena cava throm-
bosis. On the other hand, with hepatic vein
rupture generally not enough time elapses for
Budd-Chiari syndrome to develop.

Bleeding
Active hemorrhage in a trauma setting is 
recognized as contrast extravasation during
contrast-enhanced CT. Rapid infusion of a 
relatively large contrast bolus aids in detecting
a site of arterial extravasation, less so with
venous bleeding. Multislice CT appears to be
superior to more conventional CT in detecting
more subtle bleeds. Even if active extravasation
is not detected, a high-density region, having a
Hounsfield density close to that of adjacent
arteries and surrounded by lower density clot,
should suggest recent extravasation. These are
often subtle findings requiring expertise in 
interpretation.

Occasionally Tc-99m–red blood cell scintig-
raphy locates a bleeding site; the radiotracer
accumulates in one particular region, with no
change in location during the study.

The appearance of a pseudoaneurysm is
similar to that of arterial bleeding (Fig. 17.4).
Some authors consider bleeding to represent a

Figure 17.4. Traumatic pseudoaneurysm secondary to gunshot
wound. Computed tomography identifies the aneurysm
(arrows) between the aorta and inferior vena cava. (Courtesy of
Patrick Fultz, M.D., University of Rochester.)



983

ABDOMINAL VASCULATURE

pseudoaneurysm if it is contained, but this 
distinction is rather subtle. In either case, a
pseudoaneurysm should be isodense to its 
connecting vessel and, being contained, should
be sharply marginated.

Aorta
Atherosclerosis/Stenosis
For unknown reasons, smokers and patients
with chronic pancreatitis have a higher preva-
lence of aortic calcifications than controls. Alag-
ille syndrome includes arteriohepatic dysplasia;
occasionally aortic calcifications develop even
in teenagers with this syndrome.

High-resolution T2-weighted MRI aids 
in detecting and classifying atherosclerotic
plaques (17).

Abdominal aortic stenosis is occasionally dis-
covered in children. A majority of these consist
of congenital malformations and a minority of
inflammatory aortitis; associated renal and vis-
ceral artery involvement is common, together
with arterial hypertension. Some stenoses in
young adults are isolated, with the aortic bifur-
cation being a common site; some of these
stenoses calcify, even in young patients. Athero-
sclerotic aortic stenoses are quite common in
the elderly, although clinically they are often
overshadowed by stenoses at the origin of great
vessels.

MRA is useful in detecting and evaluating
aortic stenoses.

Isolated stenoses are amenable to surgical
correction. More common is diffuse involve-
ment of the aorta, iliac arteries and distal
vessels. Percutaneous transluminal balloon
angioplasty and, if needed, intraluminal stent
placement are the interventional modalities
used to treat aortic stenosis. Although generally
performed under angiographic guidance,
intravascular US guidance is also feasible.
Angiography alone probably underestimates
vessel diameter in almost two-thirds of patients;
incomplete stent deployment is also more
readily identified by intravascular US than by
angiography.

Aortic stent placement is feasible in patients
with failure of percutaneous transluminal
angioplasty or presence of ulcers, which
increases risk of embolization with angioplasty.

In general, similar long-term restenosis rates are
found for transluminal angioplasty and stent
placement (18); a small aortic diameter is a pre-
dictive factor for restenosis.

Follow-up after percutaneous transluminal
angioplasty of patients with infrarenal athero-
sclerotic aortic stenosis shows a clinical patency
rate similar to open surgery.

Aneurysm
Atherosclerotic Aneurysm

Most abdominal aortic aneurysms are athero-
sclerotic in origin. An occasional mycotic one is
encountered.

Screening for an abdominal aortic aneurysm
is not widely practiced even in hypertensive
patients. An abdominal aortic aneurysm in
these patients is associated with claudication,
and these patients appear to benefit from
screening US. An occasional aortic aneurysm is
associated with a coagulopathy, which often
clears after aneurysm repair.

From a potential therapeutic perspective, an
abdominal aortic aneurysm’s size and location
are of obvious importance. One classification 
is into infrarenal, juxtarenal, and pararenal
aneurysms. Most common are infrarenal ones,
fusiform in shape. Pararenal aneurysms extend
distal to the superior mesenteric artery and
involve the renal arteries.

The role of imaging is to establish that an
aortic aneurysm is indeed present, provide
information about its size and shape, detect
complications, and outline the preoperative
anatomy.

Aneurysms vary in size considerably.
Measurement of aneurysm dimensions before
endovascular therapy is of obvious importance,
yet DSA measurements of an aneurysm’s diam-
eter and length are inaccurate by up to 15% (19);
an indwelling catheter is the only available 
reference standard. Computed tomography, US,
or MRA provides more reliable aneurysm
dimensions.

Calcifications develop in long-standing
aneurysms, but aortic calcifications do not
imply that an aneurysm is present. An occa-
sional aneurysm is suggested from a conven-
tional abdominal radiograph, but this study is
rarely employed when suspecting an aneurysm.
In particular, measurement of a suspected
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aneurysm’s diameter is notoriously inaccurate
on conventional radiographs, but if such a
measurement is necessary, a lateral projection
rather than a frontal one should be chosen.

Computed tomography angiography is the
current preoperative imaging study of choice.
Numerous studies confirm accuracy of CT in
measuring an aneurysm’s diameter. Multidetec-
tor CT in patients evaluated for aortoiliac
aneurysms, performed with a 25-second delay
after the start of IV contrast injection resulted
in aortic enhancement of >200 Hounsfield 
units (HU) and no superimposed venous filling
(20). A 3D shaded surface display is helpful 
in viewing aneurysms, with image rotation 
providing multidirectional images. In differ-
entiating among suprarenal, juxtarenal, and
infrarenal aneurysms, the use of narrrow colli-
mation and overlapping axial reconstructions 
aids in correctly classifying most aneurysms
and identifies main and accessory renal arteries.

Ultrasonography should identify an aortic
aneurysm, outline its shape, and measure its
width and rough length in most patients and is
often the first screening examination obtained
in a patient with a pulsatile abdominal mass.
Involvement of other vessels is difficult to 
evaluate. Obesity and bowel gas limit the 
information obtained. Doppler US does provide
additional information but is generally sup-
erfluous if subsequent angiography (CT or
other) is obtained.

Magnetic resonance imaging and MRA are
evolving into primary imaging modalities for
preoperative aneurysm study, at times pro-
viding information superior to CT. Potentially
3D MRA can provide definitive pretherapy
studies and replace both CT and DSA. Some
studies achieve almost perfect agreement
between conventional angiography and MRA
interpretations of aortic disease. Conventional
angiography is often considered the gold stan-
dard in aneurysm evaluation primarily because
many surgeons are comfortable with its results
and rely on its information. Nevertheless, the
use of angiography is declining for this indica-
tion and is gradually being relegated to those
situations where CT and MR are inconclusive.

Magnetic resonance imaging can identify an
aneurysm’s size and shape. Transverse images
tend to provide more information about the
distal aorta and iliac vessels compared to
coronal images, but sagittal images are helpful

in identifying major vessel origins. Gadolinium-
enhanced MRA achieves high sensitivity and
specificity in determining whether the renal
arteries and iliac arteries are involved by an
aneurysm; also, gadolinium aids in differen-
tiating between slow blood flow and a mural
thrombus. A 3D gadolinium-enhanced MRA
technique identifies an aneurysm and aids in
establishing its relationship to renal and other
major arteries. Stenosis of major vessels is also
detected and atherosclerotic plaques and
thrombi are evaluated.

One inherent limitation of MRI is its inabil-
ity to visualize calcifications. Also, multiple
sequences are generally necessary. Thus
although arterial-phase MRA visualizes a patent
aortic lumen, it does not outline the aortic wall
or identify thrombi; for the latter axial imaging
is necessary.

Inflammatory Aneurysm

An inflammatory abdominal aortic aneurysm 
is characterized by marked thickening and
inflammation in the aneurysm wall. The etiol-
ogy is unknown, although an immune response
appears to be involved in some patients.

Many inflammatory aneurysms are associ-
ated with extensive surrounding extraperitoneal
fibrosis. At times the ureters become encased
and obstruct. The duodenum or inferior vena
cava can also be entrapped. The inflammation
often subsides after aneurysm repair and
ureteric obstruction is relieved. Computed
tomography performed several years after
inflammatory aortic aneurysm repair reveals no
or little persisting inflammatory tissue in most
patients.

A MR study of an inflammatory aortic
aneurysm reveals a complex, concentric, layered
outline; homogeneous enhancement postcon-
trast distinguishes this condition from the more
common atheromatous intima.

Dissecting Aneurysm

Most dissecting aortic aneurysms are thoracic
in origin and dissect into the abdomen. These
aneurysms are generally subdivided into those
involving the ascending aorta and those origi-
nating distal to the great vessels. A dissection is
diagnosed by detecting both true and false
lumens and identifying an intimal flap. Most
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false aneurysms are saccular in outline and
communicate with the aortic lumen. Some false
lumens spiral around the aortic circumference;
in these, dissection the inner lumen is invariably
the true lumen (21).

Aortography was the traditional gold stan-
dard in detecting a dissection, identifying an
intimal flap, and establishing an entry site and
possible exit site. Postcontrast CT and lately
MRI are evolving as noninvasive alternatives to
aortography in suggesting the extent and length
of a dissection (Fig. 17.5). A helical CT study

evaluating various protocols concluded that an
optimal CT study consists of two separate but
adjacent scans—3-mm collimation for the
aortic arch and 5-mm collimation for remain-
ing aorta (22); such a study achieved almost a
100% sensitivity and specificity for detecting 
a dissection and identifying entry and exit 
sites.

Some acute dissecting aneurysms have an
eccentric hyperdense aortic wall on precontrast
CT. A hyperdense wall is also found in some
intramural hematomas and nondissecting

Figure 17.5. Dissecting abdominal aortic aneurysm. Transverse (A), coronal (B), and 3D (C) CT reconstructions each provide slightly
different information about the shape and scope of this aneurysm. (Courtesy of Patrick Fultz, M.D., University of Rochester.)

A

B C
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aneurysms, but with the latter the hyperdensity
is circumferential rather than eccentric.

Contrast-enhanced CT in a minority of
patients with a dissecting aneurysm reveals
linear hypodense structures in the false lumen;
these fibroelastic bands, described as aortic
cobwebs, extend from the intimal flap and rep-
resent portions of aortic wall incompletely
sheared during dissection. These cobwebs
identify the false lumen and distinguish it from
the true lumen.

Ultrasonography identifies most true and
false lumens, separated by an intimal flap. Some
false-positive Doppler imaging results are prob-
ably due to a heavily calcified aorta acting as 
a strong acoustic reflector, resulting in mirror
image artifacts. At times a crescent-shaped
hypoechoic zone between a thrombus and
aortic wall suggests dissection, but Doppler US
does not detect any flow in this region, a condi-
tion called pseudodissection.

Intravascular US also differentiates the true
from the false lumen. It identifies an acute angle
between the dissecting flap and false lumen
outer wall, and differentiates the three-layered
true lumen wall from single-layered false lumen
wall. Intravascular US is also useful to differen-
tiate causes of branch vessel compromise—
whether a dissection intersects a branch vessel
origin or whether a vessel origin was spared but
a dissection flap simply compresses the true
lumen and covers its origin.

Magnetic resonance detects an intimal flap
and identifies both true and false lumens.
Flowing blood results in a signal void in both
lumens with a SE technique, a finding modified
by slow flow or a thrombus. As an aneurysm
diameter increases, the false-to-true lumen
cross-sectional area ratio also increases, but
peak average velocity in the true lumen
decreases, findings obtained from MR phase-
contrast images. T1-weighted SGE images reveal
slow flow in either a true or false lumen as high
signal intensity, although, in general, postcon-
trast 2D or 3D techniques better identify both
lumens and an intimal flap, and differentiate
slow flow from a thrombus. Contrast-enhanced
MR establishes flow patterns in a dissection,
including flow in major vessels, and is useful if
iodine-based contrast agents are contraindi-
cated. Yet exceptions do occur; in an occasional
patient aortic wall thickening is the only sign of
dissection on T1-weighted MRI.

The diagnosis is difficult with a thrombosed
false lumen; the appearance is similar to that of
an eccentric mural thrombus. An intimal flap is
not detected with a thrombosed false lumen.
Inward displacement of intimal calcifications
suggests dissection, but this appearance is 
mimicked by calcifications within a thrombus
and an intramural hematoma. A thrombosed
false lumen does not enhance with contrast
during an early phase; for reasons unknown,
occasionally a false lumen enhances on late-
phase images.

Intramural Ulcer/Hematoma

A penetrating atherosclerotic ulcer-like defect is
detected in some patients with extensive ather-
osclerosis, an entity probably distinct from a
dissecting aneurysm. The spectrum of findings
ranges from an asymptomatic ulcer penetrating
through lamina elastica and forming an intra-
mural hematoma, to intramural dissection,
aneurysm formation, and even aortic rupture.
The evidence suggests that a hematoma, caused
by bleeding from vasa vasorum, is the inciting
event in this condition, weakening the aortic
wall sufficiently to lead to a dissection.

Follow-up CT of some of these ulcer-
intramural hematomas reveals the hematoma
regressing in size with time (23); some of these
patients, however, have ulcer-like cavities that
tend to evolve into saccular aneurysms. In
others, an intramural hematoma without a
patent false lumen is associated with intramural
dissection; nonenhanced CT of these focal
hematomas often shows a hyperdense rim. A
typical appearance is a focal outpouching in a
region involved by atherosclerosis and sur-
rounded by a thickened, hyperdense aortic wall
that does not enhance with contrast. Aortic
intramural hematomas probably need to be 
followed with imaging.

Transesophageal US identifies an intramural
hematoma as a homogeneous aortic wall thick-
ening with intraluminal displacement of intimal
calcification.

Hematomas appear hyperintense on T1- and
T2-weighted MR images.

Mycotic Aneurysm

An abdominal aneurysm in a patient with fever,
abdominal or back pain, and leukocytosis sug-
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gests a mycotic etiology, a life-threatening con-
dition. Aneurysm wall tissue and blood often
yield positive blood cultures for the involved
organism. Complicating matters in the elderly,
some atherosclerotic aneurysms become
infected. These aneurysms tend to change size
faster than atherosclerotic aneurysms.

Less common organisms encountered include
Salmonella enteritides and other Salmonella
species, Yersinia enterocolitica, and even a
hydatid origin. Syphilitic aneurysms are mostly
of historical interest. Rare reports describe
Mycobacterium bovis infected aortic aneurysms
after intravesical bacillus Calmette-Guérin
therapy for bladder cancer, even to the point of
aneurysm rupture. Some aneurysms develop
from an adjacent spinal abscess.

Most of these aneurysms are saccular.
Early-stage CT findings consist of a hazy aortic
wall outline, evolving into a periaortic infiltrate
and paraaortic fluid. The false lumen is often
thrombosed. An increase in surrounding fat
density can suggest the diagnosis, although
similar findings are seen with other causes of
extraperitoneal fibrosis or hemorrhage. Aortic
wall gas is only an occasional finding.

Complications

Rupture

The sudden onset of severe pain is the hallmark
of a ruptured abdominal aortic aneurysm. The
risk of rupture is directly related to aneurysm
size. Rupture continues to be associated with
high morbidity and mortality. It is fatal without
surgical repair and is considered a surgical
emergency. Rupture is unpredictable and can
occur during a radiologic examination. Patients
with a leaking aneurysm are often hypotensive
and hemodynamically unstable. A ruptured
aortic aneurysm occasionally occludes the infe-
rior vena cava. A chronic ruptured but con-
tained abdominal aortic aneurysm can result 
in extensive anterior lumbar spine erosions,
findings readily detected with imaging.

A hemodynamically stable patient suspected
of harboring a ruptured abdominal aortic
aneurysm usually undergoes a CT study. The
aneurysm is recognized and the extraperitoneal
hemorrhage identified as isodense or hyper-
dense regions. Less often detected is an actual
aortic wall defect. Extravasation of contrast
signifies active bleeding.

The CT crescent sign, consisting of a hyper-
dense curvilinear structure within a mural
thrombus or aneurysm wall, is found in larger
aortic aneurysms and often signifies an
aneurysm at risk of rupture or one already rup-
tured. This sign appears to be caused by hem-
orrhage within a thrombus or in the aneurysmal
wall. It is more common in ruptured aneurysms,
and if detected in an unruptured aneurysm,
suggests impending rupture. A periluminal
halo, on the other hand, consisting of a hypo-
dense internal structure within a thrombus
around the lumen, is found in roughly 10% of
both nonruptured and ruptured aneurysms and
does not have a connotation similar to that of
the crescent sign.

In a Dutch study of consecutive patients
admitted with a ruptured abdominal aortic
aneurysm, an US diagnosis was consistent with
rupture in only 51% (24).

A Tc-99m–red blood cell study will occasion-
ally suggest rupture of an aortic aneurysm.

Fistula

Vascular fistulas in general are discussed later
(see Vascular Fistulas).

A rare ruptured atherosclerotic aortic
aneurysm results in an aortocaval fistula.
Surprisingly, some of these patients are rela-
tively asymptomatic. These fistulas can be
detected by CT. Early caval contrast enhance-
ment is diagnostic. Multislice CT with over-
lapping slices improves anatomic depiction of
these fistulas.

An aortoduodenal fistula and resultant
massive gastrointestinal hemorrhage is a recog-
nized complication after aortic aneurysm repair
but is quite rare in the absence of prior surgery.
An occasional small aneurysm communicates
with a cavity and adjacent duodenum (25); the
diagnosis can be suggested by CT.

Mural Thrombus

Mural thrombi are common in an aortic
aneurysm. These thrombi tend to be soft and
loosely attached to the aortic wall; as a result,
they are a source of distal emboli. These thrombi
do not strengthen the wall of an aneurysm. In
time, calcifications develop within a thrombus.
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Mural thrombi can be evaluated and charac-
terized by MRI. Thrombi range from hyperin-
tense signal on T1- and T2-weighted images for
an unorganized thrombus, an inhomogeneous
signal intensity for a partially organized throm-
bus, and hypointense signal on both T1- and T2-
weighted images for an organized thrombus.

A mural thrombus can be suspected with
radionuclide aortic angiography. A photon-
deficient region along the aneurysm wall corre-
sponds to a mural thrombus.

Therapy

Surgical

Indications for surgical repair of an abdominal
aortic aneurysm vary somewhat among sur-
geons. Because of the risk of rupture in
aneurysms >5 cm in diameter, one recommen-
dation is to consider elective surgery in fit
patients with an aneurysm >4.5 cm in diameter.
Other indications include significant occlusive
disease requiring repair, pain, or a suspected
mycotic etiology.

An open, elective aortic abdominal aneurysm
repair carries a mortality of about 2% to 4%,
which is in contrasts to a mortality of about 80%
for emergent repair of a ruptured aneurysm.

Endovascular

The introduction of endoprostheses has
markedly changed aortic aneurysm surgery.
Instead of an abdominal incision, vessel clamp-
ing, and associated major blood loss, the pro-
cedure is performed via a femoral artery
approach. Instead of direct aneurysm inspec-
tion, oversawing of feeding vessels and surgical
repair, both initial planning and repair are per-
formed under imaging control. Preoperative 
CT, often with 3D reconstruction, is used for
aneurysm evaluation and to select an appropri-
ate prosthesis, although 3D MRA is assuming an
increasing role in preoperative management of
these patients. At times arteriography is helpful.
C-arm fluoroscopic guidance is used for pros-
thesis insertion to bridge the aneurysm. If
needed, a bifurcation graft or an aorto-uni-iliac
graft is inserted. Such percutaneously inserted
and deployed grafts have had a variable success
rate. Long-term success rates are not available
and the borderline between surgical correction

and percutaneous stent therapy is poorly
defined. Patients with a long life expectancy and
low surgical risk continue to undergo surgical
repair. Also, infected aneurysms remain in the
surgeon’s domain.

Endovascular aneurysm repair performed
using stent-grafts in patients considered too
high risk for conventional repair resulted in
complete aneurysm exclusion (based on CT cri-
teria) in 88% (26). Deployment and complete
aneurysm exclusion with covered stents is more
successful with tube grafts than with bifurcation
grafts. Surgical correction is necessary for
migrating grafts. Nevertheless, a number of
authors have commented that their morbidity
rates compare favorably with those of open
surgery in these high-risk patients.

A limitation of a transfemoral approach is
that the iliac arteries must be accessible and 
relatively free of major atheromatous disease.
A major reason for failure of stent-graft inser-
tion is excessive iliac artery tortuosity or arte-
riosclerosis, with rates of failure dependent 
on patient selection factors and operator 
experience.

Covered stent-grafts have been successfully
inserted in patients with aortic aneurysms close
to renal artery orifices, with the proximal
uncovered stent portion placed across one or
both renal artery orifices. Stent-grafts have been
deployed across saccular aneurysms.

Complications after initial stent-graft inser-
tion are common, and secondary intervention is
often necessary. The significance of leakage
outside the graft is not clear.

Postoperative Findings

Postoperative imaging appearances differ after
various surgical repairs and after percutaneous
endoprosthesis insertion. Some of the compli-
cations encountered also differ. Knowledge of
specific therapeutic technique used is necessary
for postoperative imaging evaluation.

Delayed aneurysm rupture after endovascu-
lar repair is rare.

Normal Imaging

Serial postoperative contrast-enhanced CT 
or MR identifies most major complications 
after surgical repair, including bleeding, false
aneurysm formation, vessel occlusion, and most
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fistulas (Fig. 17.6). With an end-to-end anasto-
mosis, the native aneurysm wall is wrapped
around a graft. Postoperative fluid is common
between a graft and native aorta and is detected
with CT or MR. Perigraft fluid in some patients
persists for several months. This fluid is gradu-
ally reabsorbed; increasing amounts of fluid
with time suggest infection.

Postoperative surveillance includes measure-
ment of residual aneurysm size. A measure 
of maximum residual aneurysm diameter 
using CT angiography is common, although
aneurysm volume is probably more accurate.
Magnetic resonance imaging is limited in the
immediate postoperative period if metal 
components are present. Covered nickel tita-
nium stent-grafts used for abdominal aortic
aneurysm repair have been safely imaged by
1.5-T MRI, with no ferromagnetism or heating
detected (27). In an in vitro contrast-MR study
of nitinol, tantalum, stainless steel, and cobalt
alloy stents, only the latter stent resulted in a
signal void inside the lumen (28); MR of some
of the stents produces an artificial diameter 
narrowing.

A CT scan 24 to 48 hours after graft place-
ment should reveal any partial or complete
thrombosis of the aneurysmal sac; initially
patent channels tend to close subsequently, but
can recur. A mottled appearance within the
aneurysmal sac is not uncommon. Maximum

intensity projections rendered from helical CT a
week or so after aortic stent graft placement 
is useful to evaluate stent deformity or stent 
angulation; MIP also aids in detecting renal
artery occlusion, leaks and thrombi. Computed
tomography criteria of successful endovascular
repair consist of a decrease or unchanged 
size aneurysmal sac without the presence of
perigraft channels; the latter are often associ-
ated with subsequent aneurysm enlargement.

Eventual fibrosis surrounding the surgical
site appears hypointense with both T1- and 
T2-weighted images.

Some evidence suggests that MRA is as sen-
sitive as CTA in detecting endoleaks (29); it also
avoids iodinated contrast agents Eventual
fibrosis surrounding the surgical site appears
hypointense both with T1- and T2-weighted
images.

No firm guidelines are established for long-
term follow-up of asymptomatic patients after
endovascular repair. Pre- and postcontrast CT
scans annually appear reasonable. Any symp-
toms or known complication require more 
frequent follow-up.

Bleeding/Leak

Precontrast CT is useful in detecting an acute
postoperative hematoma; a recent bleed is
slightly hyperdense to the surrounding struc-

Figure 17.6. Abdominal aortic aneurysm repair. A 3D reconstruction (A) and maximum intensity projection (MIP) reconstruction 
(B) identify relationship of aorta to adjacent structures. (Courtesy of David Waldman, M.D., University of Rochester.)

A B
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tures. Postcontrast CT readily detects graft
occlusion. A new false aneurysm enhances post-
contrast, unless it is thrombosed.

Leakage adjacent to a prosthesis is considered
a perigraft leak, while leakage along an
aneurysm border is a retrograde leak. Leaks are
uncommon in the thrombosed portion of an
aneurysm; rather, continued patency of feeding
vessels, such as the lumbar and inferior mesen-
teric arteries, the median sacral artery, and
occasionally even the urethral and testicular
arteries plays a role in the pathogenesis of leaks
after stent-graft repair (30). Inferior mesenteric
artery leaks are ventral to the prosthesis and
lumbar or median sacral artery leaks are dorso-
lateral in location. For most leaks CT can thus
establish its origin. Perigraft leak rates vary con-
siderably and depend, in part, on the extent of
the initial aneurysm. As the number of patent
feeding vessels increases, the leak rate also
increases, reaching 60% when more than six
lumbar arteries are patent (31).A rare contained
leak developing after aneurysectomy is suf-
ficiently extensive to result in inferior vena cava
compression.

Computed tomography angiography appears
reliable in detecting perigraft leakage. The sen-
sitivities and specificities for detecting leakage
were 63% and 77% for conventional angiogra-
phy and 92% and 90% for CTA, respectively
(32). An occasional side-branch endoleak is not
detected by CT but is identified by duplex US.
Preliminary evidence suggests that contrast
enhanced US also detects endoleaks after
endovascular aneurysm repair, even detecting
some missed by CTA (33).

Most leaks can be treated successfully 
with additional stent-grafts. Some leaks are
amenable to coil embolization; embolization
results in aneurysmal sac thrombosis. Others
can be sealed off with balloon dilation at the end
of stent insertion. Still others disappear sponta-
neously. At times rather creative embolization is
helpful. Thus endoleaks due to retrograde flow
in the inferior mesenteric artery have been
treated by selective superior mesenteric artery
catheterization and embolization through the
middle colic artery (34).

Infection/Fistula

Fever, leukocytosis, and anemia suggest graft
infection as a complication of an aortic

aneurysm or aortic bypass surgery. While graft
infection is not common, it is associated with a
high morbidity and mortality. An extraperi-
toneal lymphocele can develop after aortic
reconstruction. It can become infected.

Some of the initial work with CT detection of
graft infection suggested a sensitivity and
specificity approaching 100%, but later studies
tempered such enthusiasm, and the current
belief is that CT detects mostly advanced 
infections.

Gas adjacent to a graft is identified by CT
shortly after surgery in many patients even
without infection. Gas developing several weeks
or longer after surgery, on the other hand,
implies infection or an aortoenteric fistula. Thus
in a patient with anemia or gastrointestinal
bleeding of unknown cause (sentinel bleed) 
and a remote history of aortic aneurysm repair,
the presence of soft tissue gas, no matter how
little, is presumptive evidence of graft infection
and often serves as a harbinger for a future
major bleed. A CT finding of periprosthetic
wrap thickening, an inhomogeneous appear-
ance and thickening of adjacent bowel wall 
and valvulae conniventes are common with an
infection but are nonspecific findings. Perigraft
fluid can persist for several months after
surgery, although fluid collections for longer
periods of time suggest an infection. If neces-
sary, image-guided fluid can be obtained for
culture. Some infectious organisms are 
notoriously difficult to culture, and prolonged
incubation is necessary.

Some infections progress to an aortoenteric
fistula, with the third and fourth parts of the
duodenum most often involved. Direct signs of
an aortoenteric fistula are not common; these
include either IV contrast extravasating into
bowel lumen or orally administered contrast
leaking into soft tissues surrounding a graft.

One of the limitations of MR is an inability to
detect small amounts of gas in soft tissues.
However, MR differentiates persistent inflam-
mation and fluid in an abscess from a
hematoma. Fluid appears hypo- to isointense on
T1- and hyperintense on T2-weighted images,
while a persistent hematoma is hyperintense
with both sequences, although these findings
vary, depending on age.

Indium-111–white blood cell (WBC) scintig-
raphy is useful as a primary test for suspected
infections or as an adjunct to ambiguous CT
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results. Gallium scanning, or more recently,
Tc-99m–hexamethylpropyleneamine oxime
(HMPAO)–labeled leukocytes appear to have a
role in suggesting an infection but have had
limited application. An occasional test is false
positive; thus an occasional patient with a non-
infected pseudoaneurysm will have uptake of
Tc-99m-HMPAO–labeled leukocytes.

Primary percutaneous drainage appears rea-
sonable in patients with aortic graft infection
and a fluid collection, although some of these
patients later require removal of their infected
prosthetic grafts.

Other Findings

Postoperative pseudoaneurysms develop both
with and without an underlying infection.
Iliac artery tortuosity predisposes to iliac 
artery injury during percutaneous endopros-
thesis insertion. An extreme complication of a
pseudoaneurysm is blowout of an aortic stump.

In a setting of a pseudoaneurysm, aortogra-
phy provides a roadmap for future repair, while
CT is superior in evaluating surrounding 
infection.

Ureteric stenosis, periureteritis, and ureteric
compression by a false aneurysm are some of
the complications of aortic surgery (35); some
of these complications manifest only years later.
Endovascular repair can also result in a periaor-
titis and ureteral obstruction (36). At times a
portion of a self-expanding stent covers a renal
artery; evidence of renovascular compromise,
however, is not common.

In a patient with postoperative hematuria the
surgical graft coursed through the bladder (37);
presumably an intravesical tunnel was created
during the original graft insertion.

Aortitis
Nonspecific aortoarteritis, or Takayasu’s arteri-
tis, is a panarteritis of unknown etiology. Patient
age at onset ranges from pediatrics to old age.
In a collection of 31 patients with Takayasu’s
arteritis, 45% had aortic aneurysms (38); of note
is that aortic wall thickening was detected on 
CT in several of these aneurysms, aneurysms
increased rapidly in size, and ruptured during
follow-up.

Patients with Takayasu’s arteritis develop vis-
ceral artery stenoses. Although angioplasty and

stent insertion usually have an immediate
benefit, these patients suffer from a high rate of
restenosis.

Thrombosis Leriche’s Syndrome
Acute abdominal aortic thrombosis is not
common. Rather than being acute, some of these
thrombotic occlusions present with renal failure
or congestive heart failure, and the diagnosis is
suspected from renal scintigraphy.

A rare cause of aortic occlusion was intra-
aortic growth of hydatid cysts (39); recurrent
hydatid cysts developed after previous surgery
for a paraspinal hydatid cyst.

Leriche originally described obstruction at
the aortic bifurcation, but his name is now asso-
ciated with symptoms due to infrarenal aortic
obstruction. Varying degrees of claudication
and impotence develop depending on the extent
of atherosclerosis and collateral flow. Dimin-
ished femoral artery pulses are common.

Three-dimensional contrast-enhanced MRA
using MIP and a rotated display in patients with
Leriche’s syndrome located the level of aortic
occlusion as juxtarenal, infrarenal but cranial to
inferior mesenteric artery, or caudal to the infe-
rior mesenteric artery (40). Collateral pathways
and concomitant renal artery stenoses can often
be detected. Although in theory IV DSA pro-
vides similar information, increased contrast
conspicuity and a 3D rotational display make
MRA superior, visualizing even small collater-
als. Whether MRA image quality is superior to
that of intraarterial DSA is debatable, but the
lack of catheter manipulation and arterial injec-
tion makes MRA a simpler study.

Inferior Vena Cava
Obstruction
Thrombosis

Most inferior vena caval thrombi originate in an
adjacent vein and spread centrally. Thus a lower
extremity venous thrombus can extend superi-
orly, or a renal malignancy, especially orig-
inating in the right kidney, not uncommonly
invades and obstructs the inferior vena cava.
Caval thrombosis is a complication of Crohn’s
disease, systemic lupus erythematosus, and
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Behçet’s syndrome. In these settings caval
obstruction should be suspected if hepato-
splenomegaly, ascites, and lower extremity
dependent edema develop.

Imaging detects a thrombus as an intralumi-
nal filling defect or simply as lack of caval filling
with contrast (Fig. 17.7). A primary thrombus
and a neoplastic thrombus have a similar
imaging appearance and can be differentiated
only if thrombus neovascularity or other evi-
dence of a neoplasm is detected. Noncontrast
CT reveals an acute thrombus to be isodense or
slightly hyperdense to blood. With age, a throm-
bus gradually becomes hypodense. The involved
vessel diameter tends to be expanded focally,
regardless of etiology. Gas within a thrombus is
rare and suggests infection. Calcifications
develop in some chronic thrombi.

With incomplete obstruction, postcontrast
CT identifies most thrombi as a hypodense
tumor surrounded by contrast-opacified blood.
A bland thrombus does not enhance postcon-
trast, while a tumor thrombus does. Complicat-
ing the issue is the occasional bland thrombus
attached to a tumor thrombus. Still, caution is
needed to differentiate a thrombus from incom-
plete mixing of opacified and nonopacified
blood and a resultant transient artifact.

Collateral vessels are common with obstruc-
tion of the inferior vena cava. Lower extremity
radionuclide venography reveals collateral flow;
an occasional patient has diffuse hepatic uptake
of the radionuclide. With superior vena caval
obstruction, the azygos vein, hemiazygos vein,
internal mammary veins, vertebral venous
plexus, and lateral thoracic and some superficial
thoracoabdominal veins enlarge and become
collateral vessels. Because of these collaterals,
after contrast injection into an upper extremity
CT can reveal enhancement of a liver segment
or the inferior vena cava. Early and dense con-
trast enhancement of liver segment IV occurs
due to segmental liver perfusion from epigastric
and paraumbilical veins; such a pseudolesion in
segment IV is a potential pitfall seen occasion-
ally during both arterial portography and
helical CT.

Magnetic resonance readily detects a caval
thrombus. With SE sequences the vena cava 
contains a tumor rather than a signal void as
seen with flowing blood. Slow-flowing blood,
however, also results in loss of the caval signal
void. With GRE sequences flowing blood
appears hyperintense, and this technique
appears more reliable in detecting a thrombus
than a SE technique. In some patients incom-

Figure 17.7. Idiopathic inferior vena caval obstruction. A: A lateral view from a barium enema and cystogram reveals widening of
the presacral soft tissues (arrows), a common finding with caval obstruction. B: Venogram identifies extensive collaterals veins and
confirms lack of vena cava filling.
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plete obstruction simply results in hepato-
splenomegaly and follows a relatively benign
course, while others develop chronic liver
disease and esophageal varices. Caudate lobe
and left lobe hypertrophy, right lobe atrophy,
and a nodular liver outline develop with intra-
hepatic inferior vena caval obstruction; periph-
eral linear or wedge-shaped hypodense defects
are detected in some patients. Some chronic
thrombi are associated with caval wall thicken-
ing; MR contrast enhancement extends from the
vena cava into surrounding soft tissues, prob-
ably reflecting thrombophlebitis.

Occasionally a caval thrombus regresses
spontaneously.

Membranous Obstruction

One of the causes of Budd-Chiari syndrome is
inferior vena cava obstruction by a membrane
(web). This condition is more common in East
Asia than in the West and predominates in
young adult males. Some of these patients also
have hepatic vein membranes.

A congenital inferior vena cava web is rare.
After therapy some of these webs restenose and
require several dilations. Why an acquired web
forms in some patients is not clear. A number of
affected patients have suffered prior abdominal
trauma. An underlying hypercoagulable state
has been suggested; in fact, some patients with
membranous obstruction have both an under-
lying hypercoagulable condition and also had
recent trauma.

A membranous obstruction can be detected
by either US or cavography but not by CT.
Doppler US is useful in evaluating membranous
obstruction of both the inferior vena cava and
main hepatic veins.

With some membranous obstructions the
hepatic veins act as an alternate pathway for
blood flow. Thus intrahepatic collaterals can
develop between inframembranous and sup-
ramembranous hepatic veins; because of these
pathways, a Budd-Chiari syndrome does not
develop.

Other Obstructions

A rare inferior vena caval obstruction is associ-
ated with a diaphragmatic hernia; liver hernia-
tion results in torsion and narrowing of the
inferior vena cava.

Therapy

Most membranous obstructions are amenable
to transfemoral balloon dilatation with excellent
results. An occasional membrane, however, is
relatively thick and resists balloon dilatation.
Endoluminal recanalization and stent insertion
are viable options in patients with chronic infe-
rior vena caval obstruction

Unique percutaneous thrombectomy of
floating iliocaval thrombi has been performed
with an occluding balloon sheath. Using a tran-
sjugular access route, the sheath was positioned
in the inferior vena cava, a balloon inflated to
prevent central thrombi embolization, mechan-
ical fragmentation performed through a
working channel using a rotating basket, and
residual thrombus fragments then aspirated
(41).

Tumor
Primary

Primary inferior vena caval malignancies are
rare; they are readily confused with adjacent
extraperitoneal tumors. Primary leiomyomas
and sarcomas should be distinguished from 
secondary ones, the latter often representing
intravenous leiomyomatosis from a uterine
leiomyoma. Some of these women have had a
previous hysterectomy for uterine leiomyomas.
For example, cavocardiac leiomyomatosis was
discovered in a woman who had a hysterectomy
16 years previously for a hemorrhagic fibroma
(42); her present tumors were believed to be
uterine in origin.

Leiomyosarcoma

The most common primary vena caval malig-
nancy is a leiomyosarcoma. For some reason
authors have an urge to publish their experience
with vena cava leiomyosarcomas, but these
extensive case reports belie the rarity of this
condition.A number of these patients have been
enrolled in the International Registry of Inferior
Vena Cava (IVC) Leiomyosarcomas. Out of 218
patients in this study, over half developed tumor
recurrence after radical resection (43). Recur-
rence consisted of local spread, distant metas-
tases, or both.

Leiomyosarcomas range from an intralumi-
nal tumor obstructing the inferior vena cava, to



994

ADVANCED IMAGING OF THE ABDOMEN

a tumor extending primarily outside the caval
wall, to a complex tumor having features of
both; CT shows a lobulated well-defined hetero-
geneous tumor, while MRI reveals a tumor
having an isointense signal on T1- and an iso-
to hyperintense signal on T2-weighted images.
Regions of hemorrhage result in a hyperintense
T1-weighted signal. These tumors usually
enhance markedly with contrast. With a
complex appearance, both CT and MRI are
useful in differentiating between a neoplasm
and a simple thrombus. At times a tumor is so
extensive that identification of the site of origin
is not possible radiologically, surgically, or even
pathologically.

Histiocytoma

Only a few inferior vena caval malignant fibrous
histiocytomas have been reported. Contrast-
enhanced CT of one revealed a minimally
enhancing intraluminal tumor expanding the
lumen considerably, findings not seen with a
simple thrombus (44); hyper- and hypointense
regions were identified on T1- and T2-weighted
sequences. Small serpiginous enhancing tubular
structures on immediate postgadolinium SGE
images were believed to represent feeding
vessels.

Secondary

Extraperitoneal tumors readily compress the
inferior vena cava or invade and progress to an
intraluminal tumor thrombus. Invasion by renal
cell carcinoma is familiar to most radiologists.
Some of the more unusual invasive tumors
include a liposarcoma and adrenal carcinoma.
Intracaval extension of these tumors can be
determined by transesophageal US.

Magnetic resonance imaging and MRA iden-
tify both intraluminal tumors and extrinsic
caval compression by a tumor. Collateral vessels
are also detected. Magnetic resonance imaging
generally provides more information than CT.

Caval Fat

True intracaval fat-density tumors range from a
lipoma to renal angiomyolipoma extending
through a renal vein.

A fat-density intraluminal caval tumor is rare;
a more common reason for such a CT appear-
ance is juxtacaval fat, located medially at the

hepatic vein level or slightly superior, artificially
projecting into the caval lumen. This fat is con-
tiguous to fat surrounding the subdiaphrag-
matic esophagus. Either coronal reconstruction
images or contrast-enhanced images should
suggest a correct diagnosis. Such fat is generally
considered to be a normal variant, although it
appears to be more common in patients with
chronic liver disease (45).

Filters
Clinical

From initial open surgical placement, insertion
of inferior vena cava filters has evolved into a
percutaneous technique using an introducer
sheath. Indications for inserting inferior vena
cava filters have expanded from patients who
had a pulmonary embolus and could not be
anticoagulated to those at risk for emboli. Ease
of filter insertion and reduced associated mor-
bidity have expanded the indications further,
although in a setting of a pulmonary embolus
anticoagulation is generally the first step. Recur-
rent emboli in the face of adequate anticoagula-
tion or a complication of anticoagulation,
such as bleeding, indicates the need for filter
insertion. Contraindications to anticoagulation
include a recent hemorrhage, with other 
contraindications often relative and at times 
subjective.

A number of vena cava filters are available.
They differ in their appearance, such as cone,
basket, or net; in their construction material and
thus radiodensity; and in whether they are
readily removable. In broad terms, all filters trap
most clots, but some pulmonary emboli are
unavoidable. At times vena caval filters are
inserted temporarily, such as in the presence of
iliac vein or caval thrombi and or in the risk of
embolization during thrombolysis.

Carbon dioxide is an alternate contrast agent
for vena cavography during filter insertion
when iodinated contrast agents are contrain-
dicated or in those patients with renal
insufficiency (46).

Complications

Complication rates for radiologic and surgical
placement of inferior vena cava filters appear
comparable although in one institution radiol-
ogists achieved a higher success rate and fewer
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complications (47); part of the reason may be
that radiologists tended to perform cavography
prior to filter placement and surgeons did not.
A review of over 1700 implanted filters at one
institution (up to 1998) found a 6% prevalence
of observed postfilter pulmonary emboli, fatal
in 4% of patients, with most fatal pulmonary
emboli occurring a median of 4 days after filter
insertion (48); the prevalence of observed
postfilter caval thrombosis was 3%. Intrafilter
clots are not uncommon. Benefit must be bal-
anced against risk.

Other filter complications include malposi-
tion, filter tilting, and insufficient opening.
Ideally, a filter is positioned between the ileal
vein confluence and renal veins. A filter cepha-
lad to the renal veins risks renal vein throm-
bosis. Mild filter tilting is common, but the
ability to trap clots is reduced with excessive
tilting. Likewise, insufficient filter opening
reduces a filter’s clot trapping ability. A filter is
designed to prevent pulmonary emboli, and 
the evidence of such an embolus after filter
placement represents filter failure. In such a 
situation the filter should be investigated for
migration, strut failure, or inferior vena cava
thrombosis. Filter migration occurs either
caudal or cranial.Vena caval thrombosis is a rec-
ognized filter complication, regardless of filter
design. Some caval thrombi are asymptomatic.
Even without a thrombus, extremity venous
stasis tends to accentuate after filter placement.
Rare complications include myocardial infarc-
tion due to filter migration and pericardial 
tamponade.

Filter perforation is rare. Anecdotal reports
describe caval penetration resulting in pancre-
atitis and even biliary obstructive. Filter struts
can fracture and migrate, including to the
kidneys. Rare reports describe penetration of a
vertebral body and caval perforation leading to
small bowel volvulus.

Caval filters are recognized on contrast-
enhanced SGE MRI because of their symmetry
and magnetic artifacts.

Incidentally, J-tipped guidewires should be
used with care around filters; these guidewires
are at risk for entrapment.

Aneurysms
Inferior vena cava aneurysms are very rare.
Most are believed to be congenital. Acquired

ones are secondary to trauma or an arteriove-
nous fistula. Some are asymptomatic and are
incidentally discovered when CT or MR are per-
formed for other reasons. Sagittal reconstruc-
tion is helpful in their visualization.

Visceral Vessels
Vasculitides
Systemic vasculitis often involves small visceral
vessels, with resultant ischemia leading to ulcer-
ations, perforation, or evolving into a stricture.
Vasculitis can involve any part of the gut, even
the duodenum, which has a rich blood supply. It
often affects multiple bowel segments, in dis-
tinction to thromboemboli, which tend to affect
continuous segments. De novo duodenal
ischemia is almost always secondary to a 
vasculitis. Concomitant splenic and renal
involvement also suggest a vasculitis.

Behçet’s Syndrome

A chronic multisystemic disorder, Behçet’s 
syndrome is of unknown etiology. Whether
Behçet’s syndrome has a primary ischemic basis
is debatable; some authors classify it not under
ischemia but in a separate category. Also, some
authors separate Behçet’s syndrome into two
forms: complete and incomplete. In Japan,
Behçet’s colitis patients typically have no eye
involvement, and these patients are classified
under the incomplete form of Behçet’s 
syndrome.

Resected bowel in these patients reveals mul-
tiple punched-out inflammatory ulcers, mostly
in the ileocecal region; most ulcers are on the
antimesenteric border. Histopathology reveals a
nonspecific vasculitis. Granulomas are not
identified. Clinically, many patients develop ery-
thema nodosum, arthralgias, oral and genital
ulcers, and a relapsing iritis. Gastrointestinal
symptoms are common, with abdominal pain
and recurrent aphtha mimicking Crohn’s
disease, ulcerative colitis, or another vasculitis.
An acute presentation with bowel perforation
and peritonitis is not uncommon. An occasional
patient presents with prolonged fever. The diag-
nosis can be difficult; in 1990 the International
Study Group for Behçet’s Disease proposed
specific diagnostic criteria consisting of oral
ulcers and at least two of the following: genital
ulcers, specific eye lesions, skin lesions, and a
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skin pustule test. A diagnosis of Behçet’s syn-
drome is established mostly on clinical grounds
rather than on histopathologic findings.

The most common site of gastrointestinal
involvement is the ileocecal region, followed by
the colon, small bowel, and, least often, esopha-
gus. Gastric disease is rare. Imaging in affected
individuals reveals inflammatory polyps and
either aphtha or deep ulcers. In general, deep or
punched-out ulcers in either the distal ileum or
right colon should suggest Behçet’s syndrome.A
perforation is not an uncommon acute event. A
retrospective CT study of patients with intes-
tinal Behçet’s syndrome found intestinal polyps
in 36% and thickened bowel wall in 32% (49);
enhancement ranged from mild to marked.
Both polyps and a thickened bowel wall were
more common in patients with complications.
Also, severe perienteric infiltration was seen
only in patients with complications. Adjacent
lymph nodes can be deformed by chronic ileo-
cecal ulcerations.

Most therapy is unsatisfactory in patients
with Behçet’s syndrome. Some patients’ clinical
symptoms improve and imaging abnormalities
clear after the start of a low residue diet. Even
thalidomide treatment has been helpful.

Patients with Behçet’s syndrome are prone to
develop aortic and arterial aneurysms (50).
Stent-grafts are helpful, although artery occlu-
sion is a complication. Thromboses of inferior
vena cava, portal vein, and smaller veins also
develop.

Postoperative recurrence after bowel resec-
tion is common and generally is close to an
anastomosis.

Periarteritis Nodosa

Periarteritis nodosa (polyarteritis nodosa), a
necrotizing inflammation (arteritis) of small
and medium-sized artery walls, eventually
results in organ ischemia, with renal arteries
more often involved than liver vessels. Hyper-
tension is common. These patients develop arte-
rial aneurysms and stenoses, generally at sites 
of arterial bifurcation—characteristic but not
pathognomonic findings; these findings also
occur in other arteritides. Aneurysms tend to be
small, saccular, at times having an irregular
outline.

Contrast CT shows patchy renal uptake bilat-
erally due to scarring; wedge-shaped defects

develop secondary to focal ischemia. The
imaging appearance is nonspecific.

Henoch-Schönlein Purpura

Henoch-Schönlein purpura (nonthrombocy-
topenic purpura) is a vasculitis of unknown 
etiology affecting mostly children. Usually a
characteristic lower extremity purple rash pre-
cedes abdominal symptomatology, with some
exceptions. Abdominal pain and bleeding in
these patients presumably is secondary to 
intramural bleeding or a serohemorrhagic 
effusion.

Imaging reveals a predilection for proximal
small bowel involvement. With extensive
involvement, a small bowel study reveals intra-
mural fluid as fold thickening and thumbprint-
ing (Fig. 17.8). An intramural hematoma
occasionally acts as a lead point for an intus-
susception. Computed tomography identifies
segmental small bowel mural thickening, a non-
specific finding.

In children with Henoch-Schönlein purpura,
US detects dilated small bowel segments,
decreased motility, and eccentric bowel wall
thickening.

Figure 17.8. Henoch-Schönlein purpura resulting in bowel wall
edema (arrows) and fold infiltration.
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Allergic Granulomatous Vasculitis 
(Churg-Strauss Syndrome)

Allergic granulomatous angitis (Churg-Strauss
syndrome) is a necrotizing vasculitis leading 
to ischemia due to arterial occlusion. Some
patients develop ulcerative colitis–like findings.
Symptoms tend to improve with steroid 
therapy, but disease recurs when steroids are
discontinued.

Degos’ Disease

Degos’ disease (malignant atrophic papulosis) is
a rare, progressive disease leading to occlu-
sion of small and medium-size arteries. Bowel
involvement results in perforations, peritonitis,
and fistulas.

Degos’ disease is in the differential diagnosis
of small bowel ulcerations.

Systemic Lupus Erythematosus

Some patients with systemic lupus erythemato-
sus develop a gastrointestinal vasculitis with
resultant symptoms of diarrhea and pain. The
final end point is ischemic bowel disease.
In affected patients with acute abdominal pain,
CT reveals bowel wall thickening, a target-like
appearance and mesenteric vascular engor-
gement and haziness, findings suggesting
ischemic bowel disease (51). In distinction from
more common bowel ischemia, bowel wall
thickening tends to be multifocal, varies in
length, and is not confined to a single vascular
field. Unless irreparable damage ensues, the
changes should revert to normal after therapy
(Fig. 17.9).

A three-phase Tc-99m–pyrophosphate scinti-
gram appears useful in these patients; a positive
scan suggests a vasculitis.

Figure 17.9. Systemic lupus erythematosus resulting in severe
abdominal pain. Longitudinal (A) and transverse (B) US identifies
dilated small bowel (arrows) and edematous valvulae con-
niventes. C: Postcontrast transverse CT likewise outlines thickened
valvulae conniventes. Acute mesenteric vasculitis was diagnosed,
and the patient was treated with high-dose steroids, and she
recovered within a week. (Source: Wilson SR. Evaluation of the
small intestine by ultrasonography. In: Gourtsoyiannis NC, ed.
Radiological Imaging of the Small Intestine. Heidelberg, Germany:
Springer-Verlag, 2002:73–86, with permission of Springer-Verlag.) C
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Antiphospholipid Antibody
Syndrome
Study of antiphospholipid antibody syndrome
belongs mostly in the hematologist’s domain.
Abdominal imaging enters the picture when
venous and arterial thromboses develop in
patients with serum antiphospholipid antibod-
ies and thrombocytopenia. Abdominal pain and
abdominal distention are the most common
clinical presentations. Spontaneous abortions
also occur.

Both antiphospholipid antibodies and lupus
anticoagulant alter hemostasis and induce a
hypercoagulable state. This syndrome exists as
a primary form and also in association with sys-
temic lupus erythematosus. Both forms mani-
fest similar clinical findings, although lupus
usually leads to venous thrombosis only.

Patients with antiphospholipid syndrome
develop major vascular thromboses, including
the aorta, inferior vena cava, portal vein, supe-
rior mesenteric vein, and splenic vein (52).
Resultant ischemia is either localized or diffuse
and can progress to infarction and necrosis and
involve kidneys, liver, spleen, stomach, and
bowel. Adrenal infarction can develop without
evident hemorrhage (53). Pancreatitis and
hepatic dysfunction associated with portal
hypertension develop in some. Inferior vena
cava or hepatic vein thrombosis can lead to
Budd-Chiari syndrome. In some patients
thromboemboli recur at the same site; in others
they tend to be limited to either the arterial or
venous side. Imaging detection of unusual or
recurrent thrombi, especially in a younger
patient, should suggest this entity. Histology
simply reveals extensive small artery, arteriolar,
and venous occlusive disease.

Other Vasculitides

Pseudoxanthoma elasticum is a connective
tissue disorder consisting of characteristic skin
lesions, angioid streaks in the eyes, and occlu-
sive vascular disease. Presumably the latter
findings are responsible for the occasional
gastric hemorrhage developing in this condi-
tion. Some patients develop ischemic bowel 
perforations before manifesting peripheral
findings.

Dermatomyositis is a vasculitis also affecting
the gastrointestinal tract. Underlying ischemia

leads to edema, ulcers, gangrene, and, if severe
enough, eventual bowel perforation.

A distinct form of vasculitis consisting of a
giant cell phlebitis in a 16-year-old girl led to an
ischemic colonic stricture (54); arterioles and
arteries were not involved.

Ischemia
Clinical

Adults

Acute intestinal ischemia is a result of arterial
thrombosis, arterial embolism, venous throm-
bosis, a vasculitis, or a nonocclusive low blood
flow state. (Ischemic enterocolitis is discussed in
Chapters 4 and 5, and gastrointestinal tract
bleeding is discussed Chapter 4). From a clini-
cal viewpoint, intestinal ischemia is best sub-
divided into acute and chronic types; some
authors also include a subacute category.

Acute intestinal ischemia often presents as an
abdominal catastrophe, evolving rather swiftly
into a major infarction. Mortality remains high
even with rapid diagnosis and ready availability
of surgical consultation.

Nonocclusive mesenteric ischemia is difficult
to detect and is probably underdiagnosed.
Presenting symptoms tend to be vague and
wide-ranging. The jejunum is involved in most
patients. At its extreme, nonocclusive ischemia
leads to necrosis, gangrene, and perforation.
Computed tomography, US, and MRI are not
reliable in the early detection of this condition,
and mesenteric angiography should be consid-
ered in a clinical setting of suspected acute
mesenteric ischemia.

Mesenteric ischemia can ensue with an aortic
dissection involving the origin of the superior
mesenteric artery or even compressing it; at
times stenting relieves the ischemia.

Cholesterol embolization is associated with
atheromatous plaques, angiography, vascular
surgery, and even thrombolytic therapy. Such
embolization can lead to mesenteric ischemia,
gastrointestinal hemorrhage and bowel in-
farction and perforation (55). Clinically, these
patients often also develop extremity ischemia
and renal insufficiency. Eosinophilia is detected
in some.

Although fibromuscular dysplasia is common
in the renal arteries, it is unusual in visceral



999

ABDOMINAL VASCULATURE

arteries; it is an occasional cause of ischemia,
especially in a younger patient. Angiography
reveals a characteristic “string of beads” appear-
ance seen with fibromuscular dysplasia.

Mesenteric ischemia is more common in
patients undergoing chronic hemodialysis than
in the general population, probably due to 
atherosclerosis.

Heroin-related mesenteric ischemia is well
known. Ischemia also develops after intranasal
cocaine use.

Most chronic ischemia, especially in the
elderly, is caused by either arterial stenosis 
due to atherosclerosis or a vasculitis. It is more
common in women. Patients with chronic
ischemia present with intestinal angina, weight
loss, anemia, and diarrhea. Stenoses and occlu-
sions range from a single visceral artery being
involved to a combination of vessels. Collateral
flow from the internal iliac or other arteries is
not unusual. On a chronic basis, at times the arc
of Buehler enlarges to the point that it provides
most of the arterial blood supply to the liver and
spleen.

Infants and Children

Gastric ischemia in a neonate is usually a com-
plication of acute anoxia or shock. Intestinal
ischemia in children is often superimposed on
underlying congenital vascular or metabolic
abnormalities. Thus vascular thromboemboli
are a known complication in a setting of homo-
cystinuria, a rare inborn error of amino acid
metabolism manifesting as a multisystemic
disease associated with mental retardation and
vascular disease, consisting of premature arte-
riosclerosis and thrombosis.

Does the use of umbilical artery catheters 
in newborns impair mesenteric blood flow?
Doppler US performed before and after removal
of umbilical artery catheters found that after
catheter removal mean peak celiac artery 
systolic blood flow velocity increased from 
50 cm/sec to 62 cm/sec and superior mesenteric
artery flow from 52 cm/sec to 72 cm/sec (56);
end diastolic blood flow velocity and vessel
diameters did not change significantly.

Umbilical arteriovenous fistulas are uncom-
mon. They can be either congenital or acquired.
Even in a neonate an arteriovenous fistula
between the umbilical artery and umbilical 
vein can result in bowel ischemia. Bowel perfu-

sion improves in some after umbilical vein 
ligation.

Imaging

Angiography is the historic gold standard in
suspected acute mesenteric ischemia. It is more
time-consuming and often less available than
CT, which is the current examination of choice
in many centers. Mesenteric CTA detects supe-
rior mesenteric artery embolism or thrombosis
and superior mesenteric vein thrombosis with a
sensitivity approaching that of angiography. In
addition to acute ischemia, CT also evaluates
other causes of an acute abdomen.

Conventional radiography findings in
patients with intestinal ischemia reflect the
underlying spectrum of pathologic changes.
They are normal initially or reveal variable
degrees of gaseous bowel distention and 
fluid levels. Dynamic CT findings range from
early ischemic ileus, bowel wall edema, and
hematoma manifesting as bowel wall thicken-
ing, major vessel stenosis, or occlusion (either
arterial or venous) to eventual bowel wall necro-
sis identified as intramural gas and lack of
bowel wall contrast enhancement. In patients
requiring surgery for acute mesenteric
ischemia, detection of at least one of these CT
findings achieves a specificity of over 90% 
but a considerably lower sensitivity. At times a
contrast-enhanced CT target sign is evident
during the arterial phase, especially if ischemia
is due primarily to venous obstruction.

Gas–fluid levels and dilated bowel loops,
both nonspecific signs of acute mesenteric
ischemia, are seen equally well with conven-
tional radiography and CT. Major ischemia
leads to gas within the bowel wall (pneumatosis
intestinalis) and mesenteric and portal vein gas.
With few exceptions, in adults detection of
mesenteric and portal venous gas implies
mesenteric infarction. Such gas occasionally
migrates to the internal spinal venous plexus,
presumably from the pelvic veins. Pneumoperi-
toneum and even pneumoretroperitoneum are
uncommon manifestations of bowel ischemia
and presumably reflect a perforation. Some
authors preach the superiority of CT in detect-
ing portal venous gas and probably rightly so,
although a formal comparison with conven-
tional radiography is lacking. Nevertheless,
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quite often conventional radiographs suffice to
suggest the diagnosis.

Computed tomography in patients with acute
superior mesenteric artery occlusion identifies
intravascular blood clots as high-density
regions on precontrast images and as filling
defects after contrast enhancement. A some-
times useful finding in acute superior mesen-
teric artery occlusion is a CT ratio of the
external diameter of the superior mesenteric
vein divided by the external diameter of the
superior mesenteric artery; this ratio becomes
<1 in patients with acute occlusion.

Sonographic findings range from normal to
nonspecific distended loops of bowel.

Doppler US is useful for detecting high-grade
celiac artery and superior mesenteric artery
stenoses and occlusion.When successful in eval-
uating mesenteric vessel patency, however,
Doppler US findings need to be placed in a
proper clinical perspective because not all
stenoses are symptomatic.

Celiac artery narrowing is found in some
patients if the study is performed at expiration
(median arcuate ligament syndrome), a finding

minimized at inspiration (Fig. 17.10). These
patients have chronic abdominal pain, at times
mimicking gastric outlet obstruction. Doppler
US measurement of mesenteric vascular flow is
difficult in a setting of suspected acute ischemia,
being successful only in a minority of patients.

Various MR techniques such as MRA, cine
phase contrast MRA, and flow-independent T2-
weighted imaging not only identify anatomic
stenoses but also provide physiologic data about
blood flow. Currently the use of MRI in bowel
ischemia is still in its infancy.

Vessel obstruction is best identified with MRI
on early contrast-enhanced images. Thus major
arterial or venous thrombosis is seen on 
postcontrast images as a signal void, often 
surrounded by increased enhancement in a
thickened vessel wall. A similar wall thickening
is found with bowel wall edema, such as in
hypoproteinemia, but no increased postcontrast
wall enhancement is evident. Systolic gating 
is helpful when using a 3D phase contrast 
MRA technique to evaluate celiac and superior
mesenteric artery stenoses. Gadolinium-
enhanced 3D spoiled gradient-refocused acqui-

Figure 17.10. Celiac trunk compression by median arcuate ligament. Inspiration (A) and expiration (B) lateral digital subtraction
angiography (DSA) views show a transient compression (arrow). (Source: Funaki B. Compression of the celiac trunk by the median
arcuate ligament. Radiology 2000;214:604–605, with permission from the Radiological Society of North America.)

BA
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sition in the steady state (GRASS) MRA
identifies any stenosis in celiac and superior
mesenteric arteries.

Deoxyhemoglobin in blood cells is paramag-
netic, but oxyhemoglobin is not. This difference
can be used to measure superior mesenteric
vein blood oxygen saturation in hemoglobin,
obtained using flow-independent MR T2 data;
it appears useful in confirming suspected
chronic mesenteric ischemia. In patients with-
out ischemia, superior mesenteric vein blood
oxygen saturation increases after a meal, but in
symptomatic patients with chronic mesenteric
ischemia blood saturation tends to decrease. In
spite of research on this topic for over a decade,
the clinical relevance of such measurements is
yet to be established.

In an occasional patient positive uptake of
Tc-99m–HMPAO–labeled leukocytes appears to
reflect underlying chronic ischemia rather than
primary inflammation.

Therapy

Acute Ischemia

Different therapy is employed for acute and
chronic ischemia. Without therapy, acute
nonocclusive ischemia often progresses to
infarction. The treatment of choice in some
patients with nonocclusive ischemia is papaver-
ine infusion via a vascular catheter. Resection
and anticoagulation are therapies for infarcted
bowel. Recurrent bowel ischemia is a com-
plication of surgical bypass grafting for acute
ischemia. Fibrinolytic therapy using urokinase,
rather than surgical embolectomy, appears
effective in a majority of patients with a mesen-
teric embolus and without evidence of intestinal
infarction; others require laparotomy. The best
sign of successful therapy is pain abatement;
persistent pain suggested intestinal infarction.

Rather than surgical embolectomy, in
selected individuals mechanical thrombolysis of
mesenteric and portal vein thrombosis, using a
jugular vein approach, is an alternate approach.

Chronic Ischemia

Either percutaneous transluminal angioplasty
or a surgical bypass graft is employed in a
setting of chronic mesenteric ischemia. At times
transaortic endarterectomy is performed. All of

these techniques have their associated compli-
cations. The published success rates of percuta-
neous transluminal angioplasty are difficult to
put in perspective because different criteria are
used (e.g., size of postprocedure luminal diam-
eter, restenosis rate, improved clinical status)
and are operator dependent.

Similar to surgical mesenteric vascular graft
placement, percutaneous transluminal angio-
plasty has a technical procedure success rate of
about 90% and short-term clinical success of
about 80%. Procedure-related mortality and the
major complication rate appear similar for
operative bypass grafting and percutaneous
transluminal angioplasty; long-term pain relief
is similar or better with grafting.

Splanchnic Aneurysms
Many splanchnic aneurysms contain only a
portion of the vessel wall; therefore, strictly
speaking these outpouchings should be called
pseudoaneurysms, yet the term aneurysm has
been adopted in most of the medical literature
and is used here.

The most common site for abdominal
aneurysms is in the splenic artery, although 
they occur widely. Detection of a splanchnic
aneurysm in a young patient should suggest
Ehlers-Danlos syndrome (57). Some patients
with multiple visceral artery aneurysms have
connective tissue fragility suggesting cystic
medial necrosis, even without clinical features
of Marfan syndrome; they are prone to excessive
hemorrhage during angiography and appear 
to be at increased risk for developing com-
plications during vascular catheterization 
procedures.

Pancreatitis and resultant pseudocysts lead 
to aneurysms in adjacent vessel. Other causes
include trauma, such as biopsy, and infection
resulting in mycotic aneurysms. Intestinal
tuberculosis is an occasional cause of a mesen-
teric artery aneurysm, generally manifesting as
massive gastrointestinal hemorrhage.

Many aneurysms calcify and are identified
with conventional radiography. In general, the
presence of rim calcifications suggests an
atheromatous origin rather than mycotic or
traumatic. Some of these aneurysms become
quite large. Noncontrast imaging reveals a fluid-
filled cavity similar to a cyst or abscess. Thus
prior to attempted drainage of a suspected cyst
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or abscess, at times it is worthwhile obtaining
Doppler US to exclude an aneurysm from the
differential diagnosis. Some aneurysms contain
a thrombus, making their identification even
more difficult.

Currently DSA is considered the gold stan-
dard in evaluating splanchnic aneurysms. Evi-
dence is accumulating that CTA is nearly as
accurate, but MRA is still in the background
although potentially it will evolve into a viable
alternative.

In general, once a visceral aneurysm is
detected, repair should be considered. Some
smaller aneurysms are followed with serial US.
These aneurysms tend to increase in size with
time and are at increased risk of rupture. Many
of these aneurysms undergo primary surgical
repair. Angiographic embolization is a viable
option but some surgeons still consider this
therapy only in the presence of a surgical 
contraindication.

Temporarily occlusion of a splanchnic
feeding vessel during transcatheter emboliza-
tion appears to decrease the risk of rupture and
bleeding during the procedure.

Celiac Artery

Aneurysms of the celiac artery are uncommon.
Most are associated with medial degeneration
and tend to be silent. These aneurysms can be
treated by embolization. Celiac artery occlusion
may be tolerated with such a technique as long
as patent collateral vessels are present.

Splenic Artery

Underlying atherosclerosis is common in
patients with splenic artery aneurysms. A
mycotic cause is rare. Prevalence of these
aneurysms is higher in women, and pregnancy
and multiparity appear to predispose to their
formation. Splenic artery aneurysms are
uncommon in the pediatric age group, with
most aneurysms in this age group being 
traumatic in origin. Portal hypertension in 
association with splenomegaly appears to 
predispose to splenic artery aneurysm forma-
tion. They also occur after liver transplantation.

Ultrasonography, MRI, and arteriography in
a man with Ehlers-Danlos syndrome, type IV,
identified kidney and liver cysts and splenic
artery and hypogastric artery aneurysms (58),

suggesting a common connective tissue defect
for these conditions.

Most splenic artery aneurysms are asympto-
matic until they rupture into the peritoneal
cavity or an adjacent structure, including the
bowel. They are prone to rupture during preg-
nancy, with rupture being most common during
the third trimester, leading to high maternal and
fetal mortality. Spontaneous rupture of splenic
artery aneurysms occurs after liver transplanta-
tion. A rare splenic artery aneurysm erodes into
the splenic vein and leads to portal hyperten-
sion. An occasional such patient develops a
mesenteric steal syndrome.

Splenic artery aneurysms can present as a
cystic tumor in the pancreatic tail; Doppler US
identifies arterial blood. Rupture into the pan-
creatic duct results in succus pancreaticus.

Most of these aneurysms are saccular in
outline. They are either intra- or extrasplenic in
location and occur most often in the distal
portion of the splenic artery (close to the
spleen). Their size varies considerably, with
larger ones being more prone to rupture.

Splenic artery aneurysms can be diagnosed
by Doppler US, CT, MRI, or angiography.
Gray-scale US does not detect them readily;
calcifications tend to produce artifacts. One 
limitation of Doppler US is that a completely
thrombosed aneurysm is missed.

Hepatic Artery

Hepatic artery aneurysms occur in the common
hepatic, right and left hepatic, or any branch
artery. Most are secondary to atherosclerosis;
less common etiologies include trauma, abscess,
or inflammation, such as pancreatitis. Rarer
causes are related to Marfan’s syndrome, Ehlers-
Danlos syndrome, lupus erythematosus, and
even von Willebrand’s disease (59). Some trau-
matic aneurysms are secondary to instrumenta-
tion, such as liver biopsy, or various attempts at
drainage procedures.

The major complication of hepatic artery
aneurysms is rupture, an event associated with
a high morbidity and mortality. Most bleeding
is intraperitoneal, or, with erosion into the 
duodenum, an upper gastrointestinal hemor-
rhage ensues. Occasionally an aneurysm evolves
into an arteriobiliary fistula and results in
hemobilia.
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Three-dimensional CTA is useful in detecting
and defining these aneurysms.

Although color Doppler US provides
aneurysm flow characteristics, angiography not
only defines its relationship with the hepatic
artery but also provides access for therapy.
These aneurysms are treated with Gianturco
coils, gelatin sponge, polyvinyl alcohol frag-
ments, occlusion with Ivalon particles, or 
other particles. Embolization controls bleeding
in most patients. Percutaneous transluminal
angioplasty is emerging as the preferred 
treatment modality for both intrahepatic and
extrahepatic saccular aneurysms, and such an
angioplastic technique has a high success rate.
Biliary sepsis, liver insufficiency, and gan-

grenous cholecystitis are some of the complica-
tions. An occasional patient with an intrahep-
atic aneurysm, however, requires a partial
hepatectomy.

Superior Mesenteric Artery

Aneurysms of the superior mesenteric artery
and its branches are not common. These are
often detected only after rupture. Some are
infected or are associated with intramural dis-
section. An aneurysm close to the origin of the
superior mesenteric artery was associated with
a tight stenosis of the celiac artery (60). These
aneurysms develop in patients with systemic
lupus erythematosus (Fig. 17.11).

Figure 17.11. Superior mesenteric artery aneurysm in a patient
with systemic lupus erythematosus. A: Contrast-enhanced CT
identifies a mesenteric aneurysm containing an enhancing lumen
(arrow), mural thrombus, and calcified rim. B: Longitudinal US
reveals the aneurysm continuous with the superior mesenteric
artery (arrows). C: T1-weighted MR image shows similar findings,
including a hypointense lumen (arrow). D: Selective angiogram
outlines the superior mesenteric artery, aneurysm (arrows) and
arteries arising from the aneurysm. (Source: Ko S-F, Hsien M-J, Ng
S-H, Wong H-F, Lee T-Y, Lee C-M. Superior mesenteric artery
aneurysm in systemic lupus erythematosus. Clin Imaging
1997;21:13–16, with permission from Elsevier.
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Superior mesenteric artery branch aneurysm
embolization using small coils is occasionally
performed.

Pancreaticoduodenal Arteries

The pancreaticoduodenal arteries have a greater
predilection for aneurysms than expected. For
unclear reasons a number of these aneurysms
are associated with stenosis or occlusion of the
celiac artery.

Some of these aneurysms are secondary to
pancreatitis, with a septic etiology or prior
trauma being postulated. Not all aneurysms
progress if left untreated. Still, these aneurysms
tend to rupture even when still small, bleed—
extraperitoneally or even into the duodenum—
and carry a high mortality rate.

These aneurysms are treated both by tran-
scatheter embolization and surgically, and 
some are left untreated. Nevertheless, for those
aneurysms associated with celiac axis stenosis,
correction of the latter condition should also be
considered. Surgical options include aneurysm
resection or even arterial ligation, although 
with rupture a partial pancreatectomy may be
required to control bleeding.

Other Aneurysms

Aneurysms are rare in the inferior mesenteric
artery. An occasional one is associated with
obstruction of the superior mesenteric or celiac
artery.

Less common sites for an aneurysm include
the gastroepiploic artery; rupture of these
aneurysms carries a high mortality rate. A gas-
troduodenal artery aneurysm developed a few
months after an episode of acute biliary pan-
creatitis (60). An occasional middle colic artery
aneurysm is reported. These aneurysms are also
embolized.

Small vessel aneurysms are rare, but a
mycotic source or periarteritis nodosa should
be suspected with some of them.

Dissection
A complication of transcatheter arterial
embolization is dissection of the feeding trunk.
With attempted transcatheter arterial emboliza-
tion of hepatocellular carcinomas, the two most

common sites of dissection are celiac artery 
and proper hepatic artery; long-term follow-up
of these dissections reveals recanalization in
approximately one third, a residual narrowed
lumen in another third, and complete obstruc-
tion in the rest.

A hepatic artery dissection is rare. Superior
mesenteric artery dissection is also rare. Three-
dimensional CT can identify the false lumen,
intimal flap, and both entry and exit points.

Portal Vein
Portal Hypertension

It should be kept in mind that some authors use
the term portal hypertension rather broadly and
include under this topic splenic vein obstruc-
tion and resultant gastric varices, a condition
without portal vein hypertension. Others use
left-sided portal hypertension and localized
portal hypertension to describe splenic vein
obstruction. Isolated splenic vein obstruction is
discussed in a later section. Some conditions,
such as splenic vein thrombosis extending into
the portal vein, involve both veins and are
covered in this section.

Pressure and Blood Flow Measurements

Normal portal venous pressure ranges from 5 to
10 mm Hg, which is 4 to 6 mm Hg higher than
inferior vena cava pressure. Portal hypertension
is said to be present if portal venous pressure
exceeds 10 mm Hg, is more than 5 mm Hg above
inferior vena caval pressure, or if splenic vein
pressure is more than 15 mm Hg. Clinically, a
useful assumption is that portal hypertension is
present if portal pressure is more than twice the
normal range, but keep in mind that the portal
vein–inferior vena cava pressure gradient is
more significant in evaluating portal hyperten-
sion than an actual pressure.

Mean normal portal vein blood velocity is
about 15 to 30 cm/sec and varies both with res-
piration and cardiac phase but is hepatopetal.
With portal hypertension venous blood flow
exhibits a complex pattern. For instance, in
some patients hepatopetal flow in the fasting
state changes to a to-and-fro flow after a meal
and then to hepatofugal flow.

Intraoperative flow measurements show that
hepatic artery blood flow is approximately two
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thirds that of the portal vein; hepatic artery 
flow increases significantly with temporary
occlusion of the portal vein. Theoretically,
percutaneous Doppler US should be able to
measure liver and portal venous blood flow;
in practice, blood flow measurements vary 
considerably.

Hepatic venous pressure gradients are
obtained by hepatic vein catheterization and
portal blood flow velocity and portal vein 
congestion index measured by duplex Doppler
US. No significant correlation exists between
venous pressure gradients and Doppler meas-
urements in patients with cirrhosis and portal
hypertension, but a significant linear correla-
tion is evident if patients with patent paraum-
bilical veins are excluded (61).

Duplex portal vein US in patients before TIPS
diagnosed portal hypertension with a 
sensitivity and specificity of 80% if a portal 
vein diameter >1.25 cm or portal vein velocity
<21 cm/sec were detected, but US could not
grade hypertension (62). On the other hand, in
cirrhotic patients portal blood velocity does not
differentiate between those with or without
endoscopic evidence of esophageal varices or
congestive gastropathy and, in general. Doppler
US cannot identify those cirrhotic patients at
risk for upper gastrointestinal bleeding.

Phase-contrast MRA has been used to
measure portal blood flow. In general, MRA
results correlate with data obtained by Doppler
US. Phase contrast MRA also provides azygos
vein flow changes during the cardiac cycle; flow
rates are considerably greater in patients with
chronic liver disease and portal hypertension
than in healthy individuals. Potentially, such
information aids in evaluating progression of
diffuse liver disease.

An endoscopic balloon technique measures
esophageal variceal pressure. This pressure cor-
relates only partly with portal venous pressure,
probably due to the presence of other collateral
channels.

Etiology and Pathogenesis

Occasionally portal hypertension is associated
primarily with increased portal blood flow, such
as an arterioportal fistula, but most often it
develops due to increased resistance to portal
venous blood flow. A rare malignant vascular
intrahepatic tumor leads to portal hyperten-

sion; these tumors result in increased portal
blood flow due to shunting, intrahepatic portal
obstruction caused by massive tumor growth, or
both. Occasionally portal hypertension is idio-
pathic (Banti’s syndrome).

Increased Flow

Portal hypertension due to increased blood flow
is most often a result of a systemic artery-to-
portal vein shunt, either intra- or extrahepatic
in location. These shunts, or fistulas, extend to
the splenic vein, superior mesenteric vein, or
portal vein, including its intrahepatic branches.
They can be congenital or acquired. A congeni-
tal artery-to-portal vein fistula should be sus-
pected with infantile portal hypertension. At
times portal hypertension manifests clinically
only years after a fistula is established.

Increased Resistance

Table 17.1 lists some of the causes of portal
hypertension due primarily to increased resist-
ance to portal blood flow. Of interest is that
portal venous pressure tends to be slightly ele-
vated in some disorders not usually associated
with portal hypertension. Thus portal pressure
is increased in patients with biliary obstruction,
decreasing after biliary decompression. Rarer
causes of prehepatic portal venous obstruction
include adenopathy at the liver hilum.A number
of patients with abdominal tuberculosis and
periportal adenopathy have portal hypertension
(63). Similarly, periportal lymphoid infiltration
in lymphoma or leukemia can result in portal
hypertension.

With presinusoidal intrahepatic obstruction
the hepatic vein wedged pressure is normal.
Thus patients with hepatic schistosomiasis have
hyperkinetic systemic and splanchnic circula-
tions but a normal hepatic venous pressure gra-
dient and hepatic blood flow; in those with
esophageal varices a normal hepatic venous
pressure gradient is indicative of presinusoidal
portal hypertension. Of note is that portal
hypertension in schistosomiasis patients is not
due to fibrosis only but is multifactorial; hemo-
dynamic values are not significantly different
between patients with and without liver fibrosis.
A rare cause of portal hypertension is portal
vein invasion by an intrahepatic peripheral
cholangiocarcinoma.
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Blood flow velocity decreases in a number of
liver diseases, and duplex Doppler US measure-
ments of blood flow are useful in evaluating
disease progression. Increased intrahepatic
resistance to flow in patients with chronic liver
disease is due not only to intrahepatic morpho-
logic changes but also to a dynamic constriction
of the intrahepatic portal drainage bed, believed
to be due to decreased synthesis of nitrous oxide
in the intrahepatic circulation. Complicating
this issue, patients with portal hypertension
have increased portal blood flow due to splanch-
nic arteriolar vasodilation. Endothelins and
poorly understood neural and humoral regula-
tion, in part mediated by vasodilators, appear to
play a role in increasing intrahepatic vascular
resistance. Plasma endothelins, potent systemic
and portal vasoconstrictors, are elevated in

patients with bilharzial and postviral chronic
liver diseases with portal hypertension; a posi-
tive correlation exists between plasma endothe-
lin levels and portal vein diameter. On a
systemic basis, peripheral arterial vasodilation
and an increase in cardiac output ensue in
patients with chronic liver disease.

Patients with mixed connective tissue disease
(collagen vascular disease) can develop
sufficient periportal fibrosis to cause portal
hypertension and esophageal varices. Patients
with advanced Gaucher’s disease type I and a
noncirrhotic liver develop portal hypertension.
These patients have extensive confluent central
hepatic fibrosis, which presumably is responsi-
ble for their portal hypertension (64), although
Gaucher’s cells compressing liver sinusoids and
thus increasing resistance to flow is probably
also a factor. Extensive perisinusoidal amyloid
infiltration will also lead to portal hypertension.

Liver involvement in cystic fibrosis increases
with age.With increasing survival, some of these
individuals develop biliary cirrhosis and even-
tual portal hypertension. A liver transplantation
is a viable option provided that adequate pul-
monary function has been maintained.

A rare patient with sclerosing peritonitis and
extensive liver capsule fibrosis develops portal
hypertension even with a patent portal vein;
the capsule fibrosis presumably prevents
hepatomegaly and any liver disease leads to a
sufficient increase in intrahepatic pressure to
compress intrahepatic portal vein and hepatic
vein branches and results in portal hyperten-
sion. Some patients with autosomal dominant
polycystic kidney disease and extensive hepatic
fibrosis also develop portal hypertension; in
some, distortion of intrahepatic portal vein
branches by extensive hepatic cysts is sufficient
to produce portal hypertension.

An association of portal hypertension and
pulmonary hypertension exists in patients with
underlying liver cirrhosis and those with mixed
connective tissue disease. The pulmonary
findings are similar to those found in primary
pulmonary hypertension.

In long-term surviving neonates with biliary
atresia who undergo hepatic portoenterostomy
(Kasai operation), about half develop portal
hypertension (65); the incidence of subsequent
portal hypertension is significantly lower in
those with a serum bilirubin <2 mg/dL at 3
months postsurgery than in those with a biliru-

Table 17.1. Causes of portal hypertension (due to increased
vascular resistance)

Prehepatic
Portal venous system thrombosis
Extrinsic portal compression or tumor invasion
Congenital atresia or thrombosis

Intrahepatic
Presinusoidal

Conditions leading to diffuse hepatic fibrosis
Gaucher’s disease type 1
Polycystic kidney disease and hepatic fibrosis
Mixed connective tissue (collagen vascular) 

disease
Primary biliary cirrhosis
Schistosomiasis

Postsinusoidal
Laënnec’s cirrhosis

Tumor infiltration, such as by a hepatocellular 
carcinoma

Amyloidosis
Systemic lupus erythematosus
Hepatitis and hepatic failure
Diffuse intrahepatic portal venous system 

thrombosis
Distal biliary obstruction
Biliary atresia patients post-portoenterostomy (Kasai 

operation)
After renal transplantation
Systemic mastocytosis
Idiopathic

Posthepatic
Budd-Chiari syndrome
Congestive (right) heart failure
Inferior vena caval obstruction
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bin level >2 mg/dL. Among those developing
portal hypertension, esophageal varices were
discovered between 11 months and 5 years of
age in more than 70% of children, while throm-
bocytopenia tended to develop at a slightly
older age.

The etiology of Banti’s disease, consisting of
anemia, splenomegaly, and portal hypertension,
is unclear. Portal hypertension is considered 
to be idiopathic. A rare patient develops 
portal hypertension several years after renal
transplantation; their portal venous pressure
decreases and esophageal varices clear after
splenectomy.

In some studies of noncirrhotic portal hyper-
tension an idiopathic etiology continues to be a
prominent feature.

Clinical Aspects

Portal hypertension is assessed by measuring
hepatic venous pressure gradient, a technique
that is the gold standard in planning subsequent
hemodynamic therapy. Nevertheless, portal
hypertension is often assumed to be present if
portal vein collaterals are detected. Thus the
presence of distal esophageal varices is gener-
ally taken to be presumptive evidence of portal
hypertension. Splenomegaly may or may not 
be present in adults, although splenomegaly is
more common in children.

A typical scenario with Laënnec’s cirrhosis is
an increase in intrahepatic resistance to portal
blood flow, opening of collateral vessels, and a
decrease in portal blood flow to the liver.A com-
pensatory increase in hepatic artery blood flow
develops, but due to postsinusoidal obstruction
some of this arterial blood is diverted to the
portal vein and eventually portal vein blood
flow reverses direction (hepatofugal flow).
Doppler US in patients with cirrhosis reveals 
a significant decrease in portal flow with a 
worsening Child’s grade of cirrhosis; patients
with ascites and encephalopathy also have a
significantly lower portal blood flow rate com-
pared to those without these abnormalities.

Some patients with portal hypertension
develop large esophageal varices, while others
have small varices or none. Likewise, the preva-
lence of nonesophageal portosystemic collater-
als varies. Some develop both large esophageal
varices and nonesophageal portosystemic 
collaterals.

Physical exercise in patients with liver cir-
rhosis and portal hypertension increases 
portal pressure and reduces hepatic blood flow
and thus appears to increase risk of variceal
bleeding.

Splenic artery occlusion will mask underly-
ing portal hypertension.

A portosystemic shunt reverses gastropathy
in most patients with noncirrhotic portal
hypertension; in these patients it is presumably
venous congestion that causes gastropathy,
realizing that gastric mucosal capillary dilation
does not signify portal hypertension.

Imaging

The thoracic duct caliber increases in cirrhosis.
No direct relationship is apparent between the
degree of portal hypertension and the caliber of
this duct. The distal end of this duct in the left
supraclavicular region can be visualized with
US in most patients.

CT is insensitive in detecting hepatofugal
flow in the main portal vein in patients with 
cirrhosis. On the other hand, a main portal vein
diameter of <1 cm is highly specific for
hepatofugal flow (66).

Doppler US provides a measure of hepatic
artery and portal vein pulsatility. Normally the
hepatic artery has pulsatile flow, but portal
venous blood is nonpulsatile with only minor
cardiac and respiratory effects. A significant
increase in hepatic artery pulsatility occurs in
patients with end-stage liver disease. The
hepatic veins, on the other hand, are dampened
in cirrhosis and their appearance approaches
that of the portal vein.

Detection of portosystemic collateral vessels
is often used as proof for portal hypertension
(Fig. 17.12). A collateral vein within the liga-
mentum teres is relatively common and is
detectable with Doppler US. One should keep in
mind, however, that in a minority of normal
individuals Doppler US detects blood flow in a
paraumbilical vein; velocity increases in portal
hypertension and flow extends anterior to the
liver surface, a finding not seen normally.
Inferior vena cava dilation is also often found in
patients with cirrhosis and portal hypertension.

In a setting of portal hypertension, contrast-
enhanced 3D MRA is currently the imaging
modality of choice in evaluating portal blood
flow and portal vein anatomy. Subtracting the
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arterial phase from venous phase data aids in
visualizing blood flow patterns and shunts using
several viewing projections.

Discrepancies exist between Doppler US and
contrast-enhanced MRA in assessing portal
vein anatomy. Detection of portal vein patency,
especially of intrahepatic portal vein branches,
is more accurate with MRA. Splenorenal shunts
and varices are better detected with MRA.

Portal Vein Obstruction/Thrombosis

A rare cause of portal hypertension is partial
obstruction by a portal vein web or membrane.
The etiology of these webs is not clear.

Clinical Aspects

Infection, neoplasm, and a hypercoagulable
state are associated with portal vein thrombo-
sis. Blood stasis due to decreased flow presum-
ably plays a role in thrombosis developing in a
setting of portal hypertension. The reverse is
also true, namely, portal vein thrombosis leads
to portal hypertension. At times splenic vein
thrombosis extends into the portal vein.

The most common cause of massive gas-
trointestinal bleeding in children is from portal
hypertension–induced varices secondary to
portal vein thrombosis. Splenomegaly is com-
mon in children with portal vein thrombosis.
Their liver is normal. In most children throm-
bosis is considered to be idiopathic, although
prior umbilical vein catheterization or omphali-
tis play a role. Prior umbilical sepsis, even at
birth, should be suspected in the child or young
adult who develops portal hypertension with no
obvious underlying cause. In an interesting US
study of 100 neonates with umbilical vein
catheterization, clinically silent portal venous
thrombosis was detected in 43% (67); follow-up
US revealed complete or partial resolution in
only about half, with a correlation found
between initial thrombus size and subsequent
clot resolution. Significant risk factors for
thrombosis were catheterization for >6 days and
blood transfusion.

Some of the conditions associated with portal
vein thrombosis are listed in Table 17.2. Patients

Figure 17.12. Major pathways of portosystemic venous 
shunting in portal hypertension. E, esophageal varices; P,
paraumbilical veins; R, rectal veins; S, splenorenal veins. Reversal
of flow occurs in the coronary vein (C) and inferior mesenteric
vein (I).

Table 17.2. Conditions associated with portal vein thrombosis

Children
Idiopathic
Prior umbilical vein catheterization
Prior omphalitis
Homocystinuria

Adults
Idiopathic
Inflammation

Pancreatitis
Ascending cholangitis
Ulcerative colitis
Crohn’s disease
Adjacent abscess
Tuberculosis involving porta hepatis lymph nodes
Primary hepatic actinomycosis
Penetrating peptic ulcer

Neoplasm
Pancreatic and liver carcinomas
Gastric carcinoma
Bladder carcinoma

Posttherapy
After hepatocellular carcinoma therapy
After splenectomy
Gastric variceal therapy

Other
Hypercoagulation state
Behçet’s disease
Postpartum
Myeloproliferative syndromes
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with a hepatocellular carcinoma are prone to
developing portal vein thrombosis, with the
thrombus often consisting of tumor encroach-
ing into portal vein branches rather than being
nonneoplastic. Thrombi develop after hepato-
cellular carcinoma therapy with percutaneous
ethanol injection. Fine-needle biopsy of a portal
vein thrombus is useful in some patients with
hepatocellular carcinoma to identify a neoplas-
tic thrombus if results will influence patient
management.

Portal, splenic, and superior mesenteric vein
thrombosis is an occasional complication after
splenectomy. Most of these patients are symp-
tomatic and an occasional one even develops an
acute abdomen. Some authors suspect that
endoscopic variceal sclerotherapy predisposes
to portal vein thrombosis, although controlled
evidence is lacking.

Portal vein thrombosis should be suspected 
if a patient with Behçet’s disease develops
splenomegaly. These patients often have cav-
ernous transformation of the surrounding
vessels. Patients with homocystinuria, a rare,
inherited metabolic disease, are at risk for 
arterial and venous thromboemboli, including
portal vein thrombosis.

In a setting of portal vein thrombosis, an
anomalous insertion of the right gastric vein
maintains hepatopedal blood flow if the inser-
tion is at the portal vein bifurcation or intra-
hepatically (distal to the thrombus). Such an
anomalous right gastric vein insertion is a
pathway for TIPS placement.

Ultrasonography mass screenings can detect
extrahepatic portal venous obstruction in
asymptomatic patients.

Imaging

Portal vein thrombosis can be assessed with
contrast-enhanced CT, gray-scale and Doppler
US, contrast-enhanced MRI, and angiography
(Fig. 17.13). Most benign thrombi do not widen
the portal vein caliber, while a malignant throm-
bus often does. Also, blood flow (neovascular-
ity) is present in about half of malignant
thrombi but not in benign ones.

Contrast-enhanced CT detection of portal
vein thrombosis approaches 100% by visualiz-
ing an intraluminal thrombus. These thrombi
often extend into the splenic and superior
mesenteric veins. Coronal or sagittal 3D recon-

struction often provides an overall view of these
thrombi.

Established portal vein thrombosis often
results in a hypodense liver on precontrast CT
scans, presumably secondary to fat accumula-
tion. Segmental atrophy develops in an involved
segment. The proportion of blood supplied by
the hepatic artery increases and as a result post-
contrast liver CT shows increased enhancement
during the late arterial phase and decreased
enhancement during the venous phase. Seg-
mental intrahepatic portal vein thrombi result
in transient wedge-shaped parenchymal defects
showing increased enhancement during the
arterial phase.

Postcontrast CT reveals a benign thrombus as
a tubular low-density intraluminal tumor. At
times enhancing collateral vessels are evident
(cavernous transformation). A thrombus in a
nonoccluded portal vein is seen as a nonen-
hancing tumor surrounded by contrast
enhanced venous blood. Mesenteric edema and
mesenteric varices are evident in some patients
even without a thrombus extending into the
superior mesenteric vein. On a chronic basis, CT
identifies a cord-like sclerotic portal vein or
portal vein calcifications.

Some of these patients develop arterioportal
shunts, seen as segmental intrahepatic portal
vein enhancement during arterial CT phase.

Controversy surrounds the role of US.
Gray-scale US reveals a portal vein thrombus as
an intraluminal tumor or abnormal intralumi-
nal echoes. A thrombus ranges from focal to
diffuse. Gray-scale US does not detect an ane-
choic clot, and Doppler US is necessary for
these.With complete extrahepatic portal throm-
bosis, Doppler US reveals an absent portal vein
lumen except for a hyperechoic band from
which no flow is detected. Usually the site of
obstruction can be established. Doppler US
evaluates residual blood flow in patients with
partial obstruction. Ultrasonography is more
problematic in differentiating a benign from a
malignant portal vein thrombus in a setting of
cirrhosis. Doppler US detection of pulsatile flow
in the thrombus is rather specific in diagnosing
a malignant thrombus but at the expense of a
lower sensitivity, although published results
vary considerably. In general, the presence of
pulsatile arterial flow, detected by Doppler 
US, is assumed by some to obviate a need for
percutaneous biopsy of the thrombus to estab-
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lish a definitive diagnosis. Continuous flow, on
the other hand, is seen with both benign and
malignant thrombi. With slow portal vein 
blood flow Doppler US reveals no flow, but no
thrombus is detected by gray-scale US. In

patients with portal vein thrombosis Doppler
US reveals a significantly lower mean hepatic
artery resistive index than controls; such a lower
resistive index is a secondary sign of portal vein
thrombosis.

Figure 17.13. Portal vein thrombosis in a man with cirrhosis. A 3D magnetic resonance angiography (MRA) coronal maximum inten-
sity projection (A) and coronal portal venous phase image (B) identify partial portal (1), splenic (2) and superior mesenteric (3) vein
thromboses. C: DSA intraarterial splenoportography shows a collateral portal vessel (arrow). D: Mesenteric portography show portal
vein thrombosis (small arrow), and retrograde flow is identified in the inferior mesenteric vein (large arrow). For full evaluation both
MRA and DSA were necessary in this patient. (Source: Kreft B, Strunk H, Flacke S, et al. Detection of thrombosis in the portal venous
system: comparison of contrast-enhanced MR angiography with intraarterial digital subtraction angiography. Radiology
2000;216:86–92, with permission from the Radiological Society of North America.)
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Published studies favor MR over US. MRI
detects more occlusion or encasement of
smaller portal vein branches than US, although
occasionally the reverse is true. In general, MRI
provides additional information over US in 
preoperative assessment of the portal venous
system and MRA achieves a sensitivity and
specificity similar to intraarterial DSA in assess-
ing portal venous system patency or thrombo-
sis in patients with portal hypertension (68). In
fact, contrast enhanced 3-D MRA is emerging as
the method of choice for studying the portal
venous system in patients with portal hyperten-
sion, and thus potentially could replace DSA for
this application.

Flowing blood within the portal vein appears
as a void on both T1- and T2-weighted MR
images. A thrombus appears similar to intralu-
minal soft tissue, although slow flow has a
similar appearance (Fig. 17.14). On contrast-
enhanced MR the normally hyperintense intra-
luminal blood is replaced by a hypointense
thrombus. At times enhanced collateral circula-

tion is identified. Any enhancing vessels within
the thrombus suggest malignant infiltration.

Occlusion of an intrahepatic portal vein
branch results in a peripheral wedge-shaped
hyperintense segment on immediate contrast-
enhanced MR due to a compensatory increased
arterial blood supply. This segment gradually
becomes isointense. One should keep in mind,
however, that contrast-enhanced MRI reveals a
signal-intensity decrease in some right (8%)
and left (9%) portal vein branches and portal
vein (6%) during the equilibrium phase (69);
these flow artifacts tend to mimic a portal
venous thrombosis.

Portal Vein Cavernous Transformation

Cavernous transformation represents for-
mation of venous channels either within a
thrombosed portal vein or in surrounding
extraperitoneal tissues. Some fresh portal vein
thrombi recanalize within days, but cavernous
transformation of surrounding vessels, consist-

Figure 17.14. Portal vein artifact. A–C: Contrast-enhanced gradi-
ent-recalled echo (GRE) MR images at equilibrium phase suggest
portal vein thrombi (arrows). Postcontrast CT showed no thrombi
(not shown). (Source: Nishibori H, Kanematsu M, Kondo H, Matsuo
M, Hoshi H. Pseudothrombosis in the portal venous system: a
potential pitfall with gadolinium-enhanced dynamic gradient-
recalled echo imaging of the liver. J Magn Reson Imaging
2000;12:763–768, with permission of Wiley-Liss, a subsidiary of
John Wiley & Sons.)
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ing of a sponge-like mass of collateral vessels
around the main portal vein, takes several
weeks. Collateral circulation develops via two
pathways: First, portosystemic shunting such as
through a left gastric vein and these por-
tosystemic collaterals usually imply that portal
hypertension is present. Second, portoportal
channels develop and extend into intrahepatic
portal venous branches. Cavernous transforma-
tion is associated with such conditions as
chronic pancreatitis, tumor infiltration, and
intraabdominal sepsis.

In a Spanish study of patients with cavernous
transformation, predisposing factors were
omphalitis, echinococcal cyst, major abdominal
surgery, cirrhosis, Sjögren’s syndrome, and 
idiopathic (70). A hydatid cyst in the porta
hepatis can lead to cavernous transformation.
The extent of collateralization varies consider-
ably but tends to be more prominent with more
chronic portal vein thrombi. Thus patients with
portal vein thrombosis during childhood can
eventually develop an extensive cavernous
transformation involving adjacent structures.
Many patients with congenital hepatic fibrosis
have cavernous transformation of the portal
vein.

Biliary veins (cystic and paracholedochal)
represent an alternate blood flow pathway in
cavernous portal vein transformation, and thus
it is not uncommon to see numerous serpigi-
nous extrinsic bile duct indentations. These 
bile duct varices can compress the extrahepatic
bile ducts to the point of inducing biliary
obstruction.

Of interest is that in most patients with 
cavernous transformation of the portal vein 
the pancreatic duct is smaller than normal, pre-
sumably due to pancreatic venous congestion.

In patients with cavernous transformation of
the portal vein confirmed by angiography, color
Doppler US detected the transformation in 93%,
B-mode US in 64%, and contrast-enhanced CT
in 50% of patients (71); color Doppler US was
superior to B-mode US in identifying collateral
channels.

Therapy

Treatment with heparin alone can result in
recanalization of acute portal venous thrombo-
sis. A number of case reports suggest that either
intraportal plasminogen infusion or such
therapy as plasminogen activator and urokinase

through a transjugular intrahepatic catheter
approach to the portal vein have dissolved
thrombi.

Transjugular intrahepatic portosystemic
shunting and thrombolysis appear to be viable
therapy in patients with noncavernomatous
portal vein thrombosis in order to increase
portal output and restore portal blood flow;
patent shunts can be achieved, although those
with an initial complete thrombosis require
more frequent shunt revisions than those with
incomplete obstruction. Some of these patients
continue to be symptomatic despite a function-
ing TIPS.

Few surgical options exist for chronic portal
vein thrombosis. Lysis and thrombus aspiration,
portal vein stenting, and TIPS are potential
options.

Collateral Veins

Portosystemic Shunts

Extrahepatic portosystemic shunts are rare in
absence of portal hypertension and in such a
setting a congenital shunt origin is likely. An
extrahepatic shunt, together with intrahepatic
portal venous hypoplasia, generally implies a
congenital basis. Some of these shunts in
patients without portal hypertension can be
rather large. Some are associated with hepatic
encephalopathy and after successful shunt
embolization encephalopathy clears.

In portal hypertension, for significant collat-
erals to open, the portocaval pressure gradient
needs to be >12 mm Hg. Initially, as develops, the
portal vein caliber increases, but the caliber
tends to decrease once shunts start to form.

Traditionally conventional angiographic por-
tography was used to evaluate portosystemic
shunts, but 3D helical CT portography appears
to be equal to and at times even superior to
angiography (72). Results of CT portography
can be used to plan therapy.

Esophagogastric Shunts: Esophageal and
gastric fundal varices represent the most
common spontaneous portosystemic shunts. A
common pathway is from the portal vein,
through the left gastric vein (also called the
coronary vein) and into the gastroesophageal
veins (varices). A common drainage path for
these paraesophageal varices is via veins around
the aorta into the hemiazygous vein. An alter-
nate path is via a vein located anterior to the
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inferior vena cava (precaval vein) and into the
inferior vena cava.

Doppler US in the presence of these shunts
reveals reversal of flow in the left gastric vein. A
parallel pathway is from the splenic vein via the
short gastric veins, which tend to dilate. Imaging
detection of a dilated coronary vein implies
either portal hypertension or splenic vein
obstruction. The latter condition, of course,
does not result in esophageal varices.

Splenomegaly is common in portal hyperten-
sion and the presence of esophageal varices, but
little or no correlation exists between splenic
size and size of esophageal varices.

Therapy and the resultant imaging of esoph-
agogastric shunts are discussed in Chapters 1
and 2.

Intrahepatic Shunts: Spontaneous intrahep-
atic portal vein-to-systemic vein shunts are rare
in a nondiseased liver. If present, aside from
paraumbilical veins, they do not necessarily
imply that portal hypertension is present; these
shunts develop in either the right or left lobe
and consist of either a single dilated vessel or
multiple small veins. In the liver the left portal
vein forms anastomoses with veins in the liga-
mentum terres and ligamentum venosum.

Gray-scale US reveals shunts as typical ane-
choic structures. Color Doppler US establishes
flow patterns, such as bidirectional flow. Some
shunts have a continuous flat portal vein flow
pattern in both the shunt and the related hepatic
vein. Computed tomography and MRI simply
show abnormal vascular channels.

Patients with large intrahepatic portosys-
temic venous shunts develop hepatic encephalo-
pathy. In symptomatic patients these shunts can
be embolized using various coils and detachable
balloons (73); retrograde transcaval obliteration
is least invasive in treating simple portosystemic
venous shunts.

Paraumbilical Collaterals: Paraumbilical
veins are relatively common collaterals (Fig.
17.15). Rather than a single vein, it is usually a
collection of veins close to the original obliter-
ated paraumbilical vein. Located in the liga-
mentum teres, it connects the left portal vein
and systemic abdominal wall collaterals and,
when present, it is detected by US and the flow
is established with Doppler US. Spontaneous
formation of dilated umbilical veins should
suggest portal hypertension (Cruveilhier-
Baumgarten syndrome). Some patients develop
a venous hum and a caput medusae. Occasion-

ally esophageal variceal sclerotherapy in a
patient with idiopathic portal hypertension
leads to portal vein thrombosis at the origin of
the umbilical vein and the disappearance of the
venous hum and dilated abdominal wall veins
characteristic of Cruveilhier-Baumgarten 
syndrome.

Why some patients develop markedly dilated
paraumbilical veins rather than other collaterals
is not known. In general, those having hepatofu-
gal paraumbilical flow greater than hepatopetal
portal vein flow tend not to develop esophageal
varices. Turbulent flow is identified in some
patients.

A dilated paraumbilical vein most often
drains via the inferior epigastric vein into the
external iliac vein. Less common is drainage via
the superficial epigastric vein into either the
internal thoracic vein or saphenous vein, path-
ways identifiable with color Doppler US.

Other Collaterals: The azygos vein, which
drains esophageal varices, dilates in a setting 
of portal hypertension and esophagogastric
varices. Endoscopic US visualizes this vein; its
caliber is increased and maximal azygous vein
blood velocity is greater in patients with varices
compared to controls. An occasional large
splenic vein-to-azygos vein shunt is detected in
a noncirrhotic patient, presumably on a con-
genital basis. Similarly, spontaneous left gastric
vein to left renal vein shunts can occur, often in
a portal hypertension setting.

Figure 17.15. Effect of shunting via the paraumbilical vein (P).
Hepatopetal portal vein (PV) flow is still maintained, but flow is
reversed in the intrahepatic portal vein branches.
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Less often encountered are gastroepiploic
and splenorenal collaterals and shunting from
the inferior mesenteric vein to the inferior hem-
orrhoidal veins (Fig. 17.16). A spontaneous
shunt involving the right renal vein is rare.
Likewise, portosystemic collaterals through
duodenal and other extraperitoneal structures
are uncommon.

Colonic variceal bleeding is rare, but at times
is massive. Several studies suggest that colonic
varices tend to become more prominent after
successful sclerotherapy of esophageal varices
and the resultant obliteration of coronary-
azygous venous anastomoses.

The prevalence of mesenteric varices in
portal hypertension is not known. Rupture of a
mesenteric varix is a rare cause of hemoperi-
toneum. In patients with ascites and mesenteric
varices, bleeding into the peritoneal cavity can
follow large-volume paracentesis, possibly
induced by the sudden decrease in intraperi-
toneal pressure due to fluid withdrawal.

In general, MRI detects more varices in more
patients than does US.

In addition to endoscopic obliteration of
esophagogastric varices (by sclerotherapy and
other procedures), portosystemic shunts can be
embolized. Such embolization generally helps
control hepatic encephalopathy after the failure
of medical management. In a setting of a large
portosystemic shunt with considerable superior
mesenteric venous blood flowing through the
shunt, shunt obliteration tends to improve liver
function.

Therapy of Portal Hypertension

Medical Therapy
In a patient with cirrhosis who bled, what are
the relative roles of propranolol and sclerother-
apy in preventing rebleeding and on survival? A
meta-analysis of nine randomized trials con-
cluded that the mean percentage of patients free
of variceal rebleeding was 39% in the propra-
nolol group and 55% in the sclerotherapy group,
but that adverse events were higher in the scle-
rotherapy group (74); the mean survival rate,
however, did not differ significantly. In this sub-
group of patients, although sclerotherapy is
more effective than propranolol in preventing
variceal rebleeding, the authors suggest that
propranolol is the preferred therapy for pre-
venting rebleeding.

Beta-blocking agents reduce portal venous
pressure in cirrhotic patients, although the
results are somewhat idiosyncratic. The goal is
to reduce the portal pressure gradient below 12
mm Hg. Beta-blockers do not achieve such pres-
sure reductions in some patients, and their use
is thus limited as prophylactic agents. A reduc-
tion in portal pressure appears to be potentiated
by combining beta-blockers and isosorbide-5-
mononitrate.

Both flow velocity and pulsatility index are
obtained with Doppler US, although US is of
limited value in discriminating good from poor
responders to medical therapy (61).

Rectal Tc-99m–pertechnetate scintigraphy of
collateral blood flow from the inferior mesen-

Figure 17.16. Retroperitoneal shunt. A: Postcontrast CT shows tortuous, dilated vessels adjacent to left kidney (arrows). B: Coronal
maximum intensity projection CT portal venography detects a tortuous shunt (arrows) communicating with left renal vein. (Source:
Kang HK, Jeong YY, Choi JH, et al. Three-D multi-detector row ct portal venography in evaluation of portosystemic collateral vessels
in liver cirrhosis. RadioGraphics 2002;22:1053–1061, with permission from the Radiological Society of North America.)
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teric vein shows that propranolol in cirrhotics
does reduce shunting; this response to propra-
nolol appears to depend on the severity of liver
disease.

Esophageal and gastric variceal sclerotherapy
or variceal ligation helps control variceal 
bleeding but, theoretically at least, should not
reduce portal hypertension. Nevertheless, portal
venograms performed before and after variceal
ligation reveal that although in a majority of
patients portal pressure does increase, in a
minority the pressure decreases, presumably
due to the opening of other major collaterals.

Surgical Therapy

The ideal therapy of portal hypertension due to
cirrhosis is liver transplantation, a procedure
both complex and controversial.

Any abdominal surgery in a patient with
varices is fraught with bleeding complications.
Preoperative CTA, including 3D reconstruction,
is very useful in outlining collateral vascular
channels, especially in unusual locations, prior
to shunting.

A portocaval shunt is performed either end-
to-side or side-to-side. The former diverts all
portal blood away from the liver. Some surgeons
prefer a mesocaval interposition shunt using 
a graft between the superior mesenteric vein
and vena cava, but a distal splenorenal shunt
(Warren shunt) is performed more often (Fig.
17.17). The number of these procedures has
decreased considerably since the advent of
TIPS.

Shunt stenosis or occlusion should be sus-
pected if recurrent variceal bleeding occurs
after a surgically constructed shunt. Doppler US
evaluates the patency of these shunts in most
patients by detecting flow in both limbs and
through the anastomosis. Percutaneous tran-
scatheter angioplasty, and if necessary stent
insertion, is worthwhile if shunt stenosis or
occlusion is detected, but keep in mind that
angioplasty of stenotic surgical shunts carries a
risk of encephalopathy.

The Sugiura procedure consists of esophageal
transection and esophagogastric devasculariza-
tion, with a splenectomy also included by some
surgeons. Hepatic function tends to worsen
immediately postoperatively after a modified
Sugiura operation but then improves. In
patients with previous variceal bleeding, a

modified Sugiura procedure results in some-
what greater survival rate than a portosystemic
shunt. Esophageal transection does not cure
esophageal varices, and in most patients they
recur in time. New collaterals are also common
at other sites.

Transjugular Intrahepatic Portosystemic
Shunting (TIPS)

Clinical Aspects: One reason why surgical por-
tosystemic shunting is not performed more
often is difficulty in predicting which patients
will progress with their hepatic failure or
develop significant encephalopathy. An ortho-
topic liver transplantation, on the other hand,
although having its own morbidity and mortal-
ity, is not associated with subsequent hepatic
failure or encephalopathy. In a setting of an
acute variceal bleed, however, liver transplanta-
tion is often impractical and it is in this setting
that TIPS evolved as a viable alternative to sur-
gical portosystemic shunting. From a practical
point of view, TIPS is less invasive than a surgi-
cal portosystemic shunt.

A relatively high prevalence of portal vein
thrombosis is found in patients with portal

Figure 17.17. Effect of splenorenal shunt. Splenic vein (SV) and
part of superior mesenteric vein (SMV) blood are shunted into
the left renal vein (RV). Hepatopetal flow is still maintained in
the portal vein (PV) and intrahepatic branches, in spite of a
patent paraumbilical vein (P).With further increase in intrahep-
atic resistance portal vein flow will eventually reverse.
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hypertension. It thus seems prudent to search
for portal vein thrombosis, such as with 
contrast-enhanced CT, prior to TIPS. A finding
of an extensive portal vein, splenic vein, and
superior mesenteric vein thrombus renders
TIPS meaningless.

Currently, TIPS is the therapy of choice for
portal hypertension–associated complications
in most patients. It decompresses the portal
system by creating a side-to-side portosystemic
anastomosis. It decreases portal hypertension
without the associated mortality and morbidity
of a laparotomy, but at the same time introduces
its own complications. The current primary
indications for TIPS consist of acute variceal
hemorrhage not amenable to medical manage-
ment, prevention of recurrent variceal bleeding,
and refractory ascites due to portal hyperten-
sion. Less common indications include Budd-
Chiari syndrome and cirrhotic hydrothorax. In
patients with end-stage cirrhosis, TIPS gains
time, and once the patient is stable an elective
liver transplantation can be performed. In
patients with portal hypertension-associated
colopathy, TIPS controls bleeding from
angiodysplasia-like colonic lesions. It is effective
in high-risk patients with continued bleeding
from esophagogastric varices despite scle-
rotherapy or failure of surgical shunting.
Massive bleeding from peristomal ileal conduit
varices has been successfully treated with TIPS
(75). In a number of patients with varices and a
malignancy, TIPS aids subsequent surgery. Thus
control of esophagogastric varices allows tran-
scatheter hepatic segmental artery chemoem-
bolization of a hepatocellular carcinoma.
Similarly, TIPS in a patient with esophageal
varices and an esophageal carcinoma decreases
portal venous pressure and lessens the risk of
hemorrhage during subsequent carcinoma
therapy.

One subgroup of patients consists of those in
whom endoscopic sclerotherapy for acute
variceal bleeding fails and TIPS is requested 
on an emergency basis. These are high-risk
patients. One study reported a 30-day mortality
of 50% in emergency TIPS patients compared to
7% for elective TIPS (76). TIPS may not be
justified in patients with uncontrolled acute
variceal bleeding and advanced liver disease,
sepsis and multiorgan failure.

Current evidence suggests that preoperative
TIPS does not directly affect subsequent liver

transplantation; TIPS neither hinders nor 
facilitates surgery, nor influences postoperative
survival. Subsequent transplantation operative
time and transfusion requirements do not differ
from those without TIPS. Malpositioned shunts,
on the other hand, do interfere with subsequent
orthotopic liver transplantation. They interfere
with cross-clamping at the usual vascular sites
during liver transplantation and prolong
surgery and in such a situation the transplant
team should be made aware of a shunt 
malposition.

Although the experience with TIPS has been
limited, it is feasible and appears as safe in chil-
dren as in adults, although it is technically more
difficult in children and takes longer. Only
limited experience is available in infants and
younger children.

Secondary hypersplenism is commonly asso-
ciated with portal hypertension and these
patients often have leukopenia and thrombocy-
topenia; TIPS tends to improve secondary
hypersplenism.

Technique: Prior to performing TIPS, inter-
ventional radiologists prefer to outline the
hepatic vascular anatomy, determine the portal
venous blood flow direction, and detect any
underlying collateral shunts. These factors can
be evaluated by several imaging techniques.
Overall, MRI appears to provide more useful
information than CT or US.

In experienced hands a TIPS shunt is
installed in approximately 2 hours. It is per-
formed using conventional angiographic tech-
niques of angioplasty and a transjugular venous
approach, the hepatic veins are catheterized and
used to create an intrahepatic shunt between a
portal vein branch and a systemic hepatic vein.
It is a side-to-side portocaval shunt (Fig. 17.18).
Color Doppler US during the procedure aids in
selecting the most appropriate veins for punc-
ture. If necessary, transjugular cholangiography
defines underlying biliary anatomy. Postproce-
dure Doppler US evaluates shunt patency.

During TIPS, the catheter and guidewire pass
through the right atrium, and thus cardiac
arrhythmias are to be expected. Even in patients
with no known underlying heart or electrolyte
abnormality, nonsustained ventricular tachy-
cardias are common.

An ideal shunt diameter is one that maintains
the patient’s liver function, preprocedure
varices or ascites resolves, and no hepatic
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encephalopathy develops. A too-small shunt
does not reduce the portosystemic pressure gra-
dient enough to correct an underlying abnor-
mality (Fig. 17.19). An overgenerous shunt, on
the other hand, risks hepatic encephalopathy.
Also, larger-caliber Wallstents have decreased
radial strength and yield poorer results. The

optimal shunt diameter is estimated before the
procedure from the patient’s hepatic reserve,
presence of encephalopathy, and potential for
bleeding.

Results: A transjugular intrahepatic portosys-
temic shunt is one of the most difficult inter-
vention procedures performed, and thus the
success rates and complications depend consid-
erably on operator skill and experience. In most
studies the success rate in achieving a patent
portosystemic shunt with TIPS ranges over 90%.
Numerous studies point to TIPS as being effec-
tive therapy for portal hypertension and a suc-
cessful technique in managing variceal bleeding
or (less often) intractable ascites. Several ran-
domized studies suggest that in a setting of
variceal bleeding patient survival is similar in
those undergoing TIPS and those undergoing
endoscopic variceal therapy. On a short-term
basis TIPS appears to be equally effective in con-
trolling both gastric fundal and esophageal
variceal bleeding. Reintervention is eventually
required in a majority of patients, with most
reinterventions occurring during the first year
after TIPS.

A meta-analysis of 11 randomized clinical
trials containing 750 patients comparing TIPS
with endoscopic therapy found that TIPS
markedly reduces the risk of rebleeding but at

Figure 17.18. Creation of an intrahepatic portosystemic shunt.
A mesh stent is shown being inserted through a catheter and
over a guidewire. IVC, inferior vena cava; PV, portal vein.

Figure 17.19. A: Transjugular intrahepatic portosystemic shunt (TIPS) insertion in a patient with portal hypertension. B: Angiogram
after shunting reveals back-flow into the splenic vein (arrow) and coronary vein (arrowheads). (Courtesy of David Waldman, M.D.,
University of Rochester.)
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an increased risk of encephalopathy and
without affecting survival (77); TIPS dys-
function developed in 55% of these patients.
Survival, however, appears similar in both
groups.

Published TIPS mortality rates depend on
patient status pre-TIPS. The most frequent
cause of death beyond the acute period is pro-
gression of liver failure. Mortality rates correlate
with a higher Child’s classification.

Long-term follow-up reveals a decrease in
blood urea nitrogen, an increase in albumin,
and a return of bilirubin to initial levels or
lower; surviving patients have an improved
quality of life. The progression of acute liver
failure is not common after successful TIPS,
although in some patients the effects of TIPS on
liver function are unpredictable. One measure
of liver metabolic function is the arterial ketone
body ratio, defined as arterial acetoacetate level
divided by b-hydroxybutyrate level. This arte-
rial ketone body ratio appears to have prognos-
tic implications; among patients the 30-day
post-TIPS mortality in those with a pre-TIPS
ratio £0.5 was 75%, a rate higher than the 
14% rate in patients with a pre-TIPS ratio >0.5
(76).

The results of TIPS performed primarily for
ascites are discussed in Chapter 14; TIPS
appears effective in reducing ascites and
improving renal function in patients with func-
tional or organic renal disease (78).

One unrelated outcome is that esophageal
motor function tends to improve after TIPS
without inducing any gastroesophageal reflux.
An occasional protein-losing enteropathy asso-
ciated with portal hypertension also resolves
after TIPS.

Transjugular intrahepatic portosystemic
shunting has a limited effect if a large sponta-
neous portosystemic shunt already exists. If
necessary, embolization is an option when such
a portosystemic shunt is discovered. Also,
occasionally complications dictate TIPS shunt
obliteration, which can be performed.

Transjugular portosystemic shunting results
in systemic hemodynamic changes, with the
major long-term hemodynamic alteration being
an increase in pulmonary vascular resistance.
Right atrial and pulmonary artery pressures
increase, cardiac output increases, and periph-
eral resistance decreases. In patients with an
elevated systemic venous pressure, reduction of

the portosystemic pressure gradient after TIPS
increases right atrial pressure further and
accentuates any underlying congestive failure.

As expected, TIPS induces an immediate
decrease in portal pressure and an increase in
portal blood flow. A typical pre-TIPS portocaval
pressure gradient of about 20 to 22 mm Hg
decreases to <10 mm Hg. Compensatory hepatic
artery flow increases, but no overall splanchnic
and liver perfusion changes occur. Although the
portocaval pressure gradient decreases after
TIPS, eventually the pressure again increases.
Patients developing ascites usually have a por-
tocaval pressure gradient >12 mm Hg.

One alternative to Doppler US follow-up is
Tc-99m–diethylenetriamine pentaacetic acid
(DTPA) liver perfusion scintigraphy. Relative
arterial and portal liver inflow can be calculated
from a biphasic time-activity curve. Tech-
netium-99m–macroaggregated albumin (MAA)
injected into the portal veins evaluates por-
tosystemic shunting by comparing counts in the
lungs and liver; the amount of shunting 
correlates inversely with portosystemic pressure
gradient. The clinical application of such
scintigraphy remains to be established.

Shunt Stenosis/Occlusion: The most common
TIPS complication is shunt stenosis, often
requiring revision. Why do shunt stenoses
develop? Autopsy study of three livers contain-
ing four TIPS tracts revealed short- and mid-
term TIPS occlusions to be caused by thrombi
associated with hepatocyte necrosis and bile
leakage, while long-term stenoses consisted 
of a combination of pseudointimal hyperplasia
and hepatocyte ingrowth (79). Biopsies in
patients with a shunt stenosis tend to reveal bile
within an organising thrombus; the degree of
stenosis appears related to amount of bile
leakage. A rare shunt thrombosis extends 
proximally to involve the portal, splenic, and
mesenteric veins.

Shunt stenosis or occlusion is suspected
either with routine radiologic screening or
when the patient develops recurrent symptoms;
it is this complication that limits TIPS as an
optimal long-term solution for portal hyper-
tension. The prevalence of shunt stenosis or
occlusion appears independent of a patient’s
Child-Pugh class.

Anticoagulation appears to aid early shunt
patency but probably does not affect patency on
a long-term basis.
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Recurrent portal hypertension due to stent
thrombosis, stenosis, or stent retraction devel-
ops during the first year in over half of patients.
Portography and portal manometry serve as
gold standards in detecting and characterizing
shunt stenoses, but, being invasive, are used only
when other imaging is noncontributory. Endo-
scopic detection of varices is a less sensitive
method, but appears superior to Doppler US.
Although hepatic vein stenosis appears to 
be relatively common after TIPS, it is rarely
symptomatic.

Ultrasonography is often used in evaluating
TIPS shunt patency, although CTA shows con-
siderable promise in detecting most shunt dys-
functions; CTA achieved a 92% sensitivity and
77% specificity in detecting hemodynamically
significant TIPS abnormalities (80). Although
these values are similar to the results obtained
with US, CTA eliminates a subjective bias inher-
ent in performing US through an often narrow
acoustic window; 3D multiplanar reconstruc-
tion CTA is very helpful.

The degree of stenosis beyond which 
revision is necessary is not clear.At times lumen
reduction of even 10% requires intervention
due to a high portosystemic gradient; these 
mild stenoses are generally due to intimal
hyperplasia.

Doppler US of portal venous flow reveals con-
siderable variability in repeat measurements,
and published studies are not always compara-
ble. In spite of publications such as “The 
Inaccuracy of Duplex Ultrasonography in 
Predicting Patency of Transjugular Intra-
hepatic Portosystemic Shunts” (81) in the
gastroenterology literature, most investigators 
believe that duplex US identifies flow within a
shunt. Typical blood velocities within patent,
well-functioning shunts are within the 120 to
200 cm/sec range, often associated with a rever-
sal of intrahepatic portal vein flow. Portal 
vein velocity increases from about 20 cm/sec to
40 cm/sec. In a thrombosed shunt Doppler US
does not detect flow. In the practical sense, the
issue is more complex because a shunt Doppler
signal is not detected even from some patent
shunts.

Either a Doppler US measurement of
maximum peak velocity of 50 cm/sec or less
within the shunt or a change from hepatofugal
to hepatopetal portal venous flow indicates
shunt stenosis. Using these criteria, Doppler US

identifies TIPS occlusion and confirmed
patency in over 95% patients. A choice of
50 cm/sec shunt peak velocity is, of course, not
absolute. An assumption of a greater Doppler
US shunt peak velocity threshold improves the
specificity of detecting normal shunt function.
One further refinement is the use of either an
increase or decrease in shunt peak velocity of
more than 40 or 50 cm/sec from the initial post-
TIPS baseline value as a cutoff criterion; such a
change in shunt peak velocity appears to be a
more sensitive sign of shunt stenosis than
simply a low flow state. Also, blood flow in the
right anterior portal vein becoming hepatopetal
after TIPS is indirect evidence of shunt stenosis
or occlusion.

Doppler US shunt velocity varies between the
portal vein end and hepatic vein end. Thus in
patients with functioning TIPS, median shunt
velocity was 60 cm/sec at the portal vein end 
and increased to 82 cm/sec at the hepatic vein
end (82); velocity is reduced in patients 
with compromised shunts. The use of the IV US
signal enhancer Levovist improves color and
flow signals (compared to pre-Levovist) at the
portal vein shunt end in only 24% of studies but
improved hepatic vein shunt end (83); more
stenoses are identified with Levovist, with most
stenoses being located at the hepatic vein shunt
end evaluation of both shunt ends. Evaluation
should be performed by Doppler US.

In a number of institutions Doppler US has
replaced angiography as the post-TIPS screen-
ing modality. Yet published sensitivities and
specificities of Doppler US in detecting TIPS
stenosis or occlusion are difficult to place in
proper perspective. Some of the studies conflict.
Several more optimistic studies report almost
100% sensitivity and specificity in detecting
stenosis or occlusion. Some authors ascribe
Doppler US false-positive or false-negative diag-
noses to technical factors, including the type of
stent used. Thus, in one study a shunt velocity
of <60 cm/sec achieved a sensitivity of only 25%
and specificity of 93% in detecting shunt steno-
sis (84); a high sensitivity (90%) could only be
achieved at the expense of poor specificity
(<33%). Some studies suggest that shunt or
portal vein Doppler US velocities correlate
poorly with portal pressure.

In summary, most patent shunts have a veloc-
ity >70 cm/sec and hepatofugal flow in the liver
portal vein branches; in general, midshunt
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velocities of <60 cm/sec should suggest shunt
dysfunction. It should be kept in mind, however,
that Doppler US rarely identifies the cause of
shunt stenosis.

Once a stenosis is suspected and is confirmed
by venography, percutaneous transluminal
angioplasty is the primary therapy to reestab-
lish shunt patency, with multiple interventions
necessary in some patients (Fig. 17.20). Patients
treated by dilation tend to develop a restenosis,
but those managed by insertion of new shunts
tend to remain patent.

A rheolytic thrombectomy catheter is
designed to remove thrombi by fragmentation
and suction. It uses multiple retrograde high-
speed fluid jets to create a recirculating vortex
that fragments the adjacent thrombi, and the

thrombi are then evacuated through an aspira-
tion lumen. It can recanalize an acutely
occluded TIPS stent.

Other Complications: Other complications
include intraperitoneal hemorrhage, hema-
toma, hemobilia, accelerated liver failure,
hepatic vein stenosis, and infection. Less com-
monly encountered are perforation through 
the liver capsule, stent migration with portal
vein perforation and portal vein dissection,
thrombosis, and laceration. Occasionally a stent
migrates; some of these stents have been suc-
cessfully retrieved. Inadvertent hepatic artery
puncture has resulted in fatal hemorrhage. Like-
wise, right atrial and aortic perforation during
stent placement can lead to hemopericardium
and cardiac tamponade.

Figure 17.20. Occluded TIPS. A: Contrast injected into the portal
vein does not flow through the stent (arrow). B: Stent has been
recanalized. Contrast and stent do not superimpose due to arti-
fact. C: Partly occluded TIPS (arrow) in another patient is shown by
portal vein injection. (Courtesy of David Waldman, M.D., University
of Rochester.)

A

C
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Sepsis following TIPS is not common, and the
significance of TIPS infections is poorly under-
stood. Reported findings in patients believed to
have a primary shunt infection include tender
hepatomegaly, hypoxemia, septic pulmonary
emboli, septic shock, and necrotizing fasciitis;
blood cultures tend to be positive.

Hepatic encephalopathy develops in 15% to
30% of patients after TIPS, presumably due to
their increased portosystemic shunting. It is
more frequent during the first 3 months after
TIPS, and a majority of these patients have a
portocaval pressure gradient of <12 mm Hg. The
prevalence of encephalopathy appears increased
in patients undergoing TIPS for refractory
ascites. Doppler US appears useful in predicting
the risk of encephalopathy; encephalopathy
developed in 83% of patients with Doppler US
evidence of hepatofugal blood flow in both right
and left portal vein branches, but encephalopa-
thy occurred in only 12% of patients with
hepatopetal blood flow (85). In most patients
encephalopathy can be controlled medically.
Symptomatic encephalopathy is a consideration
for subsequent liver transplantation.

1H-MR-spectroscopy of brain metabolites 
is useful in liver transplantation to evaluate
hepatic encephalopathy (86); whether such
spectroscopy has a role after TIPS-associated
hepatic encephalopathy is unclear.

A rare TIPS complication is liver infarction.

Portal Vein Stenting

Portal vein stenting is an option in patients 
with an unresectable pancreatic or biliary
tumor invading the portal vein and leading to
portal hypertension. These stents are inserted
after percutaneous transhepatic portography
evaluates the underlying anatomy. In 13 such
patients, the mean portal venous pressure
decreased significantly immediately after stent
placement, but follow-up revealed increased
risk of stent occlusion in those with initial
splanchnic vein tumor involvement (87).

Portal Vein Aneurysm

Portal and splenic vein aneurysms, especially
those extrahepatic in location, are rare. Most are
associated with portal hypertension or an arte-
rioportal fistula. Some are congenital in origin;
others are related to previous trauma.

Most portal vein aneurysms are asympto-
matic. They occur at any age. A number of these
aneurysms gradually increase in size with time,
often with progression of portal hypertension.

Some patients have both an arterioportal
fistula and a portal vein aneurysm, an associa-
tion that appears to be more than fortuitous. In
some of these patients the aneurysm throm-
boses after percutaneous arterial embolization
closes the fistula.

Portal vein aneurysms tend to be fusiform,
while intrahepatic ones are mostly cystic. Unless
thrombosed, US reveals these aneurysms to be
anechoic. Contrast-enhanced CT or 3D power
Doppler US should detect an aneurysm and
identify any portosystemic fistulas. Doppler US
shows turbulent flow in most. Portal venogra-
phy is rarely necessary for diagnosis.

Portal Vein Gas

The most common etiology for portal venous
gas is bowel ischemia; some of the other
reported associations presumably have
ischemia as a common pathway (Table 17.3).
Some of the listed conditions, especially in pedi-
atric patients, have a benign course. Some cystic
fibrosis patients have both portal and systemic
venous gas, and presumably gas is shunted from
the portal circulation via the inferior mesenteric
vein and hemorrhoidal veins into the inferior
vena cava.

Table 17.3. Etiologies of portal venous gas (listed from more
common to less common)

Bowel ischemia
Necrotizing enterocolitis in babies
After colonoscopy
Trauma
With increased bowel intraluminal pressure due to

lumen obstruction
After double-contrast barium enema in pediatric

patients
Colonic diverticulitis
Endoscopic retrograde cholangiopancreatography and

sphincterotomy
Associated with pneumatosis intestinalis in the

pediatric age group
Intraabdominal infection with a gas-forming organism
In a setting of hypertrophy pyloric stenosis
Perforated duodenal ulcer complicated by an abscess
After a seizure
In a patient with cystic fibrosis with bowel obstruction
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Traditionally, conventional radiographs have
identified portal gas. It appears as multiple,
branching, linear lucencies in the liver and is
familiar to radiologists. Conventional US, color
Doppler flow imaging, and CT have a high sen-
sitivity in detecting portal gas; of these modal-
ities, CT appears most useful in suggesting an
etiology. Doppler US reveals venous gas as tur-
bulent flow with fleeting echoes. Gas bubbles
result in a highly echogenic appearance, often
transient in nature.

Portal Vein Tumors

Primary portal vein neoplasms are rare. An
adjacent extrinsic carcinoma often invades the
portal vein, encases it, and eventually obstructs.
The most common is pancreatic carcinoma,
with those originating in the body and tail of
the pancreas invading the splenic vein, and pan-
creatic head cancers invading the portal vein.
Similarly, metastases to the porta hepatis invade
not only the portal vein but also adjacent bile
ducts.

The role of CT and MR in preoperative
staging of portal vein invasion is still evolv-
ing. Whether Doppler US is comparable to
angiography or CT arterial portography in
detecting portal vein encasement or occlusion is
debatable.

Calcifications

Portal vein calcifications are rare, with the per-
tinent literature consisting mostly of case
reports. One CT study, however, found an 11%
prevalence of portal and mesenteric venous
calcification in patients with advanced cirrhosis
(88). Most patients are adults with long-
standing portal hypertension.

Some portal vein thrombi calcify. These
calcifications appear as linear or mottled densi-
ties corresponding to the portal vein path.

Portal vein calcifications are better identified
with CT than with conventional radiography.
They should not be confused with intrapancre-
atic calcifications, atherosclerosis, or aneurys-
mal calcifications.

Other Findings

Not uncommonly segments of portal vein
branches are opacified during CT hepatic arte-

riography. These arterioportal shunts can 
be divided into intrahepatic and extrahepatic.
Causes for intrahepatic shunting include
tumors—mostly hepatocellular carcinomas,
previous liver biopsy, and portal vein thrombo-
sis, regardless of cause (89); extrahepatic causes
include inflow through adjacent organ portal
collateral circulations.

Portal and mesenteric vein septic throm-
bophlebitis is usually secondary to other foci of
infection. Sigmoid diverticulitis, appendicitis,
infected pancreatitis, and similar entities are
generally responsible; they are discussed in
their respective chapters. Computed tomogra-
phy readily detects such thrombophlebitis.

A portal vein graft was inserted during a 
pancreatic resection and Whipple procedure
(90); rectal evacuation of the portal vein graft
occurred as a late complication, presumably
induced by graft infection.

Splenic Vein
Splenic vein obstruction is often clinically
silent, although in a minority of patients it
results in splenic infarction or leads to gas-
trointestinal bleeding. The most common 
etiologies of splenic vein thrombosis are
pancreatitis and pancreatic carcinoma. An 
occasional adjacent tumor, such as a pancreatic
cystadenoma, compresses the splenic vein.
Perihilar splenic varices secondary to a splenic
hilar hydatid cyst compressed adjacent hilar
vessels (91). An association of celiac disease 
and splenic venous thrombosis has been raised
(92).

Without underlying liver disease, these
patients tend to develop gastric varices without
esophageal varices, although splenic vein
thrombosis tends to extend and involve the
portal vein. Occasionally gastric fundal varices
are associated with colonic varices. In some
patients the spleen becomes enlarged; in fact,
splenic vein obstruction should be considered
in the differential diagnosis in a patient with
gastrointestinal bleeding occurring in a setting
of unexplained splenomegaly.

Splenic vein occlusion is diagnosed by CT,
conventional and endoscopic US, MRI, or
angiography. Computed tomography reveals 
no splenic vein visualization but perigastric 
collateral veins are present; these are indirect
signs, and an occasional obstruction detected 
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by angiography is not identified by CT. At 
times splenic vein thrombosis reveals a hypo-
dense splenic vein, collateral vessels, and a
patent portal vein. Ultrasonography shows an
echogenic thrombus in the splenic vein lumen.

Splenic vein aneurysms are rare. An occa-
sional aneurysm regresses after resolution of
splenomegaly.

Pancreatic pseudocysts occur in the general
location of the splenic and portal veins. An
occasional one erodes into the splenic vein.

Superior Mesenteric Vein
Superior mesenteric vein thrombosis is idio-
pathic, associated with an underlying malig-
nancy, develops in hypercoagulable states, and
occurs in a setting of pancreatitis, sigmoid
diverticulitis, or appendicitis, and as a sequela
after abdominal surgery such as a Whipple pro-
cedure or even a complicated appendectomy
(Fig. 17.21). It occurs in young patients. Acute
thrombosis, in the absence of collaterals, often
progresses to intestinal infarction. A more
chronic course leads to pain, diarrhea, and 
malabsorption.

The major issue with superior mesenteric
vein thrombosis is that the clinical presentation
is usually sufficiently vague and the diagnosis is
initially overlooked. The mortality from this
condition has not changed significantly over the

years. Complicating the picture is the frequent
presence of other intraabdominal disease.

Occasionally an acute thrombus resolves
spontaneously. In most patients, however,
prompt diagnosis and therapy with throm-
bolytic, anticoagulant, antiplatelet, or antis-
pasmodic agents is warranted to prevent
complications and reduce mortality. At times
selective superior mesenteric artery infusion of
urokinase is helpful.

Computed tomography shortly after clot for-
mation reveals a thrombus to have a higher
density than does soft tissues. The superior
mesenteric vein is often enlarged. Later, a char-
acteristic CT appearance consists of a hypo-
dense central thrombus surrounded by a higher
density wall (Fig. 17.22). At times a thrombus
extends into the portal vein. With incomplete
lumen obstruction, contrast-enhanced blood
surrounds a lower density thrombus. The vein
wall enhances after contrast. Surrounding
mesenteric edema is not uncommon.

Inferior Mesenteric and Pelvic Veins
Septic thrombophlebitis of the inferior mesen-
teric vein is most often secondary to sigmoid
diverticulitis. It is readily detected with CT.

Contrast-enhanced MR venography using a
blood-pool contrast agent outlines major pelvic
veins and evaluates for pelvic vein thrombosis.
Superimposed arterial structures can be mini-
mized by a subtraction technique.

Figure 17.21. Superior mesenteric vein thrombosis after
appendectomy. Contrast-enhanced CT reveals an enlarged vein,
an intraluminal clot and an enhancing vein wall (arrow). (Source:
Schmutz GR, Benko A, Billiard JS, Fournier L, Péron JM, Fisch-
Ponsot C. Computed tomography of superior mesenteric vein
thrombosis following appendectomy. Abdom Imaging 1998;23:
563–567, with permission from Springer-Verlag.)

Figure 17.22. Superior mesenteric vein thrombosis. Contrast-
enhanced CT shows an enlarged, enhancing superior mesenteric
vein and an intraluminal clot (arrow). (Courtesy of Gérard
Schmutz, M.D., Centre Hospitalier Universitaire, Caen, France.)
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Budd-Chiari Syndrome
Clinical

Budd-Chiari syndrome consists of obstruction
to the venous outflow from the liver. The
reported prevalence of Budd-Chiari syndrome
varies throughout the world, in part due to dif-
ferent reporting criteria. The older literature
considered only acute obstruction under Budd-
Chiari syndrome, although currently the
definition has been expanded to also include a
more common chronic form. It is caused by
hepatic vein obstruction or, less often, obstruc-
tion in the adjacent inferior vena cava (Table
17.4). In Japan, most patients with Budd-Chiari
syndrome have a chronic form; the etiology is
idiopathic in the majority, and over 90% have
obstruction in the intrahepatic portion of the
inferior vena cava. The most common direct
underlying cause of Budd-Chiari syndrome in
Western countries is either hepatic vein or infe-
rior vena caval thrombosis. Patients developing
a Budd-Chiari syndrome believed to be idio-

pathic in origin should be investigated for an
undetected latent coagulation disorder. Other
causes include a web-like membranous obstruc-
tion of the inferior vena cava, a condition more
common in the Orient. Trauma is a rare cause of
Budd-Chiari syndrome. Major hepatic surgery
with compromise of the hepatic veins or intra-
hepatic portion of the inferior vena cava is an
occasional predisposing factor. A renal cell car-
cinoma, a rare adrenal neoplasm with inferior
vena cava invasion, retroperitoneal sarcoma,
and malignancies involving the inferior vena
cava also result in Budd-Chiari syndrome.
Hepatic vein thrombosis is a complication of
Behçet’s disease, and Budd-Chiari syndrome
should be suspected if hepatomegaly and ascites
are detected in this disease. A rare cause of
acute Budd-Chiari syndrome is percutaneous
insertion of a transhepatic inferior vena cava
catheter.

Regenerative liver nodules are more prevalent
in chronic Budd-Chiari syndrome than
expected. The question of whether this syn-
drome is linked to an increased risk for hepato-
cellular carcinoma has been raised. Compli-
cating this question, some of these patients have
underlying cirrhosis.

The onset of symptoms in Budd-Chiari 
syndrome ranges from acute to insidious.
Initially liver dysfunction is mild, but gradually
hepatomegaly, ascites, and complications of
portal hypertension ensue. The presentation is
complicated by associated portal vein, splenic
vein, or superior mesenteric vein thrombosis,
which also develop in some patients. A majority
of these patients have limited therapeutic
options and a poor prognosis.

From a clinical viewpoint it is useful to sub-
divide Budd-Chiari syndrome into acute and
chronic presentations. From an anatomic view-
point, a subdivision into a partial obstruction
limited to thrombosis of one hepatic vein and a
more complete obstruction involving more of
the liver drainage is more informative. Complete
obstruction of the hepatic veins is rare; drainage
of the caudate lobe tends to be preserved unless
the adjacent inferior vena cava is obstructed.
Especially in chronic obstruction, accessory
hepatic veins enlarge and become evident.
At times the obstruction involves mostly
smaller veins, with the main hepatic veins being
patent.

Table 17.4. Conditions associated with Budd-Chiari syndrome

Idiopathic

Vascular conditions
Veno-occlusive disease
Inferior vena cava web or membrane
Inferior vena caval narrowing induced by right 

hemidiaphragm elevation
Behçet’s disease
Polycythemia vera
Thrombotic thrombocytopenic purpura in a 

pregnant patient

Drug induced
Oral contraceptives

Neoplasms
Hepatocellular carcinoma
Inferior vena cava or hepatic vein sarcoma
Adjacent neoplasm invading inferior vena cava

Pregnancy

Infection

Trauma

Other
Hypereosinophilic syndrome
Systemic lupus erythematosus
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Imaging

Imaging findings differ between acute and
chronic liver outflow obstruction. Hepato-
megaly, especially with caudate lobe enlarge-
ment and central liver contrast enhancement
are common with acute obstruction. Left lobe,
and especially caudate lobe hypertrophy and an
irregular liver surface develop on a more
chronic basis. Liver enhancement varies in
chronic obstruction depending on degree of
subcapsular collaterals and portal blood stasis.
Homogeneous enhancement is found with less
severe chronic obstruction, probably due to
extensive collateral drainage.

The gold standard in diagnosing Budd-Chiari
syndrome is inferior cavography and selective
hepatic venography, yet the diagnosis can often
be suspected with CT, US, MRI, or scintigraphy.
Occasionally the condition is misdiagnosed as
an infiltrating tumor. In particular, portal 
vein blood flow abnormalities are common in 
Budd-Chiari syndrome, and a misdiagnosis of
primary portal hypertension should be avoided.

Computed tomography in patients with acute
Budd-Chiari syndrome reveals hepatomegaly,
a heterogeneous hypodense liver showing
decreased central postcontrast enhancement,
and marked ascites. Caudate lobe enlargement
is common even with an acute onset, at times
compressing the adjacent inferior vena cava.
Veins draining the caudate lobe dilate. An irreg-
ular liver outline develops, but the liver is not
nodular as found in cirrhosis.

Ultrasonography suggests Budd-Chiari syn-
drome if gray-scale US identifies hepatic veins
and Doppler US detects either no blood flow 
or a reversal of flow. Likewise, the syndrome
should be suspected if both gray-scale and
Doppler US fail to identify hepatic veins.
Normal flow in the inferior vena cava varies
with respirations and cardiac cycle, but in some
patients with Budd-Chiari syndrome and
partial vena caval obstruction either reversed or
continuous caval flow is detected by Doppler US.
Still, the specificity with US is low.

Not only does the caudal lobe enlarge in
Budd-Chiari syndrome, but the caudate vein
also becomes prominent. In fact, US detection of
a caudate vein equal to or >3 mm in diameter, in
the appropriate clinical setting, should suggest
Budd-Chiari syndrome (93).

Both morphological and perfusion abnor-
malities are defined with MR angiography. The
MR postcontrast appearance varies depending
on chronicity. Acute Budd-Chiari syndrome
results in early homogeneous enhancement of
an enlarged caudate lobe and heterogeneously
decreased enhancement of the rest of the liver;
central liver portions enhance considerably
more than the periphery. Magnetic resonance
imaging identifies ascites, major hepatic vein
thrombi, and alternate venous pathways; it
detects either hepatic vein thrombosis or simply
the absence of hepatic venous flow (94).

During the subacute obstruction phase, post-
contrast CT enhancement differences between
the central and peripheral liver become less 
pronounced than during the acute phase.
Computed tomography of chronic Budd-Chiari
syndrome results in caudate lobe and usually
left lobe hypertrophy and varying degrees of
right lobe atrophy, with the hypertrophic
regions having heterogeneous postcontrast
enhancement. Ascites is not as prominent as
with an acute syndrome. Computed tomogra-
phy arterial portography reveals similar hetero-
geneous liver contrast enhancement in a setting
of vascular congestion.

Fibrosis ensues during the chronic phase,
identified by its hypointense signal on both T1-
and T2-weighted images. Major venous throm-
bosis is not a prominent feature of chronic
Budd-Chiari syndrome; instead, detected are
extensive collaterals, caudate lobe enlargement,
and regenerative nodules in less affected 
portions of the liver. These nodules are 
hyperintense on T1- and iso- to hypointense 
on T2-weighted images and enhance during 
the arterial phase. Collateral vessels are best
identified during the portal vein phase.

Inferior vena caval involvement ranges from
obstruction by a thrombus, to a web resulting in
partial obstruction, to the vena cava being com-
pressed by an enlarged caudate lobe. Occasion-
ally vena cavography and hepatic venography
fail to identify the full extent of venous outflow
obstruction; in such a setting percutaneous
transhepatic venography appears useful to
define the proximal and distal ends of an 
occlusion.

With a simple obstruction the portal venous
system is not affected, but an extensive obstruc-
tion results in flow reversal. Alternate venous
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pathways are common in chronic Budd-Chiari
syndrome, although clinically apparent varices
are not. Collateral vessels or partial recanaliza-
tions often have a spider web–like drainage
pattern. Especially capsule-based collaterals
become more evident with subacute obstruc-
tion. Budd-Chiari syndrome in children is 
associated with multiple intrahepatic venove-
nous shunts; the presence of these shunts,

detected with Doppler US, should suggest the
diagnosis.

Incomplete hepatic vein obstruction results
in a partial Budd-Chiari syndrome. In a patient
with obstructed middle or left hepatic veins, the
affected liver segments appear hypodense on
precontrast CT, but vary in appearance on post-
contrast images. The margins of involved seg-
ments correspond to intersegmental planes, and

Figure 17.23. Patient with Budd-Chiari syndrome treated with
TIPS. A: Inferior vena cavogram reveals a narrowed intrahepatic
vena cava (arrow). B: Right hepatic vein injection show multiple
occlusions (arrows). C: Successful TIPS (arrow) reveals good por-
tosystemic flow. (Courtesy of Oscar Gutierrez, M.D., University of
Chile, Santiago, Chile.)
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such a finding should suggest a partial Budd-
Chiari syndrome.

Therapy

Short stenotic segments are dilated with balloon
angioplasty; shunt placement, TIPS, or throm-
bolytic therapy are employed with thrombosed
segments. Therapy in some patients is surgical.

Hepatic Vein Thrombosis

The primary problem in patients with hepatic
vein thrombosis is to control the underlying
hematologic abnormalities; otherwise recurrent
thrombosis is common. The type of therapy
varies with the underlying lesion. Thus an intra-
luminal thrombus in an isolated hepatic vein is
amenable to fibrinolytic infusion or balloon
thrombectomy, more extensive obstruction is
treated with venoplasty or stenting, and TIPS
should be considered for diffuse intrahepatic
venous obstruction.

Although angioplasty is safe and usually suc-
cessful, recurrent stenosis is common. Therapy
often involves several sessions. A stent placed
across a stenotic hepatic vein segment reduces
the pressure gradient. These stents should be
monitored every 6 months or so because intimal
fibrosis leads to lumen obliteration.

Transjugular intrahepatic portosystemic
shunt placement is effective therapy for some
patients with acute and even chronic Budd-
Chiari syndrome (Fig. 17.23). Using a tran-
sjugular access, puncture from a hepatic vein
stump is performed into an engorged intrahep-
atic vein. At times, puncture is feasible even in
the absence of any patent residual hepatic vein,
with a stylet perforating from the inferior vena
cava through the liver into a portal vein; dilata-
tion and stent placement then establish a venous
communication. For unknown reasons stent
occlusion is a common complication after TIPS
placement for Budd-Chiari syndrome.

A percutaneous transhepatic approach is fea-
sible to recanalize the hepatic veins but is not
often employed.

Inferior Vena Cava Obstruction

Percutaneous transluminal angioplasty and
stent placement is an option in patients with
Budd-Chiari syndrome caused by intrahepatic

inferior vena caval obstruction. Percutaneous
transluminal angioplasty alone results in about
a 50% patency rate; stenting after primary per-
cutaneous transluminal angioplasty decreases
the restenosis rate considerably. A residual nar-
rowing is often evident after stent insertion, but
a stent keeps the vena cava patent and decreases
the risk of Budd-Chiari syndrome recurrence.

Renal Vessels
Hypertension
Nonrenal Causes

Most hypertension is idiopathic. Identified
causes can be subdivided into nonrenal, non-
vascular renal, and renovascular. Nonrenal
causes of hypertension include primary aldos-
teronism and the presence of a pheochromocy-
toma, Cushing’s syndrome, vasculitis, and other
disorders. An unusual cause of nonrenal malig-
nant hypertension was gallbladder hemobilia
(95). A rare patient has several conditions
responsible for hypertension.

Nonvascular Renal Causes

The final pathway for nonvascular renal causes
of hypertension is increased renin production.

Nephroptosis is a rare cause of renal hyper-
tension. Technetium-99m-renography identifies
diminished perfusion and excretion on the
affected side.

In general, renal cysts are not associated with
hypertension. Patients with cysts, however, tend
to have systolic and diastolic blood pressures
significantly higher than those without cysts,
either due to underlying renal disease that is
responsible for both or due to renal artery com-
pression caused by an expanding cyst, thus
leading to increased renin release. Compression
by an adjacent extrarenal tumor, typically an
adrenal one, is occasionally implicated in 
unilateral renal ischemia and the resultant
hypertension.

A thrombus or an atheromatous plaque
embolizing distally can result in renal hypoper-
fusion and hypertension, or the involved renal
parenchyma infarcts.

A number of glomerular and interstitial renal
diseases result in hypertension. Occasionally
ureteric obstruction, generally on an acute
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basis, leads to increased renin secretion and
hypertension. Chronic pyelonephritis is an
uncommon cause of hypertension.

Both renal cell carcinomas and Wilms’
tumors result in hypertension, either by vascu-
lar compression or by intrinsic renin produc-
tion. Juxtaglomerular tumors also produce
renin.

Hypertension after renal trauma is not
common even with a renal artery thrombosis.
Nevertheless, hypertension has developed after
traumatic renal artery narrowing, extrinsic
renal artery compression, an arteriovenous
fistula, and a traumatic aneurysm. At times a
segmental artery is involved. Occasionally a
subcapsular hematoma or urinoma compresses
the adjacent renal tissue, leads to ischemia,
increases the renin production, and manifests
by hypertension (Page kidney).

Renal Doppler US in women with pregnancy-
associated hypertension reveals markedly pro-
longed interlobar artery acceleration times (96),
suggesting that renal artery or segmental artery
stenosis or vasospasm plays a role in this 
condition.

Hypertension after a renal transplant is not
always due to renal artery stenosis. In some, it
appears to be associated with rejection. In
others, renin production by a native kidney
plays a role.

Renal Artery Stenosis

The most common cause of renovascular hyper-
tension is renal artery stenosis, with an occa-
sional renal artery aneurysm or dissection
being responsible. The true prevalence of reno-
vascular hypertension is not known because not
all patients with hypertension undergo a full
diagnostic workup. Many patients with renal
artery stenosis are asymptomatic and do not
seek medical attention, thus introducing a bias
in any statistical analysis. As a rough estimate,
among all causes of hypertension, a renovascu-
lar etiology accounts for approximately 3% to
5%, with the prevalence of secondary causes
being greater in children. Considerable empha-
sis is placed on renovascular causes because in
many patients these are correctable.

Etiology

Among patients with renal artery stenoses,
fibromuscular dysplasia is the underlying etiol-

ogy in about 20% of patients and arterioscle-
rotic vascular disease in the rest. The primary
lesion associated with renal artery narrowing 
in the elderly is atherosclerosis, while in a
younger population fibromuscular hyperplasia
predominates.

Fibromuscular Dysplasia

Fibromuscular dysplasia occurs most often in
the renal arteries, followed by the carotid and
iliac arteries. It is the second most common
cause of renal artery stenosis involving the
middle to distal portions of the renal artery. The
etiology is not known. Fibromuscular dysplasia
is often subdivided into medial, intimal, and
adventitial (perimedial) dysplasia, with medial
fibromuscular dysplasia being the most
common. Typically, imaging detects multiple
stenotic segments (Fig. 17.24). Rarely, medial
dysplasia results in spontaneous arterial
rupture and an extraperitoneal hematoma.

Medial dysplasia typically affects middle-
aged women and tends to be bilateral, consist-
ing of single or multiple constrictions in the
distal two thirds of the renal artery. Segmental
renal branches are occasionally involved. A
“string of beads” appearance is characteristic.

Intimal fibroplasia manifests as a smooth
stenosis of varying length involving distal renal
artery segments. Occasionally it has a web-like
appearance. The proximal end of the renal
artery is often diseased if the aorta is also
involved.

Perimedial dysplasia also affects middle-aged
women, tends to be unilateral, and involves the
distal renal artery segments. Whether peri-
medial dysplasia and medial fibroplasia are 
different manifestations of the same process is
conjecture.

Complete renal artery occlusion is rare with
these dysplasias. Intimal and perimedial dys-
plasias are associated with vessel dissection and
thrombosis—complications uncommon with
medial dysplasia.

In distinction to atherosclerotic disease,
fibromuscular dysplasia tends not to recur after
therapy.

Atherosclerosis

Most renovascular hypertension is due to ather-
osclerosis, a progressive disease. The proximal
one third of the renal artery and its ostium are
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most often affected, and usually the adjacent
aorta is also involved by atherosclerosis.
Some patients also have segmental and diffuse
intrarenal atherosclerosis. Bilateral renal artery
involvement is common. An older patient pop-
ulation is affected than with fibromuscular 
dysplasia. This is a progressive and recurrent
condition.

Typical presentations include hypertension,
renal ischemia, parenchymal loss, and eventual
renal failure.As a rough estimate, approximately
a 60% stenosis of a main renal artery is neces-
sary to detect renal atrophy with imaging.

Other Etiologies

Renal artery hypoplasia is a developmental
anomaly most often found in children and
young adults with renovascular hypertension.
Renal artery origins are involved.

Takayasu’s arteritis, a rare cause of renal
artery stenosis and hypertension, results in arte-
rial wall thickening.

A rare patient with neurofibromatosis devel-
ops renal artery stenosis and hypertension.

Also rare is acute renal artery occlusion due
to necrotizing vasculitis.

Renal artery stenosis is not uncommon after
renal transplantation. This topic is discussed in
Chapter 10.

Clinical

Sufficient renal artery stenosis leads to
decreased renal perfusion, activation and
release of renin and angiotensin II, and
increased renal prostaglandin, and via a multi-
factorial feedback mechanism results in hyper-
tension. Especially in long-established hyper-
tension, plasma renin values and related clinical
tests serve little purpose in differentiating 
renovascular from essential hypertension.
Clinically, renovascular hypertension manifests
similar to essential hypertension.

Progression of severity of renal artery steno-
sis is common, yet in patients with fibromuscu-
lar dysplasia renal perfusion correlates inversely
with the degree of stenosis, a finding not seen in
patients with atherosclerosis. Rare exceptions to
stenosis progression do occur, and renal artery
stenosis regresses.

Occasionally seen is the patient with a renal
cell carcinoma with an incidentally discovered
contralateral renal artery stenosis. Although a
simple nephrectomy can be performed, in such
a setting the stenosis can be expected to
progress, even to occlusion. In this specific
setting of renal cell carcinoma and contralateral
renal artery stenosis, prophylactic percutaneous
transluminal angioplasty of the stenosis
appears to be of benefit.

Figure 17.24. Fibromuscular dysplasia. A: Right renal arteriography reveals a slightly irregular main renal artery stricture and several
mild strictures in the intrarenal arteries. (Courtesy of David Waldman, M.D., University of Rochester.) B: Fibromuscular dysplasia of
right renal artery in another patient. (Courtesy of Oscar Gutierrez, M.D., University of Chile, Santiago, Chile.)
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A not uncommon finding is both renal artery
disease and infrarenal aortic disease; although
simultaneous aortic and renal revascularization
can be performed, at times percutaneous trans-
luminal renal angioplasty is preferred prior to
surgical revascularization, especially in high-
risk patients.

Detection

The first problem encountered is defining 
the degree of renal artery stenosis. Using
angiograms performed with a DSA technique 
in consecutive hypertensive patients, three
experienced radiologists could not distinguish
between 50% and 60% stenosis or between 60%
and 70% stenosis (97); the authors concluded
that statements about degree of renal artery
stenosis are not realistic or clinically significant
when using DSA. Nevertheless, many authors do
use DSA results as their gold standard.

The imaging definition of renal artery steno-
sis is obviously arbitrary. Most investigators 
use a lumen narrowing of >50% as a cutoff
point, with a minority adopting 60% narrowing
as their limit. A pressure gradient across a
stenotic segment >10 mm Hg is generally also
considered significant. The use of a miniatur-
ized pressure guidewire revealed that a 50%
stenosis results in a mean pressure gradient of
22 mm Hg (98).

The definition of an ostial stenosis is also
arbitrary; some investigators define an ostial
stenosis as any stenosis within 5 mm of the renal
artery origin, while others use a 10-mm length
adjacent to an atherosclerotic aorta. Regardless
of definition, detecting an ostial stenosis is not
always clear-cut; most renal arteries originate
either anterolateral or posterolateral from the
aorta; a completely lateral origin is found only
in a minority. In some patients CT angiography
identifies an ostial lesion, but DSA shows it to
be truncal in location.

In patients with chronic hypertension due to
renal artery stenosis, the end-stage finding
detected with most imaging modalities is a
small, smooth kidney without urinary obstruc-
tion. These changes, however, are not always
present; also, stenosis of an accessory renal
artery rarely leads to a small kidney. A more
basic question is whether accessory artery
stenosis results in hypertension—some indirect

findings suggest that accessory renal arteries are
not a direct cause of hypertension (99).

Comparison Studies

Urography is not sensitive in detecting correc-
tive renal artery stenosis as a cause of renovas-
cular hypertension and is not used for this
purpose.Aside from an end-stage small, smooth
kidney, main renal artery stenosis results in a
delayed nephrogram. Likewise, US and scintig-
raphy, although used at times for screening, are
inferior to CTA and MRA in detecting renal
artery stenosis in patients with suspected reno-
vascular hypertension (100).

In general, CTA renal artery image quality is
worse than intraarterial DSA but is better than
intravenous DSA. Also, MRA sensitivity in
detecting at least 50% stenoses was higher for
MRA (100%) than US (79%), but specificities
were similar (101). Although some studies
suggest that MRA and DSA are equally effective
in detecting significant main renal artery
stenoses, MRA and conventional angiography
can diverge both by overestimating and under-
estimating the degree of stenosis by more than
10% (relative to angiography).

Some imaging studies include detection of
accessory renal arteries while others do not,
thus introducing another variable in study 
comparisons.

Accessory Renal Artery Detection

Accessory renal arteries are found in about 40%
of patients. Renal arteries are end arteries, and
the acute occlusion of an accessory renal artery
leads to segmental renal infarction. Thus knowl-
edge of renal volume perfused by an accessory
artery is of some importance prior to surgical
procedures such as an aortic stent or graft
implantation over this segment. The perfused
vascular bed of an accessory renal artery can be
obtained from CT performed with selective
accessory renal artery angiography.

A limitation of noninvasive techniques is that
some accessory renal arteries are not detected.
Several studies have concluded that CTA does
not visualize about 20% to 25% of accessory
renal arteries, although other studies indicate
that CTA does not detect <10%.
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Only a minority of accessory renal artery
stenoses are detected by US. A not untypical
conclusion is that duplex Doppler US detects
only about 5% of accessory renal arteries seen
at catheter angiography (102).

In general, more accessory renal arteries are
detected with MRA than with color Doppler US
(101). Comparison of CTA and MRA yields
conflicting results, with some studies suggesting
that MRA is inferior both in detecting accessory
renal arteries and in grading renal artery
stenoses. One should keep in mind, however,
that MR results are very technique dependent,
and results vary accordingly. A realistic estimate
is that MRA identifies 75% to 90% of accessory
renal arteries.

Computed Tomography

Traditionally, conventional angiography has
been the gold standard in evaluating renal
artery stenosis. In a number of institutions 
arterial-phase helical CT has replaced renal
angiography. Arterial phase 3D reconstruction
images outline a stenosis in most patients. A
number of studies have concluded that CTA has
essentially the same accuracy for detecting 
renal artery stenosis ≥50% as DSA, although
under- and overestimation of stenosis grade are
encountered. The sensitivities and specificities
in detecting clinically significant stenoses of the
main renal arteries are over 90%, but keep in
mind that the accuracy of detecting a proximal
renal artery stenosis is greater than in distal
segments. As a further refinement, CTA with
real-time interactive volume rendering appears
faster and is more accurate in detecting renal
artery stenoses than the use of other current
techniques (103). Nevertheless, clinically signi-
ficant renal artery stenosis, including stenosis of
an accessory artery, can be missed by CTA.

Electron beam CT can determine renal
volume, measure perfusion, and identify pro-
gressive changes in unilateral renal artery
stenosis (104); initially symmetric time-
attenuation curves are present, then asymmet-
ric time-attenuation curves but with similar
perfusion, and eventually asymmetric curves
with impaired perfusion.

Evaluation of renal artery fibromuscular 
dysplasia presents its own unique problems.
Computed tomography angiography in most
hypertensive patients with renal artery fibro-

muscular dysplasia identifies most but not all
lesions; arteriography remains the imaging
modality of choice in the study of fibromuscu-
lar dysplasia.

Ultrasonography

Investigators are deeply divided on the use of
Doppler US for evaluating possible renal artery
stenosis. The accuracy of Doppler US is reason-
able in patients with a tight stenosis, but this test
appears to be of doubtful value in screening
hypertensive patients where detection of a 50%
to 70% stenosis is relevant.

Initial Doppler US studies of renal artery
stenosis were directed primarily toward the
renal artery and relied on detecting an
increased velocity in the stenotic segment, with
mixed results. Emphasis then shifted to post-
stenotic changes in smaller intrarenal branches.
Normal intrarenal arteries have a rapid systolic
upstroke, while in a setting of renal artery
stenosis the upstroke is dampened and time to
peak systole is also dampened. Still, even this
approach has led to mixed results. Although
several studies show that intrarenal Doppler US
will detect more severe stenoses (greater than
about 70%), US misses less severe stenoses. The
sensitivity and specificity for duplex US in
detecting a ≥60% diameter main renal artery
stenosis were 91% and 97%, respectively (102).
In another prospective study, intra- and
extrarenal Doppler US achieved a sensitivity
and specificity of 79% and 93%, respectively, in
detecting at least a 50% renal artery narrowing
(101), results similar to a number of other
studies. Some investigators assumed a renal
artery peak systolic velocity >100 cm/sec or
even >180 cm/sec to represent significant renal
artery stenosis; although the early work was
promising, later studies achieved substantially
worse results. Also, duplication of such parame-
ters as acceleration time is inconsistent.

The sensitivity and specificity for detecting
significant stenosis in a given vessel (including
accessory arteries) in consecutive patients 
were 97% and 98%, respectively (105); these
impressive results were reached by twofold use
of Doppler US: a stenosis of >50% was pre-
sumed if the main renal artery maximal systolic
velocity was >180 cm/sec and velocity in the
more distal segment was less than one quarter
of the maximum velocity, or, in the absence of
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these criteria, stenosis was presumed if the
intrarenal segmental artery acceleration time
was >70 msec. Arteriography was the gold 
standard.

The Renal Artery Stenosis Study Group from
14 European centers using the echo-enhancing
agent Levovist for renal artery Doppler US
found more diagnostic studies with enhanced
Doppler US (84%) compared with nonenhanced
Doppler US (64%) (106).

Magnetic Resonance

Magnetic resonance angiography is a promising
noninvasive screening test in patients suspected
of renal artery stenosis, and the indications for
its use continue to expand. The results with
MRA approach those of conventional angio-
graphy in detecting renal artery stenosis. In
general, a normal MRA is highly predictive of
normal arteries, although some stenoses are
under- and overestimated by MRA. Several con-
secutive data sets with imaging times of 7
seconds or so can be acquired during a single
breath-hold; postgadolinium and 3D views are
then evaluated. Introduction of MR phase-
contrast flow measurements adds functional
information. These studies are technically
demanding, however, and require optimal con-
trast bolus timing. Also, most studies have
addressed the detection of stenosis only in prox-
imal renal artery segments.

Magnetic resonance angiography is consid-
ered especially valuable in patients with chronic
renal failure; IV gadolinium in the doses used in
MR is less nephrotoxic than iodinated contrast
agents. Captopril renography is of limited value
in these patients. Thus in an elderly hyperten-
sive patient with suspected proximal renal
artery stenosis, MRA can be the primary screen-
ing test and, if positive, the patient is referred
directly for DSA and possible angioplasty. If
necessary, even DSA and angioplasty are per-
formed with gadolinium or carbon dioxide as
contrast agents.

Can MRA visualize all renal artery ostial and
truncal stenoses? Magnetic resonance angiogra-
phy tends to overestimate stenosis grade. One
constraint of 3D MRA is that a false ostial steno-
sis can be suggested due to loss of signal inten-
sity at a renal artery origin. Nevertheless, 3D
gradient-echo contrast enhanced MRA achieves
a >90% sensitivity and specificity for correctly

identifying a clinically relevant stenosis. A
stenosis is identified as signal extinction, a
finding based not only on flow turbulence but
also on the MR parameters used. Image sub-
traction in 3D contrast enhanced reual artery
MRA does improve study quality and aids in
visualizing distal renal arteries. Gadolinium
enhancement increases the apparent precon-
trast renal artery diameter, probably due to
improved visualization of slow-flowing blood
along the periphery.

One approach in providing both detailed
renal artery evaluation and also abdominal
aortic coverage is to first obtain high-resolution,
small field-of-view 3D contrast-enhanced renal
artery MRA, followed by large field-of-view 
3D MRA of the aorta (107); such high-
resolution MRA yielded a sensitivity of 97% and
specificity of 92% in detecting renal arterial
stenosis.

The reliability of phase-contrast MR flow
measurements to differentiate between hemo-
dynamically significant renal artery stenosis
and nonstenosed vessels is not clear; some have
achieved high sensitivity and specificity, but
others have found velocity waveforms from
phase-contrast data to be inaccurate in predict-
ing renal artery stenosis (108).

The role of MR angiography in fibromuscular
hyperplasia is not well established.

Scintigraphy

The glomerular filtration rate is maintained at
normal levels through arteriolar vasoconstric-
tion induced by angiotensin II even in renal
artery stenosis. Conversion of the inactive
angiotensin I to angiotensin II is inhibited 
by captopril (angiotensin-converting enzyme
inhibitor) administration. In a setting of renal
artery stenosis, captopril administration results
in a decreased glomerular filtration rate as
measured with Tc-99m-DTPA or Tc-99m-
mercaptoacetylglycilglycilglycine (MAG3).
Captopril renography thus potentially detects
underlying renal artery stenosis, although the
reported sensitivities and specificities of
captopril renography in detecting renal artery
stenosis vary considerably. Earlier literature
suggested that a  distinct advantage of captopril
renography was that it identified those patients
who will most benefit from correction of renal
artery stenosis, yet a more recent analysis 
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Angiography

Digital subtraction angiography using IV con-
trast injection enjoyed brief popularity as a
screening test for renal artery stenosis, but most
centers have abandoned this technique for more
modern imaging.

Direct injection angiography is the gold stan-
dard used in evaluating the main and accessory
renal arteries (Fig. 17.25). Angiography is often
preferred in patients with fibromuscular dys-
plasia. One should keep in mind that hyperten-
sion, in general, is associated with arterial
vasospasm and tortuosity of intrarenal arteries
(Fig. 17.26).

Carbon dioxide can be used in place of iodi-
nated contrast to evaluate renal arteries during
digital subtraction arteriography. In patients 
at risk for contrast-related nephrotoxicity or
who are allergic to iodinated contrast, carbon
dioxide arteriography appears to be a viable
alternative.

Figure 17.25. Left renal artery stenosis (arrow) in a hyperten-
sive patient. A stent was later inserted. (Courtesy of David
Waldman, M.D., University of Rochester.)

Figure 17.26. Renal arteriogram in a woman with renal failure,
malignant hypertension and scleroderma reveals marked
vasospasm and tortuosity of major and smaller intrarenal
vessels. The distal intrarenal arteries are tapered. Vasospasm
resulted in slow intrarenal flow and persistence of arterial filling.
Similar changes are found both in renovascular hypertension
and in scleroderma. (Courtesy of Oscar Gutierrez, M.D., Univer-
sity of Chile, Santiago, Chile.)

concluded that “renal scintigraphy had no
significant predictive value” after renal angio-
plasty (109).

Why some patients have false-negative capto-
pril renography is puzzling, but the response to
captopril decreases with poor renal function.
Test accuracy tends to be compromised in a
setting of renal failure and it is not applicable to
a poorly functioning kidney. Because MAG3 is
filtered by glomeruli and secreted by tubules,
while DTPA is filtered by glomeruli, the former
is preferred in those with renal failure. In one
study captopril Tc-99m-MAG3 renography
achieved a sensitivity and specificity of 85% 
and 71%, respectively, in detecting a stenosis
>50% (110). Occasionally captopril scintigraphy
findings of a mobile kidney mimic those seen
with renal artery stenosis.

Scintigraphy provides little anatomic detail,
but in a setting of a normal serum creatinine
level a scintigraphic finding of impaired frac-
tional flow to one kidney is an indication for
further investigation. Iodine-131-hippuran
renography can detect arterial luminal narrow-
ing in a setting of unilateral renal artery steno-
sis where the nonstenotic kidney served as a
“normal” landmark. In general, studies using
Tc-99m are technically superior to I 131, and
most institutions prefer the former.
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Venous Renin Assay

Selective renal vein assay for renin is not used
either as a screening test or for detecting reno-
vascular causes of hypertension. It is useful,
however, to evaluate whether a detected renal
artery stenosis is indeed a cause of a patient’s
hypertension.

Therapy

Although renovascular hypertension often is
controlled medically, in a setting of atheroscle-
rotic renal artery stenosis medical therapy often
does not prevent renal ischemia and resultant
renal insufficiency and, in fact, accelerates
parenchyma damage. Therapeutic modalities
for renal artery stenosis include percutaneous
transluminal angioplasty (balloon dilation),
stenting, surgical correction and occasionally
some other type of therapy. The primary indi-
cations for therapy of renal artery stenosis are
hypertension refractory to medical therapy 
and renal ischemia manifesting by a decrease 
in renal function; one should keep in mind,
however, that because renal artery stenosis
exists does not mean that it is responsible for a
patient’s hypertension or renal failure. Hyper-
tension persisting after successful angioplasty
or other therapy is often ascribed to underlying
essential hypertension.

Overall therapeutic success is measured by
two outcomes: Is hypertension cured and is
renal function deterioration arrested? Different
results are obtained in patients with fibromus-
cular dysplasia and atherosclerotic stenosis, and
in an analysis of success rates these two patient
populations should be separated. Some investi-
gators distinguish ostial stenoses from other
stenoses because success rates for ostial
stenoses are better with stenting than with
simple transluminal angioplasty. One should
also keep in mind that hypertension can be
caused by stenosis of an isolated accessory renal
artery, but for renal function to be impaired
generally both main renal arteries need to be
involved.

An exception to direct interventional therapy
is trauma-induced hypertension; once the
underlying defect is identified and appears
stable, a number of these patients are initially
followed medically because the hypertension
resolves spontaneously in some.

When to suggest therapeutic intervention is
controversial. Classic dogma is that medical
therapy should be exhausted first, yet numerous
studies have confirmed that outcomes of angio-
graphic and surgical therapeutic are better if
initial renal function is close to normal.

The cure rates for hypertension after recon-
structive surgery, angioplasty, and stenting are
low and are similar. The current trend in revas-
cularization therapy is away from emphasis on
cure of renovascular hypertension and a shift
toward control of renal failure progression due
to ischemia. One sign of successful revascular-
ization is that serum creatinine levels do not
worsen significantly in those with impaired
renal function.

Preliminary evidence suggests that intrarenal
resistance index identifies patients whose blood
pressure or renal function improves after cor-
rection of renal artery stenosis. Among patients
with a preprocedure resistance index (RI) of
<80, mean arterial pressure decreased by at least
10% in 94% of patients, while in patients with 
a preprocedure RI of >80, pressure did not
decrease in 97% (111); a preprocedure RI of
>80 thus selects those patients with renal artery
stenosis in whom therapy will not improve their
hypertension. Captopril assisted Doppler US
also appears useful in predicting outcome;
multivariate analysis suggests that the best 
predictors of a favorable therapeutic outcome
are a unilateral RI of <0.65 after captopril and a
kidney longer than 93 mm (112).

Therapy Comparisons

A French review of published therapies for renal
artery stenosis found that most studies were ret-
rospective and uncontrolled, and their success
rates overestimated (113); hypertension cure
rates after percutaneous angioplasty were 50%
in patients with fibromuscular dysplasia but
only 19% in those with an atherosclerotic steno-
sis, while in patients with progressive renal
failure due to atherosclerotic disease, surgical
revascularization improved renal function in
55% and angioplasty improved function in 41%.
Some more pessimistic studies have reported
that hypertension was cured only in about 
5%, worsened also in about 5%, and renal
insufficiency improved in about a third and con-
tinued to worsen in slightly fewer patients.
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A retrospective study of renovascular hyper-
tension patients who underwent percutaneous
transluminal renal angioplasty, percutaneous
transluminal renal artery stent placement, or
renal arterial bypass grafting found similar pro-
cedure success rates (91% to 98%), but compli-
cation rates were 13% for angioplasty, 16% for
stent placement, and 38% for bypass grafting
(114); of interest is that the number of anti-
hypertensive medications returned to baseline
in all patients by 12 months. In the Dutch Renal
Artery Stenosis Intervention Cooperative Study
Group, patients with hypertension and athero-
sclerotic renal artery stenosis were randomly
assigned to either undergo percutaneous trans-
luminal renal angioplasty or receive drug
therapy (115); 3 months later no significant dif-
ferences were evident in either systolic or dias-
tolic blood pressures in the two groups.

Surgical Bypass

The initial therapy for renal artery stenosis 
consisted of aortorenal bypass surgery, which
then was replaced by hepatorenal, splenorenal
and other bypass, patch angioplasty, and renal
artery endarterectomy. Retrospective surgical
studies from the late 1980s and 1990s estab-
lished standards for postoperative 5-year 
survival of 52% to 65% or higher and impro-
vements in hypertension and renal insuffi-
ciency, and most current authors compare 

their angioplasty and stenting results against
these standards. These comparisons are difficult
to place in proper perspective because surgical
studies tended to contain “sicker” patients 
with their correspondingly greater morbidity
and mortality. Currently surgical therapy in
many institutions is limited to a few specific
indications, including failed angioplasty and
stenting.

Angioplasty

Percutaneous transluminal revascularization
consists of balloon angioplasty, at times supple-
mented by stenting. If necessary in high-risk
patients, carbon dioxide is used as a primary
intravascular contrast agent during angioplasty,
supplemental when necessary by iodinated 
contrast.

Angiography is generally used initially to
evaluate the success of angioplasty; Doppler US
is used by some investigators to assess patency
during subsequent follow-up. Roughly half of
patients with underlying fibromuscular dys-
plasia who undergo successful angioplasty are
cured and most of the rest are improved, results
far superior to those achieved in patients with
atherosclerotic disease (Fig. 17.27).

Percutaneous angioplasty appears less appro-
priate for the relatively uncommon ostial steno-
sis. A randomized, prospective study compared
transluminal angioplasty alone and angioplasty

Figure 17.27. Fibromuscular dysplasia in a young woman with severe hypertension. A: Renal arteriogram reveals an irregular, seg-
mented right renal artery stenosis (arrow). B: Arteriogram after angioplasty shows an essentially normal renal artery. (Courtesy of
Oscar Gutierrez, M.D., University of Chile, Santiago, Chile.)

A B



1036

ADVANCED IMAGING OF THE ABDOMEN

with stent placement in patients with ostial 
atherosclerotic renal artery stenosis (116); the
primary success rate, defined as a <50% 
residual stenosis, of angioplasty alone was 57%
compared with 88% for stenting. The 6-month
postprocedure primary patency rate was 29%
for angioplasty alone, and 71% for stenting.
Among patients undergoing angioplasty alone,
29% required secondary stenting for angio-
plasty failure, with these patients then having a
success rate similar to those with primary stent-
ing. The authors concluded that primary 
stenting is a superior procedure for patients
with ostial stenosis.

Stenoses can be dilated in patients with ren-
ovascular hypertension due to nonspecific 
aortoarteritis (Takayasu’s disease); the resteno-
sis rate, evident by recurrence of hypertension
and restenosis, found at angiography, was 16%
at 22 months (117).

Complete renal artery occlusions have been
successfully revascularized. Sufficient data are
not available to draw firm conclusions about
angioplasty for this indication.

Angioplasty complications include renal
artery dissection and rupture, embolization of
atheromatous fragments, and artery thrombo-
sis. Even including complications due to femoral
angiography, angioplasty is associated with
fewer complications than surgical correction.

Doppler US detection of residual renal artery
stenosis one day after percutaneous revascular-
ization of atherosclerotic renal arteries appears
to be a predictor for future restenosis (118).

Stenting

Currently, percutaneously implanted renal
artery stents have a role in stenoses that are not
amenable to angioplasty, those due to failed
therapy, and in a setting of ostial stenosis.
Percutaneous renal artery stent insertion has
been performed for renal artery involvement in
aortic dissection (119). Problems with dissec-
tion and residual stenosis are largely overcome
with stenting. A review of published studies of
stent placement up to 1998, comparing results of
renal arterial stent placement and renal percu-
taneous transluminal angioplasty, concluded
that stenting is technically superior and clini-
cally comparable to angioplasty (120); stenting
achieves a lower restenosis rate (17%) than

angioplasty (26%). The complication rates are
similar, but stenting results in fewer patients
with a postprocedure residual stenosis. The
importance of a postprocedure residual steno-
sis is its association with a significantly higher
rate of eventual restenosis.

In a follow-up study of consecutive patients,
renal arterial stent placement did not signi-
ficantly improve primary patency of proximal
and truncal renal arterial stenoses over that
achieved by balloon percutaneous transluminal
angioplasty (121); stents did, however, improve
patency of ostial stenoses.

In general, stenting for angioplasty failure
does relieve stenosis, but hypertension is cured
only in half or fewer patients; likewise, arrest of
clinical renal failure occurs only in about half or
so of patients after stenting.

Renal artery stent obstruction can be evalu-
ated with contrast enhanced MRI.

Acute complications of renal artery stent
placement include renal artery thrombosis,
renal artery emboli, cholesterol embolization to
lower limbs, and femoral hematoma.

Renal Ablation/Embolization

Occasionally percutaneous transcatheter renal
ablation is considered in patients with uncon-
trolled hypertension or nephrotic syndrome. A
long-term improvement in hypertension and
nephrotic syndrome can be achieved with 
this procedure, often with a lower morbidity
and mortality than for comparable surgical
nephrectomy.

Transcatheter embolization should be consid-
ered in the hypertensive patient with an acces-
sory renal artery or a branch artery stenosis not
amenable to usual therapy and if the involved
artery supplies only a small renal segment.
Eventual scarring and some loss of renal func-
tion will occur.

Renal Artery Aneurysm
Renal artery aneurysms can be subdivided into
true aneurysms, dissecting aneurysms, arteritis-
related aneurysms, and simply aneurysmal
dilatation. True aneurysms are saccular, extra-
parenchymal, and located at bifurcations.
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Several etiologies account for these aneurysms:
elastic tissue degeneration, possibly on a con-
genital basis, and atherosclerosis predominate,
with an occasional one being secondary to
trauma. The prevalence of renal artery
aneurysms increases with age, with only a rare
one found in children. They are a rare cause of
hypertension; in some patients an aneurysm
manifests with pain or hematuria, although
most patients are asymptomatic.

Small intrarenal aneurysms develop in
patients with polyarteritis nodosa, Wegener’s
granulomatosis, and lupus erythematosus.
Dilated renal arteries and aneurysms occur in
Behçet’s disease.

An occasional true aneurysm ruptures, at
times resulting in a loss of that kidney. Similar
to rupture of a splenic artery aneurysm, rupture
of a renal artery aneurysm during pregnancy
carries a high maternal and fetal mortality.
Repair of a known aneurysm should be con-
sidered prior to conception. Rupture is not nec-
essarily related to hypertension. Calcifications
in an aneurysm do not protect against rupture.
Some ruptures evolve into an arteriovenous
fistula.

Ring-like calcifications are detected with 
conventional radiography in less than a third of
renal artery aneurysms.

Renal artery aneurysms are readily detected
with arteriography. Most are also identified
during arterial phase helical CT; precontrast
and delayed postcontrast CT images show an
isodense mass similar to a neoplasm. A major-
ity are saccular in shape, with a minority
fusiform or dissecting. Imaging also detects an
occasional thrombosed aneurysm.

Some renal artery aneurysms dissect sponta-
neously or dissect secondary to trauma, in-
cluding catheter manipulation. A minority of
dissections occur bilaterally. Patients with a dis-
secting aneurysm can develop hypertension.

Arteriography should be diagnostic of a dis-
secting aneurysm. At times urography reveals
delayed contrast excretion, although often this
study is normal.

Renal artery aneurysms have been treated
with an ex vivo surgical technique and auto-
transplantation. Of note is that follow-up of
aneurysmectomy reveals a better cure rate of
hypertension than in patients with renal artery
stenosis. Before ascribing hypertension to an

aneurysm, however, a stenosis in another artery
should be excluded.

Renal Vein Occlusion
Adults

Renal vein thrombosis is often associated with
an underlying renal cell carcinoma or inferior
vena caval thrombosis. Less common factors 
are dehydration, coagulopathy, nephrotic syn-
drome, pancreatitis and other retroperitoneal
inflammation, systemic lupus erythematosus,
intrinsic renal disorders such as glomeru-
lonephritis, and as an occasional complication
of acute pyelonephritis. The prevalence of
thrombosis is sufficiently high in nephrotic syn-
drome to warrant screening these patients for
renal vein thrombosis.

Few symptoms are evident in adults if throm-
bosis develops gradually. On a chronic basis 
collaterals (sometimes called renal varices)
develop, the kidney is no longer enlarged, and
venous flow returns to the renal hilum. A com-
plication of renal vein thrombosis is pulmonary
emboli.

Renal vein thrombosis with the thrombus
extending into the inferior vena cava can be
misdiagnosed as a renal cell carcinoma. Precon-
trast CT of a renal vein thrombus revealed a
hyperdense tumor.

With acute thrombosis, contrast-enhanced
CT detects renal enlargement and a thrombus-
containing enlarged renal vein. The venous 
wall tends to enhance with contrast. Corti-
comedullary differentiation is prolonged and a
nephrogram delayed. Extraperitoneal hemor-
rhage is not an uncommon association.

Ultrasonography detects an enlarged, hypoe-
choic kidney. Initially a thrombus is anechoic. A
thrombus is better detected in the shorter right
renal vein than in the left. Doppler US findings
have been disappointing. With some thrombi,
Doppler US does not detect renal vein flow,
although often the obstruction is incomplete
and flow is present, albeit slow. Normal arte-
rial Doppler US does not exclude venous 
thrombosis.

Scant literature exists on the use of MRI for
renal vein thrombosis, although based on
results from other vascular sites MR should be
well suited in this setting.
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Neonates

Predisposing factors for renal vein thrombosis
in the neonate are dehydration, sepsis, mater-
nal diabetes, polycythemia, and umbilical 
vein catheter manipulation and the rare 
hereditary thrombophilia. Thrombosis can be 
limited to small renal veins or extend into the
main renal vein or even inferior vena cava.
Clinically, these neonates develop hematuria or
hypertension.

Gray-scale US is usually the first imaging
modality employed. A transient early finding 
of an intrarenal vein thrombus is a linear
echogenic structure. With sufficiently extensive
involvement the affected kidney enlarges and
assumes a heterogenous appearance. Ultra-
sonography should also detect any associated
vena caval thrombus. Some neonates also 
have adrenal hemorrhage. Color Doppler US
suggests a lack of flow in the intrarenal 
veins and reversal of arterial diastolic flow.
Contrast enhanced MRI reveals persistent cor-
tical enhancement and a lack of medullary
enhancement.

Sequelae of renal vein thrombosis in a
neonate range from an atrophic kidney, to focal
scarring, to the kidney reverting to an essen-
tially normal appearance.

Renal and Ureteric Varices
Not all venous engorgement is due to renal 
vein obstruction. Portal hypertension has led 
to intrarenal segmental venous engorgement
(renal varices). Rarely, intrarenal varices are
idiopathic. Renal varices can lead to recurrent
hematuria.

Computed tomography detects tubular 
contrast-enhancing perineal structures. Color
Doppler US should detect these varices. Selec-
tive renal phlebography is diagnostic. Of note is
that renal arteriography can miss these venous
structures.

Ureteric varices are uncommon. Occasionally
engorged gonadal veins lead to extrinsic com-
pression and result in a characteristic serpigi-
nous appearance. Somewhat similar findings
are seen with dilation of a ureteral artery, gen-
erally in association with renal artery stenosis
where the ureteral artery provides a collateral
blood supply to the kidney.

Vascular Fistulas
A fistula involving the aorta can be either 
aortovascular or aortoenteric. Fistulas associ-
ated with aortic aneurysms were discussed
earlier (see Aorta), as were portosystemic shunts
and fistulas (see Collateral Veins).

Aortocaval Fistula
Most aortocaval fistulas are related to aortic
aneurysms and resultant surgical correction.
These patients tend to be elderly and in poor
health. A rare malignant fibrous histiocytoma at
the aortic bifurcation led to a pseudoaneurysm
which evolved into an iliocaval fistula (122).

In a patient with oliguric renal failure and a
suspected aortocaval fistula, angiography using
carbon dioxide is an alternate diagnostic test.
Aortocaval fistulas have been embolized with
coils, cyanoacrylate, and other materials.

Aortoenteric Fistulas
The most common cause of an aortoesophageal
fistula is a thoracic aortic aneurysm. Esophageal
perforation by an ingested foreign body is less
common.

Most aortoduodenal fistulas develop in a
setting of prior aortic aneurysm repair. Some
are related to prior radiotherapy to this region.
Rarely, duodenal tuberculosis or even a brucel-
lar aortic aneurysm evolves into an aortoduo-
denal fistula.

A fistulous tract between an aortic graft and
duodenum can be detected by CTA. If per-
formed while the patient is bleeding, a temporal
increase occurs in duodenal contrast agent
accumulation (123).

Cavoenteric Fistulas
Most cavoenteric fistulas are secondary to
trauma, tumor invasion, or prior radiotherapy.
Thus a cavo-duodenal fistula developed after a
right nephrectomy and radiotherapy for a
urothelial tumor 20 months earlier (124). Anec-
dotal reports describe migrating caval filters
resulting in duodenal perforation and a caro-
duodenal fistula (124).
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Arterioportal Fistula
Clinically, arterioportal fistulas manifest
through gastrointestinal bleeding, ascites, heart
failure, or even diarrhea, findings induced by
resultant portal hypertension, ischemia, or vas-
cular erosions.

Dynamic MRA reveals arterioportal shunts as
early focal regions of contrast enhancement
(Fig. 17.28). Splenic arteriography is diagnostic.

Treatment of these fistulas is not clear. Some
believe that embolization is the therapy of
choice for acquired intrahepatic arterioportal
fistulas but that extrahepatic ones should be
corrected surgically. Successful transarterial
embolization using coils and detachable bal-
loons has been performed for these often high-
flow fistulas (Fig. 17.29).

Arteriovenous Fistula
An arteriovenous fistula is an abnormal com-
munication that bypasses the usual capillary
circulation.A congenital fistula usually has mul-
tiple connections between an artery and vein.
Most acquired fistulas are traumatic in origin.
Tumors eroding into vessels also result in
fistulas. The most common acquired origin is
from the hepatic artery.

Splenic arteriovenous fistulas are either con-
genital or acquired. The less common congeni-
tal ones tend to be intrasplenic in location and
their imaging appearance mimics a heman-
gioma. Acquired fistulas are often associated

with atherosclerosis and trauma; an occasional
one is related to pregnancy. They are identified
by duplex Doppler US and arteriography.

Renal arteriovenous fistulas range from con-
genital to acquired. Some of these congenital
fistulas do not manifest until adulthood. Among
acquired ones are those secondary to prior vas-
cular instrumentation or surgical manipulation,
although many are idiopathic. Gross hematuria
is the usual presentation with a renal fistula.
Hypertension develops in some patients. Larger
fistulas are associated with an enlarged feeding
artery and draining vein. Loss of adjacent renal
parenchyma and a resultant scar are evident
with some fistulas. Similar to other sites, renal
arteriovenous fistulas are detected by Doppler
US. Renal arteriography defines the extent of a
fistula and allows selective embolization.

At times scintigraphy of a vascular fistula
suggests a hypervascular neoplasm.

Many congenital arteriovenous fistulas are
difficult to treat with surgery, and recurrence is
common.

Arterioureteral fistula
Arterioureteric fistulas are rare. Most are com-
plications of vascular surgery, with atheroscle-
rotic disease, chronic ureteral stenting or prior
pelvic radiotherapy occasionally having a role.
Clinical presentation consists of hematuria,
often intermittent, ranging from mild to
massive bleeding. Most aortoureteric fistulas are
related to aortic prosthetic graft infections.

Figure 17.28. Hepatic artery to portal vein fistula. Early (A) and later (B) phase hepatic arteriograms reveal early filling of the portal
vein (arrows). (Courtesy of David Lee, M.D., University of Rochester.)

A B
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In the appropriate clinical setting, arteriogra-
phy will define these fistulas, but some are ini-
tially not detected due to their intermittent
bleeding. Some are associated with a pseudoa-
neurysm. Excretory urography and retrograde
ureterography may simply show blood clots.
Surgery is difficult in these patients. An empiric
nephrectomy is considered in some patients
with life-threatening bleeding, but it will miss a
more distal site of bleeding. Arterial emboliza-

tion and endovascular stenting are immediate
therapeutic options.

Arteriovenous Malformations
Most mesenteric arteriovenous malformations
are a variant of an arterioportal fistula.

Angiography detects the larger arteriovenous
malformations. Many are in the pelvis and
present difficult management problems. Surgi-

Figure 17.29. Congenital intrahepatic arterioportal fistula in a patient with hypertension. A,B: Hepatic arteriogram reveals portal
vein filling (arrow) during arterial phase. C: Left and midright hepatic branches supplying the shunt are embolized with coil. D:
Postembolization arteriogram reveals blocked arterial branches and no portal vein filling. (Courtesy of Oscar Gutierrez, M.D., Univer-
sity of Chile, Santiago, Chile.)

A B
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cal excision often is not feasible, while percuta-
neous embolization tends to be incomplete.
Even if embolization is initially successful,
invariably new channels develop and the mal-
formation recurs. Ischemia of underlying vital
structures is a complication.

Examination and 
Surgical Complications
One of the complications of transcatheter arte-
rial embolization is iatrogenic dissection of the
involved artery and its branches. For example,
using the celiac artery to embolize hepatocellu-
lar carcinomas, the two most common sites 
of dissection are the celiac artery and proper
hepatic artery. Sequelae of these dissections
range from complete vessel recanalization, to
stenosis, to complete obstruction.

Inferior vena caval laceration and dissection
occur secondary to passage of various catheters
and wires.

Temporary bacteremia occurs during angio-
graphic procedures; prevalence is greater
during angioplasties than during diagnostic
arteriographies.
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emphysematous, 440
empyema/abscess, 440
eosinophilic, 440
gangrenous, 439–440
perforated, 439

chronic, 447–448
porcelain gallbladder,

448
xanthogranulomatous,

447–448
Cholecystitis glandularis

proliferans, 456
Cholecystolithiasis, 485–487
Cholecystolithotomy, 486
Choledochal cyst, 432–434
Choledocholithiasis, 487–490
Cholelithoptysis, 445
Cholestasis, 325
Cholesterolosis, 456
Cholesterol polyp, 456
Choriocarcinoma, 740–741,

761–762
Chorionic rim sign, 734
Chromophil adenoma, 622–623
Chromophobe adenoma, 623
Chronic granulomatous disease,

19
Churg-Strauss syndrome, 887
Chyluria, 597
Ciliated (foregut) cyst, 355
Cirrhosis, 327–333

complications, 331–332
imaging, 328–330
Laënnec’s, 328
peritonitis, 881
primary biliary, 332–333
secondary biliary, 333
vascular abnormalities,

330–331
hepatic artery, 330–331
hepatic veins, 330
portal vein, 330
shunting, 330

Cirrhosis/hepatorenal syndrome,
659

Cloacal exstrophy, 686–687
Cloacal malformation, 729
Clonarchiasis, 451, 528
Closed loop obstruction, 167–168
Cocaine colitis, 212
Colitis

allergic, 194
cocaine, 212
collagenous/microscopic/

lymphocytic, 212–213
cystica profunda, 213
detection of, 195–196
diversion, 213
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Colitis (cont.)
drug-related, 210–212
infective, 206–209

actinomycosis, 209
amebic colitis, 207
anisakiasis, 209
Escherichia coli, 207
phlegmonous colitis, 207
schistosomiasis, 207–208
tuberculosis, 208–209
viral, 209

ischemic, 214–216
neutropenic, 209–210
phlebosclerotic, 216

Collagenous gastritis, 62
Collagenous/microscopic/

lymphocytic colitis,
212–213

Colon
benign neoplasms, 221–222

adenoma, 221
angiomyolipoma, 222
leiomyoma, 221
lipoma, 221–222

body packing, 264
congenital abnormalities,

191–195
allergic colitis in infancy,

194
cystic fibrosis, 194–195
duplication, 191–192
malposition, 191
obstruction, 192–194
short colon syndrome, 195

dilation/obstruction, 248–255
mechanical, 248–254
mechanical abnormalities,

254–255
diverticula, 255–256
evacuation disorders, 257–261

anismus/incontinence,
260–261

enterocele, 257
puborectalis syndrome,

260
rectal prolapse/solitary

rectal ulcer syndrome,
258–260

rectocele, 257–258
examination and surgical

complications, 268–270
barium enema, 268
colonoscopy, 268–269

postlaparoscopy, 270
postresection, 269–270

fistula, 262–264, 263
genitourinary tract, 263
perianal, 262–263

immunosuppression, 267–268
infection, 267
neoplasm, 267

infection/inflammation,
195–217

amyloidosis, 216
colitis cystica profunda, 213
collagenous/microscopic/

lymphocytic colitis,
212–213

detection of colitis, 195–196
diversion colitis, 213
diverticulitis, 203–206
drug-related colitis, 210–212
epiploic appendagitis,

216–217
infective colitis, 206–209
inflammatory bowel disease,

196–203
ischemic colitis, 214–216
malacoplakia, 213
neonatal necrotizing

enterocolitis, 213–214
radiation proctocolitis, 216
typhlitis/neutropenic colitis,

209–210
malignant neoplasms, 224–248

adenocarcinoma, 224–239
adenosquamous/squamous

cell carcinoma, 244
anaplastic carcinoma, 244
angiosarcoma, 245
associated conditions,

225–226
carcinomsarcoma, 245
clinical, 224–225
detection, 230–232
genetics, 225
histiocytoma, 245
lymphoma, 244–245
melanoma, 246
metachronous cancers,

226
metastases or direct

invasion, 246
nonrectal carcinoma,

238–239
palliation, 240–241

pathology, 229–230
recurrence and follow-up,

241–244
rhabdoid tumor, 246
sarcoma, 245
screening, 226–229
staging, 235–238
synchronous cancers, 226
therapy, 239–244
uncommon presentation,

232–233
neuroendocrine tumors,

246–248
non-neoplastic tumors,

217–221
endometriosis, 219–221
hamartoma, 218
hemangioma, 218–219
hyperplastic polyps, 217–218
inflammatory fibroid polyp,

218
inflammatory pseudotumor,

218
juvenile polyp, 218
lymphangioma, 219
lymphoid nodules, 219
xanthelasma, 221

nonspecific ulcer, 261
perforation, 261
pneumatosis coli, 264
polyposis syndromes, 222–224

Cronkhite-Canada
syndrome, 224

familial adenomatous
polyposis, 222–223

juvenile polyposis
syndromes, 224

multiple hamartoma
syndrome (Cowden’s
syndrome), 223–224

Peutz-Jeghers syndrome, 224
Turcot’s syndrome, 223

scintigraphy, 191
trauma, 195

obstetrical, 195
perforation, 195

ultrasonography, 190–191
vascular lesions, 264–267

angiodysplasia, 266
arteriovenous malformation,

266
detection, 264–265
Dieulafoy lesion, 267
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diverticular bleeding, 265
juvenile polyps, 267
portal hypertensive

colopathy, 266–267
therapy, 265
varices, 266

wall thickening, 195–248
Colonoscopy, 186–190

appendicitis, 288
complications, 268–269

disinfection-related, 268
perforation, 268–269
septicemia, 268

computed tomography,
186–188

conventional, 186
magnetic resonance imaging,

188–190
Colorectal vesical fistula, 263
Comb sign, 141
Comet sign, 643
Complex cyst, 604
Computed tomography

abdominal vasculature, 975
acute pancreatitis, 515–516
adrenals, 953
adult cavernous hemangioma,

344–345
appendicitis, 283–285
bile duct tumors, 462
bladder, 685
cholangiography, 419–420
choledocholithiasis, 488
chronic pancreatitis, 521
colon cancer, 231
colonoscopy, 186–188
Crohn’s disease, 140–141
esophagus, 4
female reproductive tract,

720
gallbladder tumors, 455–456
gastric cancer, 76
hepatocellular carcinoma,

363–365
jejunum and ileum, 126
kidneys and ureters, 571–572
liver, 293–295, 339, 341
multirow, 293
multislice, 293
pancreas, 501
pancreatic adenocarcinoma,

534–535, 538
peritoneal, 865

renal adenoma/
adenocarcinoma,
610–611

renal artery stenosis, 1031
small bowel obstruction,

164–166
spiral, 293
stomach, 55

Computed tomography
angiography, 294–295

Computed tomography arterial
portography, 294–295

Computed tomography
enteroclysis, 126

Crohn’s disease, 141
Computed tomography hepatic

arteriography, 295
Condyloma of bladder, 695
Congenital abnormalities, 279

abdominal vasculature,
979–981

aorta, 979
arteries, 979
veins, 980–981
vena cava, 979

adrenals, 954–955
adrenal hyperplasia,

954
Beckwith-Wiedemann

syndrome, 955
Wolman’s disease,

954–955
appendix, 279
bladder, 686–689

agenesis, 686
cloacal exstrophy, 686–687
duplication, 686
urachal abnormalities,

688–689
cyst/neoplasm, 689
fistula and sinus tract,

688–689
infection, 689

ureterocele, 687–688
colon, 191–195

allergic colitis in infancy,
194

cystic fibrosis, 194–195
duplication, 191–192
malposition, 191
obstruction, 192–194
short colon syndrome,

195

duodenum
atresia, stenosis, web,

107–108
duplication, 107

esophagus
atresia/tracheoesophageal

fistula, 5–7
bronchogenic cyst, 5
duplication, 5
short esophagus/congenital

esophageal stenosis, 5
vascular anomalies, 7–8

female reproductive tract,
722–729

cloacal malformation, 729
McCune-Albright syndrome,

729
Müllerian duct anomalies,

722–728
agenesis/hypoplasia, 723,

724
bicornuate uterus,

724–725
didelphys, 724, 725, 726,

727
diethyl stilbestrol-related,

727–728
imaging, 722–723
septate uterus, 725, 727,

728
unicornuate uterus, 723,

725
sex differentiation

abnormalities,
728–792

vagina and urethra, 729
gallbladder and bile ducts,

425–435
anomalous bile ducts, 426
Caroli’s disease, 434
choledochal cyst, 432–434
cholestatic conditions

Alagille’s syndrome,
429–430

familial
hyperbilirubinemias,
430–431

neonatal cholestasis,
428–429

progressive familial
intrahepatic cholestasis,
431

cystic fibrosis, 431–432
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Congenital abnormalities (cont.)
gallbladder

agenesis, 425
ectopic gallbladder, 426
multiple gallbladders, 425
multiseptate gallbladder,

425–426
metachromic

leukodystrophy,
434–435

sphincter of Oddi region
anomalies, 426–428

jejunum and ileum
agammaglobulinemia, 133
celiac disease, 131–133
cystic fibrosis, 130
duplication, 129
obstruction, 129–130
rotation, 128–129

kidneys and ureters, 576–587
Alagille’s syndrome, 583
Alport’s syndrome, 583
Bartter’s syndrome, 585
Beckwith-Wiedemann

syndrome, 585
congenital hydronephrosis

and hydroureter,
586–587

duplicated collecting system,
576–577

ectopia, 577–579
familial glomerulosclerosis,

584
glomerulocystic disease,

583
hemophilia, 585
hypoplasia, 576
medullary cystic disease,

583–584
multicystic dysplasia,

579–580
nephroptosis, 579
polycystic disease, 580–583
renal agenesis, 576
screening for, 576
sickle cell disease, 585
tuberous sclerosis, 584
tyrosinemia, 585–586
von Hippel-Lindau disease,

584–585
liver, 302–309

accessory lobe, 302–303
Gaucher’s disease, 305

glycogen storage disease,
303–304

hereditary hemorrhagic
telangiectasia, 94,
307–309

lobe atresia/agenesis, 302
Niemann-Pick disease, 305
polycystic diseases, 305–307
sickle cell disease, 305
situs inversus, 302
tyrosinemia, 304
Wilson’s disease, 304–305
a1-antitrypsin deficiency,

304
male reproductive tract,

802–809
persistent Müllerian duct

syndrome, 803
prostate, 802
testes, 806–809

adrenal rests, 808–809
anorchia/cryptorchidism,

806–808
dysplasia, 808
polyorchidism, 808
splenogonadal fusion, 808
vas deferens, 808

urethra, 803–806
diverticulum, 805
duplication, 803
epispadias, 806
hypospadias, 805–806
megalourethra, 806
strictures, 804
valves, 803–804

Wolffian duct structures,
802–803

pancreas, 504–510
aberrant duct insertion,

507
agenesis, 504
annular pancreas, 505, 506
cysts, 507
ectopic pancreas, 506–507
hereditary dysfunction,

507–509
cystic fibrosis, 507–508
pancreatitis, 508

histiocytosis, 507
multiple endocrine

neoplasia syndromes,
509–510

pancreas divisum, 504, 506

von Hippel-Lindau disease,
510

peritoneal, 868–870
abdominal wall defects,

869–870
diaphragmatic

abnormalities, 870
heterotaxy syndrome,

868–869
Noonan’s syndrome, 870
situs, 868

spleen, 933–935
accessory spleen, 934
asplenia and polysplenia,

934
Gaucher’s disease, 934–935
malposition, 933–934
Niemann-Pick disease,

935
sickle cell disease, 935
splenogonadal fusion, 934
thalassemia, 935

Congenital hepatic fibrosis,
306–307

Congenital hydronephrosis/
hydroureter, 586–587

Contrast studies
intussusception, 252–254
jejunum and ileum, 125
liver

computed tomography,
295

NMR, 298–299
ultrasonography, 296

stomach, 55
See also individual contrast

media
Cornual pregnancy, 736
Corpus luteum cysts, 749
Courvoisier gallbladder, 531
Cowden’s syndrome, 223–224
Cowper’s glands, 832
Crigler-Najar syndrome, 430
Crohn’s disease, 198–199

bladder, 694
clinical, 198
complications, 199
duodenum, 110
esophagus, 18
imaging, 198–199
jejunum and ileum, 137–146

associated conditions,
138–139



1055

INDEX

clinical picture, 137–138
complications, 142–145
differential diagnosis, 139
imaging, 139–142
outcome, 145
pathologic findings, 139

stomach, 63
Cronkhite-Canada syndrome, 70,

224
Cryoablation, 379–380, 394
Cryptorchidism, 806–808
CT See Computed tomography
Cushing’s syndrome, 961–962
Cyst

adrenal, 956
bronchogenic, 5
cervical, 773
choledochal, 432–434
ciliated (foregut), 355
corpus luteum, 749
dermoid, 749–751
dialysis-acquired, 662
echinococcal, 596–597
epidermoid, 841
epididymal, 842
follicular, 748–749
gastric, 66–67
hemorrhagic, 749
hydatid, 314–318
inclusion, 895
lymphoepithelial, 529–530
mesenteric, 894–895
Müllerian, 814
omental, 895
pancreas, 507
paraovarian/paratubal, 749
paravaginal, 784–785
peribiliary, 354–355
presacral, 895–896
prostatic, 814
renal

complex, 604
hemorrhagic, 604–605
infected, 604
parapelvic, 604

small bowel, 134
spleen, 945–946
testicular, 840–841
theca-lutein, 749
tunica albuginea, 841
urachal, 689

Cystica polyposa, 67
Cystic dystrophy, 111

Cystic fibrosis, 130, 194–195,
431–432

pancreas, 507–508
Cystic partially differentiated

nephroblastoma,
629–630

Cystitis, 691–694
actinomycosal, 693
emphysematous, 692
eosinophilic, 692
fungal, 692
granulomatous, 693–694
hemorrhagic, 691–692
imaging findings, 691
interstitial, 691
schistosomal, 693
tuberculous, 693

Cystitis cystica, 695
Cystocele, 710, 843
Cystography, 685

complications, 715–716
Cytomegalovirus, 63

jejunum and ileum, 150

D
Daughter cyst sign, 748
Degos’ disease, 887
Dengue fever, 448, 528
Dermoid cyst, 749–751
Diabetes insipidus, 646
Diabetes mellitus, 91, 559–560

and celiac disease, 133
Diabetic nephropathy, 657–658
Diaphragm, 926

abnormalities, 870
hernia, 918–991
trauma, 874–876

Didelphys uterus, 724, 725, 726,
727

Diethyl stilbestrol, 727–728
Dieulafoy lesions, 44, 94–95,

122
colon, 267
jejunum and ileum, 175–176

Diffuse esophageal spasm, 41
Dissecting aneurysm, 984–986
Diversion colitis, 213
Diverticula

bladder, 709–710
colon, 255–256, 265
duodenum

intraluminal, 121
peri-Vaterian, 120–121

female reproductive tract,
786–787

giant, 256–257
jejunum and ileum, 173–174
kidneys and ureters, 649
rectal, 256
stomach, 93–94
urethra, 786–787, 805, 831

Diverticulitis, 110, 203–206
clinical, 203
complications, 205–206
imaging, 203–205
therapy, 206

Double-bubble sign, 505
Double-contrast abdominal CT,

126
Drug-related colitis, 210–212
Drug-related hepatitis, 324
Dubin-Johnson syndrome, 431
Duct of Bellini carcinoma, 623
Duodenitis, 109
Duodenum, 107–124

amyloidosis, 111
congenital abnormalities

atresia, stenosis, web,
107–108

duplication, 107
cystic dystrophy, 111
dilation/obstruction,

118–120
extrinsic causes, 120
gallstone ileus, 118–119
intussusception, 119–120
superior mesenteric artery

syndrome, 119
diverticula

intraluminal, 121
peri-Vaterian, 120–121

infection/inflammation,
109–111

cholecystitis, dialysis and
pancreatitis, 110

Crohn’s disease, 110
diverticulitis, 110
duodenitis, 109
peptic ulcer disease,

109–110
tuberculosis, 110–111

melanosis, 121
necrosis, 111
perforation/fistula, 121–122
sarcoidosis, 111
trauma, 108–109
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Duodenum (cont.)
tumors, 111–118

adenoma/adenocarcinoma,
115–116

bulbar tumors, 112
hamartoma, 111–112
heterotopic tissue, 111
hyperplastic/metaplastic,

111
lymphoma/leukemia, 116
mesenchymal, 116
metastasis or direct

invasion, 116–117
neuroendocrine, 117–118
periampullary tumors,

112–115
polyposis syndromes, 112

vascular lesions
angiodysplasia/

telangiectasia, 122
Dieulafoy lesion, 122
therapy, 122–123
varices, 122

wall thickening, 109–118
See also Jejunum and ileum

Duplication
bladder, 686
bowel, 129, 191–192
esophagus, 5
stomach, 56
urethra, 803

Dysgerminoma, 760
Dysphagia, 36–37
Dysphagia aortica, 43
Dysplastic nodules, 353–354

E
Eagle-Barrett syndrome, 869–870
Echinococcal cyst, 596–597
Echinococcosis, 885
Echinococcus granulosus, 314, 596
Echinococcus multilocularis, 315,

596
Echinococcus vogelii, 315
Ectopic gallbladder, 426
Ectopic kidney, 577–579
Ectopic pancreas, 506–507
Ectopic pregnancy, 735–737,

917–918
cervical, 736–737
cornual, 736
ovarian, 736
tubal, 735–736

Ectopic splenic tissue, 600
Ehlers-Danlos syndrome, 173
Ejaculatory duct disorders, 829
Elderly patients, appendicitis, 287
Embryonal cell carcinoma, 761
Emphysematous cholecystitis,

440
Emphysematous cystitis, 692
Emphysematous gastritis, 64–65
Emphysematous pyelonephritis,

593–594
Empyema, 440
Endometrial polyps, 768
Endometrioid neoplasms, 756
Endometriosis, 154, 219–221, 733

appendix, 290
bladder, 695–696
peritoneal, 927
ureteral, 646

Endometrium
atrophy/hyperplasia, 766–767
laser ablation, 794
ossification, 767

Endoscopic retrograde
cholangiography, 419

Endoscopic retrograde
cholangiopancreatogra
phy, 495–497

complications, 562–563
pancreatic adenocarcinoma,

536
Endoscopy

colon cancer, 230–231
esophagus, 50

Enteritis, acute, 146–147
Enterocele, 257
Enterocolitis

chronic idiopathic, 146
Yersinia, 147

Enterovesical fistula, 709
Eosinophilic cholecystitis, 440
Eosinophilic esophagitis, 19
Eosinophilic gastroenteritis, 63
Epidermoid cyst, 841
Epidermolysis bullosa, 36
Epididymal cyst, 842
Epididymitis, 836–837
Epiploic appendagitis, 216–217
Epispadias, 806
Epstein-Barr virus, 323, 941
Erdheim-Chester disease, 599,

888
Escherichia coli, 207

Esophageal atresia, 5–7
Esophageal varices, 44–47

clinical signs, 44–45
imaging, 45–46
ligation, 47
therapy, 46–47

Esophagitis
eosinophilic, 19
immunosuppression,

candidiasis, 48
phlegmonous, 18
reflux, 12–14
viral, 19

Esophagus, 3–55
barium studies, 3–4
Behçet’s syndrome, 19
computed tomography, 4
congenital abnormalities

atresia/tracheoesophageal
fistula, 5–7

bronchogenic cyst, 5
duplication, 5
short esophagus/congenital

esophageal stenosis, 5
vascular anomalies, 7–8

diverticula, 43–44
conventional, 43
Killian-Jamieson, 44
pseudodiverticulosis, 44
Zenker’s, 43–44

dynamic recording, 3
examination complications

endoscopy related, 50
stricture dilation, 51
surgery, 51

fibrosis, 20
fistula, 44
foreign bodies, 11–12
immunosuppression

AIDS, 48–49
posttransplant, 49–50

infection/inflammation
Barrett’s esophagus, 14–17
candidiasis, 18–19
chronic granulomatous

disease, 19
Crohn’s disease, 18
drug-induced, 17
eosinophilic esophagitis, 19
histoplasmosis, 19
phlegmonous esophagitis, 18
reflux/reflux esophagitis,

12–14



1057

INDEX

thermal/corrosive injury,
17–18

tuberculosis, 18
viral esophagitis, 19

magnetic resonance imaging, 4
manometry, 4
motility disorders/dilation,

36–43
achalasia, 37–40
Arnold-Chiari

malformation, 42
celiac disease, 43
cervical osteophyte

dysphagia, 43
diffuse esophageal spasma,

41
dysphagia aortica, 43
dysphagia and dysmotility,

36–37
globus pharyngis, 42
Guillain-Barré syndrome,

42–43
myasthenia, 41
myotonic dystrophy, 41
oculopharyngeal muscular

dystrophy, 42
Parkinson’s disease, 42
penetration and aspiration,

37
progressive supranuclear

palsy, 42
progressive systemic

sclerosis (scleroderma),
40–41

Sjögren’s syndrome, 43
stroke, 41

postoperative changes
pharyngeal surgery, 50
postesophagectomy, 50

radiation effects, 19–20
sarcoidosis, 20
scintigraphy, 4
trauma, 8–11

hematoma, 8–9
perforation, 9–11

Boerhaave’s syndrome,
9–10

clinical, 9
imaging, 10–11
Mallory-Weiss tear, 9
therapy, 11

tumors, 20–35
carcinoids, 35

carcinoma, 22
carcinosarcoma, 32
clinical signs, 22–23
complications, 27
complications of therapy, 30
detection, 24
fibrovascular polyp, 20–21
granular cell, 34–35
hemangioma, 21
heterotopic pancreas, 21
histiocytoma, 32
leiomyoma, 21–22
leiomyosarcoma, 31–32
liposarcoma, 32
melanoma, 32–33
metastases/direct invasion,

33
palliation, 29–30
papilloma, 21
pathology, 23–24
pharyngeal, 22
recurrence/metastasis, 30–31
schwannomas, 33–34
sebaceous gland, 20
staging, 24–27
therapy, 27–29

ultrasonography, 4
vascular lesions

Dieulafoy lesions, 44
varices, 44–47

webs and rings, 35
epidermolysis bullosa, 36
pemphigoid, 36
Plummer-Vinson syndrome,

36
Schatzki’s ring, 36

Ethanol therapy, 376–377, 392
Evacuation disorders, 257–261

anismus/incontinence,
260–261

enterocele, 257
puborectalis syndrome, 260
rectal prolapse/solitary rectal

ulcer syndrome,
258–260

rectocele, 257–258
Extracorporeal shock-wave

lithotripsy, 523
Extramedullary hematopoiesis,

68, 354, 942
Extraperitoneal soft tissues See

Peritoneum
Extratesticular fluid, 842

F
Fallopian tube

diverticula, 786
obstruction, 785–786
torsion, 731
tumors, 765–766

Familial adenomatous polyposis,
222–223

Familial glomerulosclerosis, 584
Familial hyperbilirubinemias,

430–431
Crigler-Najar syndrome, 430
Dubin-Johnson syndrome, 431
Gilbert’s syndrome, 430
Rotor’s syndrome, 431

Familial polyposis, 70
Fascioliasis, 451–452
Fatty liver, 325–327
Fecal incontinence, 260–261
Fecal tagging, 190
Female reproductive tract,

719–799
acute gynecological

conditions, 730
biopsy, 722
computed tomography, 720
congenital abnormalities,

722–729
cloacal malformation, 729
McCune-Albright syndrome,

729
Müllerian duct anomalies,

722–728
agenesis/hypoplasia, 723,

724
bicornuate uterus,

724–725
didelphys, 724, 725, 726,

727
diethyl stilbestrol-related,

727–728
imaging, 722–723
septate uterus, 725, 727,

728
unicornuate uterus, 723,

725
sex differentiation

abnormalities, 728–729
vagina and urethra, 729

diverticula, 786–787
Fallopian tube, 786
urethra, 786–787

fistulas, 787
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Female reproductive tract (cont.)
hysterosalpingography, 719,

795
immunosuppression, 792
infection/inflammation,

732–734
abscess, 732
actinomycosis, 733
endometriosis/cervicitis, 733
pelvic inflammatory disease,

732
salpingitis isthmica nodosa,

733
tuberculosis, 732–733
uterine synechiae, 733–734

infertility, 741
magnetic resonance imaging,

721
obstruction, 785–786

cervix, 786
Fallopian tubes, 785–786
urethra, 786

pneumatosis, 789
post-chemotherapy, 793
post-hormone therapy, 793
postoperative changes, 793–794
postradiation therapy, 794–795
pregnancy

antepartum bleeding,
738–739

ectopic, 735–737
gestational trophoblastic

disease, 739–741
heterotopic, 737
normal, 734–735
ovarian hyperstimulation

syndrome, 741
placenta, 738
postpartum bleeding, 739
preeclampsia, 737–738
uterine dehiscence, 737
uterine rupture, 737

prolapse and pelvic floor
abnormalities, 787–789

scintigraphy, 721–722
torsion, 730–731

Fallopian tube, 731
ovary, 730–731
uterus, 731

trauma, 729–730
tumors, 741–785

differential diagnosis,
741–743

endometriosis, 743–745
Fallopian tube and broad

ligament, 765–766
ovary and adnexa, 745–765

benign tumors, 746
carcinoid, 764
corpus luteum cysts, 749
endometrioid neoplasms,

756
fibroma/thecoma, 746
follicular cysts, 748–749
granulosa cell tumor,

746–747
hemorrhagic cysts, 749
leukemia/lymphoma, 763
malignant germ cell

tumor, 760–762
mature cystic

teratoma/dermoid cyst,
749–751

Meigs’ syndrome, 764–765
metastases, 762–763
paraovarian and

paratubal cysts, 749
polycystic disease, 752
primary ovarian

neuroendocrine
tumors, 764

renin secreting tumor, 764
Sertoli-Leydig cell tumor,

747
small cell carcinoma,

763–764
struma ovarii, 751–752
theca-lutein cysts, 749

primary epithelial
neoplasms, 752–759

urethra, 785
uterus, 766–784

benign tumors, 768–774
endometrial

atrophy/hyperplasia,
766–767

endometrial ossification,
767

malignant tumors,
774–784

vagina, 784–785
carcinoma, 784
melanoma, 784
metastasis/invasion, 784
paravaginal cysts, 784–785
sarcoma, 784

tumor seeding, 795
ultrasonography, 720–721
vascular lesions, 789–792

arteriovenous
malformations, 790–791

bleeding, 789
hemangioma, 790
ovarian varicocele/pelvic

congestion syndrome,
789

ovarian vein
thrombophlebitis/thro
mbosis, 789–790

uterine artery aneurysms,
791–792

Femoral hernia, 919
Fibroepithelial polyp, 601
Fibroids, 769–773

clinical, 769
complications, 771
imaging, 770–771
lipoleiomyoma, 769–770
therapy, 771–773

Fibrolamellar hepatocellular
carcinoma, 380–381

Fibroma See Inflammatory
pseudotumor

Fibroma/thecoma, 746
Fibromuscular dysplasia, 1028
Fibrosis

esophagus, 20
liver, 333–334

Fibrovascular polyp, 20–21
Filariasis, 597

peritoneal, 885
scrotum, 838–839

Fistula
aortocaval, 1038
aortoenteric, 1038
arterioportal, 1039
arterioureteral, 1039–1040
arteriovenous, 1039
bladder, 708–709
cavoenteric, 1038
colon, 262–264

genitourinary, 263
perianal, 262–263

duodenum, 121–122
female reproductive tract,

787
peritoneal, 925
small bowel, 134, 137, 143–144,

173
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urachal, 688–689
urethra, 830

Fitz-Hugh-Curtis syndrome, 312
Focal nodular hyperplasia,

348–351
Focal segmental

glomerulosclerosis,
658–659

Follicular cysts, 748–749
Foramen of Winslow hernia,

923
Forbes-Cori’s disease, 304
Foreign bodies

esophagus, 11–12
peritoneum, 927
small bowel obstruction,

170–171
swallowed, 92

Fournier’s gangrene, 839
Fulminant hepatic failure,

323–324
Fundoplication, 98
Fungal cystitis, 692
Fungal infection

kidney, 595
liver, 318–319

G
Gallbladder and bile ducts,

419–500
bile duct tumors/obstruction,

461–484
benign neoplasms

adenoma/papilloma/
papillomatosis, 467–468

adenomyoma, 468
benign strictures, 463–465
clinical, 461
cystic neoplasms, 482–483
detection, 461–463

cholangiography, 463
computed tomography,

462
scintigraphy, 463
ultrasonography, 462–463

extrinsic obstruction, 466
malignant neoplasms

cholangiocellular
carcinoma, 469–478

hepatocellular carcinoma,
478

lymphoma/leukemia,
478–479

melanoma, 479
metastases, 479–480
papilla of Vater

carcinoma, 478
sarcoma, 479
therapy, 480–482

Mirizzi syndrome, 465–466
neuroendocrine, 483–484
nonneoplastic tumors,

466–467
phytobezoar, 465
sphincter of Oddi

stenosis/dysfunction,
464

biliary drainage, 424–425
biliary dyskinesia, 490–491
biliary stones, 484–490

cholecystolithiasis, 485–487
choledocholithiasis, 487–490
clinical, 484–485
stone composition, 485

cholangiography, 419–422
computed tomography,

419–420
endoscopic retrograde

cholangiography, 419
intravenous, 419
MRI, 420–422
operative, 422
percutaneous transhepatic,

422
T-tube, 422

cholangioscopy, 423
congenital abnormalities,

425–435
anomalous bile ducts, 426
Caroli’s disease, 434
choledochal cyst, 432–434
cholestatic conditions

Alagille’s syndrome,
429–430

familial
hyperbilirubinemias,
430–431

neonatal cholestasis,
428–429

progressive familial
intrahepatic cholestasis,
431

cystic fibrosis, 431–432
gallbladder

agenesis, 425
ectopic gallbladder, 426

multiple gallbladders, 425
multiseptate gallbladder,

425–426
metachromic

leukodystrophy,
434–435

sphincter of Oddi region
anomalies, 426–428

examination complications
biopsy, 497
endoscopic retrograde

cholangiopancreatogra
phy, 495–497

percutaneous
cholangiography, 497

poststenting, 497
fistula, 491
gallbladder hydrops, 491
gallbladder torsion/volvulus,

491
gallbladder tumors, 455–461

benign adenoma, 457
computed tomography,

455–456
malignant

adenocarcinoma, 457–460
lymphoma, 461
melanoma, 461
metastases, 461

MRI, 456
nonneoplastic

adenomyoma/
adenomyomatosis,
456–457

cholesterol polyp/
cholesterolosis, 456

ectopic tissue, 457
hyperplastic/

inflammatory polyp,
457

ultrasonography, 456
immunosuppression, 493–494
infection/inflammation,

436–455
acute cholecystitis, 436–447

acute acalculous, 446–447
emphysematous, 440
empyema/abscess, 440
eosinophilic, 440
gangrenous, 439–440
perforated, 439

cholangitis, 448–455
actinomycosis, 452
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Gallbladder and bile ducts (cont.)
ascariasis, 451
autoimmune, 455
clonarchiasis, 451
fascioliasis, 451–452
hepatolithiasis, 449–451
primary sclerosing,

452–455
pyogenic, 449
tuberculosis, 452

chronic cholecystitis,
447–448

porcelain gallbladder,
448

xanthogranulomatous,
447–448

Dengue fever, 448
oral cholecystography, 423
pericholecystic fluid

collections, 493
postoperative changes

biliary-enteric anastomoses,
494–495

postcholecystectomy, 494
sump syndrome, 494

scintigraphy, 423–424
trauma, 435–436
ultrasonography, 422–423
vascular lesions, 491–493

hemobilia, 491–492
varices, 492–493

Gallstone ileus, 118–119, 170
colonic, 254

Gallstone pancreatitis, 516–517
Ganglioneuroma, 914, 966–968
Gangrenous cholecystitis,

439–440
Gastric banding, 101
Gastric bypass, 100
Gastric dilation, 87–92
Gastric hernia, 92–93
Gastric outlet obstruction, 88–92
Gastrinoma, 117–118, 396–397,

556–557
Gastritis, 59–62

atrophic/autoimmune, 61
chemical, 61–62
classification, 60
clinical, 59–60
collagenous, 62
diagnosis, 60–61
emphysematous, 64–65
granulomatous, 62

lymphocytic, 62
phlegmonous, 64–65

Gastrointestinal autonomic nerve
tumor, 86

Gastrointestinal stromal tumors,
82–83

Gastroparesis, 91
Gastroplasty, 100–101
Gastroschisis, 869
Gastrostomy, 102–103
Gaucher’s disease, 305, 934–935
Genitourinary complications,

Crohn’s disease, 144
Genitourinary fistula, 263
Gestational trophoblastic disease,

739–741
Giardiasis, 147
Gilbert’s syndrome, 430
Globus pharyngis, 42
Glomerulocystic disease, 583
Glomerulonephritis, 658
Glomus tumor, 87
Glucagonoma, 557–558
Glycogen storage disease,

303–304
Gonadal disorders, women, 728
Graft-versus-host disease,

177–178
Granular cell myoblastoma,

34–35
Granuloma, 339
Granulomatous cystitis, 693–694
Granulomatous gastritis, 62
Granulomatous hepatitis, 324
Granulosa cell tumor, 746–747
Grawitz tumor, 606
Groove carcinoma, 536
Groove pancreatitis, 518
Guillain-Barré syndrome, 42–43

H
Halo sign, 165
Hamartoma

bile duct, 466–468
colon, 218
duodenum, 111–112
kidney, 601
spleen, 945

Hantavirus, 598
Hartmann’s pouch, 269
Helicobacter pylori, 58–59,

109–110
HELLP syndrome, 337

Hemangioendothelioma, 397–398
epithelioid, 397–398
kaposiform, 397

Hemangioma
adrenals, 969
adult cavernous, 343–347
bladder, 695
colon, 218–219
esophagus, 21
female reproductive tract, 790
infantile, 347–348
jejunum and ileum, 153
kidney, 601
peritoneum, 896
testis, 852

Hemangiopericytoma
kidneys and ureters, 638
liver, 399
peritoneum, 911
stomach, 69
uterus, 773

Hematocele, 843
Hematoma

adrenals, 969–972
aorta, 986
esophagus, 8–9
jejunum and ileum, 136–137
liver, 310–311
perinephric, 663
peritoneum, 893–894
spleen, 936–937

Hemobilia, 491–492
Hemochromatosis, 529
Hemolytic-uremic syndrome, 659
Hemoperitoneum, 892–893
Hemophilia, 585
Hemorrhage

small bowel, 136–137
Crohn’s disease, 144

Hemorrhagic cystitis, 691–692
Hemorrhagic cysts, 749
Hemorrhagic pancreatitis, 511
Hemospermia, 829–830
Henoch-Schönlein purpura, 886
Hepar lobatum, 386
Hepatic artery aneurysm, 356
Hepatic vein thrombosis, 1027
Hepatitis, 321–325

autoimmune, 324
drug/toxin-related, 324
fulminant hepatic failure/

necrosis, 323–324
granulomatous, 324
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imaging, 323
peliosis, 348
radiation, 324–325
viral, 321–323

Epstein-Barr virus, 323
hepatitis A, 321
hepatitis B, 321
hepatitis C, 321–322
hepatitis D, 322
hepatitis E, 322
hepatitis G, 322

Hepatoblastoma, 383–384
Hepatocellular carcinoma,

359–380
atriovenous shunting, 361
biopsy, 370
clinical, 359–360
detection, 361–370
follow-up, 380
pathology, 360–361
regression, 380
with sarcomatous changes,

381
screening, 360
staging, 370–372
therapy, 372–380

Hepatoid carcinoma, 543, 761
Hepatolithiasis, 449–451
Hereditary hemorrhagic

telangiectasia, 94,
307–309

Hereditary pancreatitis, 508
Hernia

Bochdalek, 918–919
diaphragmatic, 918–991
femoral, 919
gastric, 92–93
incisional, 922
inguinal, 919–920
internal, 922–925
lumbar, 921–922
Morgagni, 918
obturator, 920
sciatic foramen, 922
spigelian, 920–921
ureteral, 646
ventral, 919

Hers disease, 304
Heterotaxy syndrome, 868–869
Heterotopic pancreas, 68
Heterotopic pregnancy, 737
Hirschsprung’s disease, 193–194

in adults, 194

Histiocytoma
colon, 245
gastric, 84
inferior vena cava, 994
kidney, 638
liver, 384–385

Histiocytosis, 507
Histoplasmosis, 19, 64

spleen, 941
HIV/AIDS

appendicitis, 287
esophagus, 48–49
gallbladder and bile ducts,

493–494
jejunum and ileum, 176–177
kidney and ureters, 664–665
liver, 401–402
male reproductive tract,

858
peritoneal, 927–928
stomach in, 98

Hodgkin’s lymphoma, 49
Horseshoe kidney, 578
Human immunodeficiency virus

See HIV/AIDS
Hydatid cyst, 314–318
Hydatid disease, 940
Hydatidiform mole, 739–740
Hydrometrocolpos, 773–774
Hydrosalpinx, 785
Hydrosonography, 501
Hyperinsulinoma, 555–556
Hypernephroma, 606
Hyperoxaluria, 653
Hyperplastic polyp, 67
Hypersplenism, 941–942
Hypospadias, 805–806
Hyposplenism, 942
Hypoxic liver perfusion, 392
Hysterectomy, 794
Hysterosalpingography, 719

complications, 795

I
Idiopathic granulomatous

appendicitis, 286
Idiopathic portal hypertension,

401
Ileal pouch, 179
Ileosigmoid knot, 168
Ileostomy, complications,

178–179
Ileum See Jejunum and ileum

Imaging studies See individual
modalities

Immunosuppression, 98
adrenals, 972
bladder, 712
colon, 267–268
esophagitis, 48–50
jejunum and ileum, 176–178
kidney and ureters, 664–665
peritoneum, 927–928
spleen, 949
stomach, 98

Imperforate anus, 192
Impotence, 833
Incisional hernia, 922
Incontinence, 710–712

fecal, 260–261
urinary

children, 712
men, 712
women, 710–712

Infant hypertrophic pyloric
stenosis, 88–89

Infantile hemangioma, 347–348
Infection/inflammation

adrenals, 955–956
bladder, 691–694

Crohn’s disease, 694
cystitis, 691–694
malacoplakia, 694

colon, 195–217
amyloidosis, 216
colitis cystica profunda,

213
collagenous/

microscopic/lymphocyt
ic colitis, 212–213

detection of colitis, 195–196
diversion colitis, 213
diverticulitis, 203–206
drug-related colitis, 210–212
epiploic appendagitis,

216–217
infective colitis, 206–209
inflammatory bowel disease,

196–203
ischemic colitis, 214–216
malacoplakia, 213
neonatal necrotizing

enterocolitis, 213–214
radiation proctocolitis, 216
typhlitis/neutropenic colitis,

209–210
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Infection/inflammation (cont.)
duodenum, 109–111

cholecystitis, dialysis and
pancreatitis, 110

Crohn’s disease, 110
diverticulitis, 110
duodenitis, 109
peptic ulcer disease, 109–110
tuberculosis, 110–111

esophagus
Barrett’s esophagus, 14–17
candidiasis, 18–19
chronic granulomatous

disease, 19
Crohn’s disease, 18
drug-induced, 17
eosinophilic esophagitis, 19
histoplasmosis, 19
phlegmonous esophagitis, 18
reflux/reflux esophagitis,

12–14
thermal/corrosive injury,

17–18
tuberculosis, 18
viral esophagitis, 19

female reproductive tract,
732–734

abscess, 732
actinomycosis, 733
endometriosis/cervicitis,

733
pelvic inflammatory disease,

732
salpingitis isthmica nodosa,

733
tuberculosis, 732–733
uterine synechiae, 733–734

gallbladder and bile ducts,
436–455

acute cholecystitis, 436–447
acute acalculous, 446–447
emphysematous, 440
empyema/abscess, 440
eosinophilic, 440
gangrenous, 439–440
perforated, 439

cholangitis, 448–455
actinomycosis, 452
ascariasis, 451
autoimmune, 455
clonarchiasis, 451
fascioliasis, 451–452
hepatolithiasis, 449–451

primary sclerosing,
452–455

pyogenic, 449
tuberculosis, 452

chronic cholecystitis,
447–448

porcelain gallbladder, 448
xanthogranulomatous,

447–448
Dengue fever, 448

jejunum and ileum, 137–150
acute enteritis, 146–147
anisakiasis, 150
ascariasis, 148–149
chronic idiopathic

enterocolitis, 146
Crohn’s disease, 137–146
cytomegalovirus, 150
giardiasis, 147
salmonella/shigella, 147
strongyloidiasis, 147–148
Whipple’s disease, 149–150
Yersinia enterocolitis, 147

kidneys and ureters, 591–600
abscess, 594–595
actinomycosis, 597
botryomycosis, 597
brucellosis, 597
echinococcal cyst, 596–597
Erdheim-Chester disease,

599
filariasis, 597
fungal infection, 595
leishmaniasis, 597
malacoplakia, 599
pyelonephritis

acute, 591–593
chronic, 598
emphysematous, 593–594

pyonephrosis, 595
schistosomiasis, 596
sinus lipomatosis, 599–600
Sjögren’s syndrome, 599
tuberculosis, 596
viral infection, 598
xanthogranulomatous

pyelonephritis, 598–599
liver, 312–325

abscess, 312–314
actinomycosis, 320
botryomycosis, 320–321
fungal, 318–319
hepatitis, 321–325

hydatid cyst, 314–318
schistosomiasis, 319–320
syphilis, 320
tuberculosis, 318
visceral larva migrans, 319

pancreas, 511–529
acute pancreatitis, 511–518
amyloidosis, 529
chronic pancreatitis,

518–523
clonorchis infestation, 528
complications of

pancreatitis, 523–528
Dengue hemorrhagic fever,

528
focal pancreatitis, 518
iron overload, 529
leptospirosis, 528
lipomatosis, 528–529
sarcoidosis, 529

peritoneum, 877–886
abscess, 877–880

abdominal wall, 879
intraperitoneal, 877–879
psoas muscle, 879–880

echinococcosis, 885
filariasis, 885
parasitic infestation,

885–886
peritonitis, 880–883

in cirrosis, 881
infectious, 880–881
lupus, 881
meconium, 881
sclerosing, 881–883
vernix caseosa-induced,

881
tuberculosis, 883–885

prostate, 813–814
scrotum and spermatic cord,

836–839
brucellosis, 838
epididymitis, 836–837
Fournier’s gangrene, 839
granuloma, 839
idiopathic granulomatous

orchitis, 838–839
malacoplakia, 839
orchitis, 837–838
tuberculosis, 838

spleen, 939–941
abscess, 939–940
brucellosis, 941



1063

INDEX

candidiasis, 941
cat-scratch disease, 941
Epstein-Barr virus, 941
histoplasmosis, 941
hydatid disease, 940
tuberculosis, 940

stomach, 58–62
anisakiasis, 63–64
Crohn’s disease, 63
cytomegalovirus, 63
eosinophilic gastroenteritis,

63
gastritis, 59–62
Helicobacter infection,

58–59
histoplasmosis, 64
malacoplakia, 63
peptic ulcer disease, 62–63
syphilis, 64
tuberculosis, 64

Infectious mononucleosis, 323,
941

Inferior mesenteric vein, 1023
Inferior vena cava, 991–995

aneurysm, 995
congenital abnormalities, 979
filters, 994–995
obstruction, 991–993, 1027
trauma, 982
tumor, 993–994

Infertility, 741
Inflammatory bowel disease,

196–203
appendicitis, 286–287
Crohn’s disease See Crohn’s

disease
differential diagnosis

clinical, 196–197
imaging, 197–198

pathologic findings, 196
surgery, 202–203

ileal pouch, 202–203
ileorectal anastomosis, 202
ileostomy, 202

ulcerative colitis See Ulcerative
colitis

Inflammatory fibroid polyp, 67
Inflammatory pseudotumor,

67–68, 518, 904
liver, 384

Inguinal hernia, 919–920
Insulinoma, 555–556
Internal hernia, 922–925

Interstitial cystitis, 691
Interureteric ridge edema,

694–695
Intrahepatic pseudocysts,

355–356
Intrahepatic spleen, 354
Intrauterine contraceptive device,

794
Intravenous cholangiography, 419
Intussusception, 91, 249–254

adult, 250–251
appendix, 291
complications, 254
contrast studies, 252–254
duodenum, 119–120
imaging, 251–252
jejunum and ileum, 169–170
paediatric, 251
stomach, 99

Iron overload, 334–336, 942
clinical, 334–335
imaging, 335–336
therapy, 336

Ischemia
abdominal vasculature,

988–1001
bladder, 694
jejunum and ileum, 150–151
kidney, 664
stomach, 65

Ischemic colitis, 214–216

J
Jejunum and ileum, 125–183

adynamic ileus, 171–172
amyloidosis, 152
angioneurotic edema,

151–152
benign neoplasms, 154–155

adenoma, 154
leiomyoma, 154
lipomatous tumors, 154–155

bowel wall biopsy, 128
computed tomography, 126

enteroclysis, 126
congenital abnormalities

agammaglobulinemia,
133

celiac disease, 131–133
cystic fibrosis, 130
duplication, 129
obstruction, 129–130
rotation, 128–129

contrast studies, 125–126
barium sulfate, 125
water-soluble agents,

125–126
dilatation, 162
diverticula, 173–174
drug-related ulceration, 150
immunosuppression, 176–178

AIDS, 176–177
graft-versus-host disease,

177–178
infection/inflammation,

137–150
acute enteritis, 146–147
anisakiasis, 150
ascariasis, 148–149
chronic idiopathic

enterocolitis, 146
Crohn’s disease, 137–146
cytomegalovirus, 150
giardiasis, 147
salmonella/shigella, 147
strongyloidiasis, 147–148
Whipple’s disease, 149–150
Yersinia enterocolitis, 147

ischemia, 150–151
lymphangiectasis, 152
magnetic resonance imaging,

127
malignant tumors, 155–159

adenocarcinoma, 155–156
lymphoma, 156–157
sarcoma, 157–159

mastocytosis, 152
neuroendocrine tumors,

159–162
carcinoid, 161–162
neurofibroma, 159–160
schwannoma/

neurilemmoma, 159
nonneoplastic tumors, 153–154

endometriosis, 154
hemangioma, 153
heterotopic pancreas, 153
inflammatory polyp, 153
lymphangioma, 154
lymphoid nodular

hyperplasia, 153
splenic rests, 153

obstruction, 162–171
adhesions, 166
barium studies, 164
cancer, 166–167
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Jejunum and ileum (cont.)
closed loop obstruction/

volvulus, 167–168
computed tomography,

164–166
detection, 163–166
foreign body, 170–171
gallstone ileus, 170
ileosigmoid knot, 168
intussusception, 169–170
magnetic resonance

imaging, 166
radiography, 163–164
strangulation, 168–169
therapy, 171
ultrasonography, 166

omphalomesenteric anomalies,
134–136

cysts and fistulas, 134
Meckel’s diverticulum,

134–136
percutaneous jejunostomy,

128
perforation/fistula, 173
pneumatosis intestinalis, 174
polyposis syndromes, 155
postoperative changes, 178
protein-losing

gastroenteropathy, 150
radiation damage, 151
scintigraphy, 127
systemic sclerosis

(scleroderma), 172
trauma, 136–137

bleeding/hematoma,
136–137

perforation, 137
shock bowel, 136
stricture, 137

vascular lesions, 174–176
aneurysm, 175
angiodysplasia, 175
bleeding detection, 176
Dieulafoy lesions, 175–176
etiology, 174–176
neoplasms, 175
telangiectasia, 175
varices, 175

wall thickening, 137–162
Johanson-Blizzard syndrome, 509
Juvenile polyposis syndromes, 70,

224
Juxtaglomerular tumor, 638

K
Kaposi’s sarcoma, 49, 84
Kartagener’s syndrome, 868
Katayama syndrome, 319
Kidneys and ureters, 571–683

amyloidosis, 660
biopsy, 575
calcifications, 649–653

in cysts, 653
hyperoxaluria, 653
nephrocalcinosis, 652–653
sarcoidosis, 653
urolithiasis, 649–652

computed tomography,
571–572

conduits, 675
congenital abnormalities,

576–587
Alagille’s syndrome, 583
Alport’s syndrome, 583
Bartter’s syndrome, 585
Beckwith-Wiedemann

syndrome, 585
congenital hydronephrosis

and hydroureter,
586–587

duplicated collecting system,
576–577

ectopia, 577–579
familial glomerulosclerosis,

584
glomerulocystic disease,

583
hemophilia, 585
hypoplasia, 576
medullary cystic disease,

583–584
multicystic dysplasia,

579–580
nephroptosis, 579
polycystic disease, 580–583
renal agenesis, 576
screening for, 576
sickle cell disease, 585
tuberous sclerosis, 584
tyrosinemia, 585–586
von Hipple-Lindau disease,

584–585
dialysis-associated findings,

661–662
dilated urinary tract, 640–646

diabetes insipidus, 646
during pregnancy, 646

urinary obstruction,
640–646

diverticula, 649
examination and surgical

complications
biopsy, 675
catheter and stent related,

675–677
contrast nephropathy,

677–678
nephrectomy, 677
nephrostomy, 677
ureteroscopy, 677
vascular complications, 677

gas in parenchyma/collecting
system, 653

immunosuppression/AIDS,
664–665

infection/inflammation,
591–600

abscess, 594–595
actinomycosis, 597
botryomycosis, 597
brucellosis, 597
echinococcal cyst, 596–597
Erdheim-Chester disease,

599
filariasis, 597
fungal infection, 595
leishmaniasis, 597
malacoplakia, 599
pyelonephritis

acute, 591–593
chronic, 598
emphysematous, 593–594

pyonephrosis, 595
schistosomiasis, 596
sinus lipomatosis, 599–600
Sjögren’s syndrome, 599
tuberculosis, 596
viral infection, 598
xanthogranulomatous

pyelonephritis, 598–599
intravascular hemolysis, 661
kidney transplantation,

665–674
failure, 674
posttransplant evaluation,

666–674
pretransplant donor

evaluation, 665–666
transplantation, 666

lupus nephritis, 660
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magnetic resonance imaging,
572–574

medullary sponge kidney,
659–660

nephrectomy, 674
papillary necrosis, 660, 661
percutaneous

nephrostomy/stenting,
575–576

perinephric conditions, 663
post-bone marrow transplant,

674
pseudoxanthoma elasticum,

661
pyeloureteritis cystica, 662
radiation nephritis, 660
radiography, 571
reflux, 646–649

clinical, 646–647
detection, 647–648
screening, 647
therapy, 648–649

renal failure/insufficiency,
653–659

acute cortical necrosis,
655–656

acute interstitial nephritis,
656

acute tubular necrosis,
655

chronic tubular dysfunction
disorders, 656–657

cirrhosis/hepatorenal
syndrome, 659

clinical, 653–654
diabetic nephropathy,

657–658
drug induced, 656
focal segmental

glomerulosclerosis,
658–659

glomerulonephritis, 658
hemolytic-uremic

syndrome, 659
imaging, 654–655
infection, 657
nephrotic syndrome, 659
post-bone marrow

transplantation, 659
in pregnancy, 657
rhabdomyolysis, 657
vascular causes, 655

scintigraphy, 574–575

small or large kidneys,
590–591

trauma, 587–590
blunt trauma, 587–589
penetrating injuries, 587
therapy, 590
vascular injury, 589–590

tumors, 600–640
adenoma and

adenocarcinoma,
606–624

biopsy, 614
chromophil adenoma and

carcinoma, 622–623
chromophobe adenoma,

623
classification, 606
clinical aspects, 606–608
cystic carcinoma, 621–622
detection, 609–614
duct of Bellini carcinoma,

623
oncocytoma, 623–624
pathology, 608–609
recurrence and follow-up,

620–621
staging, 614–618
therapy, 618–620

AIDS-related, 665
dialysis-associated, 662
epithelial, 626–632

mesoblastic nephroma,
631–632

metanephric
adenofibroma, 631

metanephric nephroma,
630–631

metanephric stromal
tumor, 631

multilocular cystic
nephroma/cystic
partially differentiated
nephroblastoma,
629–630

Wilms’ tumor, 627–629
indeterminate, 600
lymphoma/leukemia, 632
mesenchymal neoplasms,

633–639
angiomatous neoplasms,

637
angiomyolipoma, 633–637
clear cell sarcoma, 637

hemangiopericytoma, 638
histiocytoma, 638
leiomyomatous

neoplasms, 637
lymphangiomyoma, 637
ossifying renal tumor of

infancy, 637–638
osteogenic sarcoma, 638
renal capsule neoplasms,

638–639
reninoma, 638

metastases, 639
multiple myeloma, 633
neuroendocrine tumors, 640
nonneoplastic, 600–605

arteriovenous
malformation, 601

cystic nonneoplastic
conditions, 602–605

ectopic splenic tissue, 600
fibroepithelial polyp, 601
hamartoma, 601
hemangioma, 601
inflammatory

pseudotumor, 601
lobar dysmorphism,

600–601
papillary endothelial

hyperplasia, 601–602
Rosai-Dorfman disease,

601
perinephric, 663
rhabdoid tumor, 639–640
urothelial, 624–626

medullary carcinoma, 626
nephrogenic metaplasia/

adenoma, 625–626
papilloma, 624
sarcomatoid carcinoma,

626
squamous cell carcinoma,

626
transitional cell

carcinoma, 624–625
ultrasonography, 572
urography, 571
vascular disorders, 663–664

ischemia, 664
nephrosclerosis, 664

Kikuchi-Fujimoto disease, 900
Killian-Jamieson diverticula, 44
Klatskin tumor, 473–476
Klebsiella pneumoniae, 312
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Klippel-Trénaunay syndrome, 601
Krukenberg tumor, 762

L
Laënnec’s cirrhosis, 328
Langerhans cell histiocytosis, 507
Laparoscopy, appendicitis,

287–288
Large bowel See Colon
Larva migrans, visceral, 319
Leiomyoblastoma, 84
Leiomyoma

bladder, 696
colon, 221
esophagus, 21–22
jejunum and ileum, 154
stomach, 68–69
uterus, 769–773

Leiomyosarcoma
esophagus, 31–32
gastric, 83–84
inferior vena cava, 993–994
liver, 384
uterus, 778

Leishmaniasis, 597
Leptospirosis, 528
Leriche’s syndrome, 858, 991
Leser-Trelat sign, 225, 531, 697
Leukemia

bile duct, 478–479
duodenum, 116
gastric, 81
kidney, 632
liver, 383
ovary, 763
pancreas, 543
prostate, 828
spleen, 947
testis, 852

Leydig cell tumors, 850–851
Linitis plastica, 70, 71, 233
Lipoma

colon, 221–222
liver, 358
uterus, 773

Lipomatosis, 528–529
Lipomatous tumors

jejunum and ileum, 154–155
stomach, 69

Liposarcoma
esophagus, 32
gastric, 84

Lithotripsy, 486

Liver, 293–417
angiography, 301
biopsy, 301–302
bone marrow transplantation,

411
calcification, 399
computed tomography,

293–295
computed tomography

angiography, 294–295
congenital abnormalities,

302–309
accessory lobe, 302–303
Gaucher’s disease, 305
glycogen storage disease,

303–304
hereditary hemorrhagic

telangiectasia, 307–309
lobe atresia/agenesis, 302
Niemann-Pick disease, 305
polycystic diseases, 305–307
sickle cell disease, 305
situs inversus, 302
tyrosinemia, 304
Wilson’s disease, 304–305
a1-antitrypsin deficiency,

304
examination complications,

411–412
thorotrastosis, 411–412
vascular procedures, 411

hepatectomy/embolization, 411
HIV/AIDS, 401–402
infection/inflammation,

312–325
abscess, 312–314
actinomycosis, 320
botryomycosis, 320–321
fungal, 318–319
hepatitis, 321–325
hydatid cyst, 314–318
schistosomiasis, 207–208,

319–320
syphilis, 320
tuberculosis, 318
visceral larva migrans,

319
magnetic resonance imaging,

296–299
metabolic disorders, 325–338

amyloidosis, 336–337
cholestasis, 325
cirrhosis, 327–333

fatty liver (steatosis),
325–327

fibrosis, 333–334
iron overload, 334–336
pregnancy, 337–338
reticuloendothelial failure,

337
sarcoidosis, 337
silicosis, 336
vanishing bile duct

syndrome, 334
monoclonal antibody

scintigraphy, 301
positron emission tomography,

300–301
scintigraphy, 299–301
transplantation, 402–411

complications, 404–411
biliary, 404–405
in children, 410–411
malignancy/

lymphoproliferative
disorder, 408–410

postbiopsy, 408
rejection, 404
vascular, 405–408

intraoperative, 403–404
posttransplant, 404
pretransplant, 402–403

trauma, 309–312
biloma, 311–312
hemorrhage/hematoma,

310–311
imaging, 310
laceration/rupture, 311
management, 309–310
porta hepatis injury, 312

tumors, 338–399
benign, 338
benign neoplasms, 356–359

adenoma, 356–358
angiolipoma, 358–359
lipoma, 358

biopsy, 341
computed tomography, 339
detection of, 338–339
differential diagnosis,

341–342
hemangioendothelioma,

397–398
hemangiopericytoma, 399
magnetic resonance

imaging, 340–341
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malignant, 359–395
adenosquamous/

squamous carcinoma,
381–382

combined hepatocellular
and
cholangiocarcinomas,
381

fibrolamellar
hepatocellular
carcinoma, 380–381

hepatoblastoma, 383–384
hepatocellular carcinoma,

359–380
leukemia, 383
lymphoma, 382–383
metastases, 386–395
sarcoma, 384–385
undifferentiated

carcinoma/sarcoma,
385–386

neuroendocrine, 395–397
nonneoplastic, 342–356

adult cavernous
hemangioma, 343–347

cystic lesions, 354–356
dysplastic nodules,

353–354
extramedullary

hematopoiesis, 354
focal nodular hyperplasia,

348–351
infantile hemangioma,

347–348
inflammatory tumor, 351
intrahepatic spleen, 354
nodular regenerative

hyperplasia, 351
peliosis hepatitis, 348
regenerating nodules in

cirrhosis, 351–353
solitary (fibrosing)

necrotic nodule, 348
teratoma, 68, 354

ultrasonography, 339
ultrasonography, 295–296

contrast agents, 296
conventional (grey scale), 295
Doppler, 296
intraoperative, 295–296

vascular disorders, 399–401
idiopathic portal

hypertension, 401

infarction, 400
shunts, 400–401
vascular congestion, 399–400
veno-occlusive disease,

400
Lumbar hernia, 921–922
Lupus nephritis, 660
Lupus peritonitis, 881
Lymphangiectasia, 152

kidney, 605
Lymphangioleiomyomatosis,

903
Lymphangioma, 154

colon, 219
liver, 355
pancreas, 530
scrotum, 843
spleen, 946

Lymphangiomyoma, 637
Lymphocele, 843
Lymphocytic gastritis, 62,

132–133
Lymphoepithelial cyst, 529–530
Lymphography, 867
Lymphoid nodular hyperplasia,

153
Lymphoid nodules of colon, 219
Lymphoma

adrenals, 968
bile duct, 478–479
bladder, 705
colon, 244–245
duodenum, 116
esophagus, 31
gallbladder, 461
gastric, 79–81
jejunum and ileum, 156–157
kidney, 632
liver, 382–383
ovary, 763
pancreas, 543
peritoneum, 900–903
prostate, 828
spleen, 846–847
testis, 852

Lymphoplasmacytic pancreatitis,
519

Lynch syndrome, 225

M
McArdle’s disease, 304
McCune-Albright syndrome, 729,

748

Magnetic resonance imaging
abdominal vasculature,

976–978
acute cholecystitis, 437–438
acute pancreatitis, 516
adrenals, 953
adult cavernous hemangioma,

346–347
appendicitis, 285
bladder, 686
cholangiography, 420–422
choledocholithiasis, 488–489
chronic pancreatitis, 521
colonoscopy, 188–190
contrast agents, 127
Crohn’s disease, 141–142
esophagus, 4
gallbladder tumors, 456
gastric cancer, 77
hepatocellular carcinoma,

366–370
jejunum and ileum, 127
kidneys and ureters, 572–574
liver, 296–299, 340–341, 342
male reproductive tract, 801
pancreas, 502
pancreatic adenocarcinoma,

535–536, 539
peritoneum, 866
precontrast, 297
pregnancy, 735
renal adenoma/

adenocarcinoma,
612–614

renal artery stenosis, 1032
small bowel obstruction,

166
spleen, 933
stomach, 56

Magnetic resonance urography,
573–574

Malacoplakia, 63, 213, 599, 694
prostate, 814
scrotum, 839

Male reproductive tract, 801–862
biopsy, 802
calcifications, 854
cavernosography, 802
congenital abnormalities,

802–809
persistent Müllerian duct

syndrome, 803
prostate, 802
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Male reproductive tract (cont.)
testes, 806–809

adrenal rests, 808–809
anorchia/cryptorchidism,

806–808
dysplasia, 808
polyorchidism, 808
splenogonadal fusion, 808
vas deferens, 808

urethra, 803–806
diverticulum, 805
duplication, 803
epispadias, 806
hypospadias, 805–806
megalourethra, 806
strictures, 804
valves, 803–804

Wolffian duct structures,
802–803

hemospermia, 829–830
HIV/AIDS, 858
magnetic resonance imaging,

801
penis, 830–834

Cowper’s glands, 832
impotence, 833
Peyronie’s disease, 832–833
priapism, 832
thrombophlebitis, 834
tumors, 831–832
urethra, 830–831

postoperative changes
postbiopsy, 858
postvasectomy, 858
prostate, 858

prostate, 810–829
hyperplasia/hypertrophy,

810–813
infection/inflammation,

813–814
tumors, 814–829

benign neoplasm, 814
lymphoma/leukemia,

828
mesenchymal, 828–829
prostate carcinoma,

814–828
prostatic and Müllerian

cysts, 814
sclerosing adenosis, 814
small cell/anaplastic

carcinoma, 828
scintigraphy, 802

scrotum and spermatic cord,
834–853

acute scrotum, 834
infection/inflammation,

836–839
epididymitis, 836–837
Fournier’s gangrene, 839
granuloma, 839
idiopathic granulomatous

orchitis, 838–839
malacoplakia, 839
orchitis, 837–838
tuberculosis, 838

sarcoidosis, 839
testicular appendage

torsion, 836
testicular torsion, 834–836
tumors, 839–853

arteriovenous
malformation, 843

cystocele, 843
epidermoid cyst, 841
epididymal cyst, 842
extratesticular fluid, 842
hematocele, 843
hydrocele, 842–843
lymphangioma, 843
lymphocele, 843
pyocele, 843
rete testis dilatation, 841
simple testicular cyst,

840–841
spermatocele, 842
testicular, 843–853
tunica albuginea cyst, 841

scrotum and spermic cord,
infection/inflammation,
scrotum and spermatic
cord, brucellosis, 838

trauma, 809–810
penis, 809–810
scrotum and testes, 810
urethra, 809–810

ultrasonography, 801
urethrography, 802
vascular abnormalities,

854–858
ischemia, 857
Leriche’s syndrome, 858
prostatodynia, 857
varicocele, 854–857

vesiculography, 802
Wolffian duct structures, 828

Malignancy
colon, 224–248
duodenum, 111–118
esophagus, 20–35
gastric, 76
jejunum and ileum, 144
stomach, 70–78
See also Tumors; and

individual organs
Malignant germ cell tumor,

760–762
Malignant melanoma See

Melanoma
Malignant mesothelioma, 853
Mallory-Weiss tear, 9
MALT lymphoma, 79
Manometry, esophageal, 4
Masson’s tumor, 601
Mastocytosis, 152
Mature cystic teratoma, 749–751
Mayer-Rokitansky-Küster-Hauser

syndrome, 723
Meckel’s diverticulum, 134–136

clinical picture, 134–135
complications, 135–136
therapy, 136

Meconium ileus, 130
Meconium ileus equivalent, 130
Meconium peritonitis, 881
Meconium plug syndrome, 193
Median arcuate ligament

syndrome, 91–92
Medullary cystic disease, 583–584
Medullary sponge kidney,

659–660
Megacystis-microcolon-intestinal

hypoperistalsis
syndrome, 193

Megalourethra, 806
Meigs’ syndrome, 764–765
Melanoma

bile duct, 479
colon, 246
esophagus, 32–33
gallbladder, 461
liver metastases, 390
peritoneum, 913
small bowel, 159
vaginal, 784

Melanosis, duodenal, 121
Ménétrier’s disease, 65
Meningocele, 917
Mesenteric adenitis, 899
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Mesenteric fibromatosis, 145
Mesentery See Peritoneum
Mesoblastic nephroma, 631–632
Mesothelioma, 762
Metabolic disorders, 325–338

amyloidosis See Amyloidosis
cholestasis, 325
cirrhosis See Cirrhosis
fatty liver (steatosis), 325–327
fibrosis, 333–334
iron overload See Iron

overload
in pregnancy, 337–338
reticuloendothelial failure,

337
sarcoidosis See Sarcoidosis
silicosis, 336
spleen, 941–943
vanishing bile duct syndrome,

334
Metachromic leukodystrophy,

434–435
Metanephric adenofibroma, 63
Metanephric nephroma, 630–631
Metanephric stromal tumor,

631
Microwave coagulation therapy,

379, 393
Midgut malrotation, 128–129
Mirizzi syndrome, 465–466
Morgagni hernia, 918
MRI See Magnetic resonance

imaging
Mucocele, appendix, 289–290
Mucormycosis, 319
Müllerian cysts, 814
Müllerian duct anomalies,

722–728
agenesis/hypoplasia, 723,

724
bicornuate uterus, 724–725
didelphys, 724, 725, 726, 727
diethyl stilbestrol-related,

727–728
imaging, 722–723
septate uterus, 725, 727, 728
unicornuate uterus, 723, 725

Multicystic dysplasia, 579–580
Multilocular cystic nephroma,

629–630
Multiple endocrine neoplasia

syndrome, 509–510
Multiple gallbladders, 425

Multiple hamartoma syndrome
(Cowden’s syndrome),
223–224

Multiple mucosal neuroma
syndrome, 509

Multiple myeloma
kidney, 633
spleen, 947

Multiseptate gallbladder, 425–426
Musculoskeletal problems in

Crohn’s disease,
142–143

Myasthenia gravis, 41
Mycotic aneurysm, 986–987
Myelolipoma, 969
Myeloma, testicular, 852
Myotonic dystrophy, 41

N
Nail-patella syndrome, 584
Necrosis, duodenal, 111
Necrotizing lymphadenitis, 900
Necrotizing pancreatitis, 511, 517
Neonatal ascites, 891
Neonatal cholestasis, 428–429
Neonatal necrotizing

enterocolitis, 213–214
Nephrectomy, 674, 677
Nephroblastomatosis, 627
Nephrocalcinosis, 652–653
Nephrogenic

metaplasia/adenoma,
625–626

Nephropathy See Pyelonephritis,
chronic

Nephroptosis, 579
Nephrosclerosis, 664
Nephrostomy, 677
Nephrotic syndrome, 659
Nesidioblastosis, 556
Neurilemmoma, 159
Neuroblastoma, 966–968
Neuroendocrine tumors,

159–162
bile duct, 483–484
bladder, 706–707
colon, 246–248
kidneys and ureters, 640
liver, 395–397
neurofibroma, 159–160
pancreas, 553–559
peritoneum, 914–917
See also individual tumor types

Neurofibroma, 159–160, 559
Neutropenic colitis, 209–210
Niemann-Pick disease, 305,

935
Nodular regenerative

hyperplasia, 351
Nonfamilial polyposis, 69–70
Noninsulinoma pancreatogenous

hypoglycemic
syndrome, 556

Nonsteroidal antiinflammatory
drug colopathy,
211–212

Noonan’s syndrome, 870
Nutcracker esophagus, 41

O
Obesity, surgery for, 100–101, 178
Obstruction

bile duct, 461–484
bladder, 707
bowel, 118–120, 129–130, 164,

192–194
closed loop, 167–168
Fallopian tube, 785–786
gastric outlet, 88–92
inferior vena cava, 991–993,

1027
Obturator hernia, 920
Oculopharyngeal muscular

dystrophy, 42
Ogilvie’s syndrome, 254–255
Omentum, 926
Omphalocele, 869
Oncocytoma, 623–624
Oophorectomy, 794
Operative cholangiography, 422
Oral cholecystography, 423
Orchitis, 837–838

idiopathic granulomatous,
838–839

Ormond’s diseas, 886–888
Osler-Weber-Rendu syndrome,

94, 307–309
Ossifying renal tumor of infancy,

637–638
Osteogenic sarcoma, 638
Osteoporosis, Crohn’s disease,

143
Ovarian hyperstimulation

syndrome, 741
Ovarian pregnancy, 736
Ovarian torsion, 730–731
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Ovarian tumors, 745–765
benign, 746
carcinoid, 764
corpus luteum cysts, 749
endometrioid, 756
fibroma/thecoma, 746
follicular cysts, 748–749
granulosa cell tumor, 746–747
hemorrhagic cysts, 749
leukemia/lymphoma, 763
malignant germ cell tumor,

760–762
mature cystic teratoma/

dermoid cyst, 749–751
Meigs’ syndrome, 764–765
metastases, 762–763
paraovarian and paratubal

cysts, 749
polycystic disease, 752
primary ovarian

neuroendocrine
tumors, 764

renin secreting tumor, 764
Sertoli-Leydig cell tumor, 747
small cell carcinoma, 763–764
struma ovarii, 751–752
theca-lutein cysts, 749

Ovarian varicocele, 789
Ovarian vein syndrome, 646
Ovarian vein

thrombophlebitis/thro
mbosis, 789–790

P
Pancreas, 501–568

biopsy, 504
complications, 563

computed tomography, 501
congenital abnormalities,

504–510
aberrant duct insertion, 507
agenesis, 504
annular pancreas, 505, 506
cysts, 507
ectopic pancreas, 506–507
hereditary dysfunction,

507–509
cystic fibrosis, 507–508
pancreatitis, 508

histiocytosis, 507
multiple endocrine

neoplasia syndromes,
509–510

pancreas divisum, 504, 506
von Hippel-Lindau disease,

510
diabetes mellitus, 559–560
endoscopic retrograde

cholangiopancreatogra
phy, 562–563

heterotopic, 68, 153
immunosuppression, 560
infection/inflammation,

511–529
acute pancreatitis, 511–518
amyloidosis, 529
chronic pancreatitis,

518–523
clonorchis infestation, 528
complications of

pancreatitis, 523–528
Dengue hemorrhagic fever,

528
focal pancreatitis, 518
iron overload, 529
leptospirosis, 528
lipomatosis, 528–529
sarcoidosis, 529

laparoscopy, 562
magnetic resonance imaging,

502
pancreatography, 502–503
pancreatoscopy, 503
resection, 562
scintigraphy, 503
transplantation, 560–562

complications, 561–562
indications, 560–561
results, 561

trauma, 510–511
tumors, 529–559

benign neoplasms, 530
cystic neoplasms, 544–553

clinical, 544–545
imaging, 545
intraductal mucin-

producing tumors,
550–551

microcystic (serous)
neoplasm, 546

mucinous cystic
neoplasms, 546–550

oncocytic tumors,
551–552

papillary cystic
neoplasms, 552–553

differential diagnosis, 529
malignant, 530–544

adenocarcinoma, 530–542
adenosquamous

carcinoma, 542
hepatoid carcinoma, 543
lymphoma/leukemia, 543
metastases, 544
pancreaticoblastoma, 543
plasmacytoma, 543–544
pleomorphic carcinoma,

542–543
sarcoma, 544
small cell carcinoma,

542
neuroendocrine, 553–559

carcinoid, 558
clinical, 553
gastrinoma, 556–557
glucagonoma, 557–558
hyperinsulinoma, 555–556
imaging, 553–555
neurofibroma, 559
nonfunctioning islet cell

tumor, 559
paraganglioma, 558
schwannoma, 559
somatostatinoma, 558
vasoactive intestinal

peptide tumors, 558
nonneoplastic, 529–530

lymphangioma, 530
lymphoepithelial cyst,

529–530
ultrasonography, 501–502
vascular lesions, 560

Pancreas divisum, 504, 506
Pancreatic adenocarcinoma,

530–542
biopsy, 536–537
etiology, 531
imaging, 533–536
screening, 531
serum markers, 532–533
staging, 536–539
therapy, 539–542

Pancreaticoblastoma, 543
Pancreatitis, 110

acute, 511–518
classification, 511
clinical, 513–514
etiology, 511–513

bile duct related, 512
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congenital anomaly,
511–512

drug related, 513
endoscopic retrograde

cholangiopancreatogra
phy induced, 512

ethanol, 512
infection, 512–513
neoplasm, 513
vascular, 513

imaging, 514–516
prognosis, 517–518
therapy, 516–517

autoimmune, 519
chronic, 518–523

calcifications, 522
classification, 518
clinical, 519–520

chronic calcifying, 520
chronic obstructive,

519–520
idiopathic fibrosing, 519
tropical calcific, 520
tuberculous, 520

etiology, 518–519
imaging, 521–522
malignant potential, 520
pathology, 520–521
therapy, 522–523

complications, 523–528
abscess, 526–527
biliary, 526
fistulas, 524
gastrointestinal tract, 526
pseudocyst, 524–526
spleen, 526
vascular, 526–527

focal, 518
gallstone, 516–517
groove, 518
hemorrhagic, 511
lymphoplasmacytic, 519
necrotizing, 511, 517
sclerotic, 519

Pancreatography, 502–503
chronic pancreatitis, 521–522
computed tomography, 503
endoscopic, 502
magnetic resonance, 503
percutaneous, 503

Pancreatoscopy, 503
Papillary endothelial hyperplasia,

601–602

Papilla of Vater, carcinoma, 478
Papilloma

bile duct, 467–468
bladder, 696
esophagus, 21
kidney, 624
pancreas, 530

Papillomatosis
bile duct, 467–468
pancreas, 530

Paraduodenal hernia, 923–924
Paraganglioma, 118, 558

bladder, 706–707
Paraovarian/paratubal cysts, 749
Parapelvic cyst, 604
Paravaginal cysts, 784–785
Parkinson’s disease, 42
Pearson marrow-pancreas

syndrome, 508
Peliosis, 944–945
Peliosis hepatitis, 348
Pelvic congestion syndrome, 789
Pelvic floor abnormalities,

787–789
Pelvic inflammatory disease, 732
Pelvic prolapse, 787–789
Pelvic vein, 1023
Pemphigoid, 36
Penis, 830–834

Cowper’s glands, 832
impotence, 833
Peyronie’s disease, 832–833
priapism, 832
thrombophlebitis, 834
trauma, 809–810
tumors, 831–832
urethra, 830–831

Peptic ulcer, 62–63, 109–110
Percutaneous jejunostomy, 128
Percutaneous nephrostomy/

stenting, 575–576
Percutaneous transhepatic

cholangiography,
422

complications, 497
Perforated cholecystitis, 439
Perforation

colon, 261
duodenum, 121–122
jejunum and ileum

Crohn’s disease, 143–144
traumatic, 137

small bowel, 137, 173

Periampullary tumors, 112–115
Perianal fistula, 262–263
Periarteritis nodosa, 886
Peribiliary cysts, 354–355
Peripheral washout sign, 389
Peritoneal fluid, 871–872
Peritoneal foreign bodies, 927
Peritoneal lavage, 781
Peritoneography, 867–868
Peritoneum, 865–932

acute abdomen, 876–877
biopsy, 868
computed tomography, 865
congenital abnormalities,

868–870
abdominal wall defects,

869–870
diaphragmatic

abnormalities, 870
heterotaxy syndrome,

868–869
Noonan’s syndrome, 870
situs, 868

diaphragm, 926
diffuse infiltration, 886–889

amyloidosis, 888
extramedullary

hemopoiesis, 888
fibrosis/desmoid, 886–888
sarcoidosis, 888
systemic mast cell disease,

888–889
xanthogranulomatosis/

Erdheim-Chester
disease, 888

ectopic pregnancy, 917–918
endometriosis, 927
examination and surgical

complications
biopsy, 929
dialysis, 928
heterotopic calcifications,

929–930
laparoscopy, 928–929
retained sponges, 929
tumor seeding, 929
ventriculoperitoneal shunts,

928
fibrosis/adhesions, 925
fistula, 925
fluid collections, 889–898

ascites, 889–892
cysts, 894–896
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Peritoneum (cont.)
hemangioma, 896
hematoma, 893–894
hemoperitoneum, 892–893
lymphangioma, 896–897
pseudomyxoma peritonei,

897–898
urinoma, 892

hernias, 918–925
diaphragmatic, 918–919

Bochdalek hernia,
918–919

Morgagni hernia, 918
femoral hernia, 919
incisional hernia, 922
inguinal hernia, 919–920
internal hernia, 922–925
lumbar hernia, 921–922
obturator hernia, 920
sciatic foramen hernia, 922
spigelian hernia, 920–921
ventral hernia, 919

immunosuppression, 927–928
infection/inflammation,

877–886
abscess, 877–880

abdominal wall, 879
intraperitoneal, 877–879
psoas muscle abscess,

879–880
echinococcosis, 885
filariasis, 885
parasitic infestation,

885–886
peritonitis, 880–883

in cirrosis, 881
infectious, 880–881
lupus, 881
meconium, 881
sclerosing, 881–883
vernix caseosa-induced,

881
tuberculosis, 883–885

lymphography, 867
magnetic resonance imaging,

866
nerve block, 868
omentum, 926
peritoneal foreign bodies, 927
peritoneography, 867–868
pneumoperitoneum, 925–926
pneumoretroperitoneum, 926
scintigraphy, 866–867

solid tumors, 898–917
adenopathy, 898–900
germ cell tumors, 913
imaging, 898
inflammatory pseudotumor,

904
lymphangioleiomyomatosis,

903
lymphoma, 900–903
malignant melanoma, 913
mesenchymal tumors,

906–913
epithelioid hemangioen-

dothelioma, 909–910
fat-containing tumors,

910–911
hemangiopericytoma,

911
histiocytic tumors,

912–913
leiomyomatous tumors,

911–912
mesothelioma, 907–909
osteogenic tumors,

913
metastases/carcinomatosis,

905–906
neuroendocrine tumors,

914–917
carcinoid, 916–917
ganglioneuroma, 914
neurofibromatous tumors,

915–916
pheochromocytoma,

914–915
schwannoma, 915

plasmacytoma, 903
presacral tumors, 917
primary carcinoma,

904–905
small cell carcinoma,

913–914
trauma, 870–876

barotrauma, 876
bowel injury/perforation,

873–874
diagnostic peritoneal lavage,

871
diaphragmatic injury,

874–876
imaging, 872–873
penetrating injury, 871
peritoneal fluid, 871–872

stable patient, 870–871
unstable patient, 870

ultrasonography, 865–866
Peritonitis, 880–883

in cirrosis, 881
infectious, 880–881
lupus, 881
meconium, 881
sclerosing, 881–883
vernix caseosa-induced, 881

Persistent Müllerian duct
syndrome, 803

Persistent trophoblastic neoplasia
complex, 740–741

Peutz-Jeghers syndrome, 70, 224
Peyronie’s disease, 832–833
Pharyngeal tumors, 22
Pheochromocytoma, 914–915,

964–966
clinical, 964–965
imaging, 965–966
therapy, 966

Phlebosclerotic colitis, 216
Phlegmon, 511, 640
Phlegmonous colitis, 207
Phlegmonous esophagitis, 18
Phlegmonous gastritis, 64–65
Photocoagulation, 379, 393
Phytobezoar, 465
Placenta, 738
Plasmacytoma, 81, 543–544, 903,

947
Pleomorphic carcinoma,

pancreas, 542–543
Plummer-Vinson syndrome, 36
Pneumatosis

coli, 264
female reproductive tract,

789
intestinalis, 174

Pneumoperitoneum, 925–926
Pneumoretroperitoneum, 926
Polycystic disease, 580–583
Polyorchidism, 808
Polyp

cholesterol, 456
colon, 267
endometrial, 768
fibroepithelial, 601
heteroplastic, 67
hyperplastic/inflammatory,

457
inflammatory fibroid, 67
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Polyposis syndromes, 69–70
Cronkhite-Canada syndrome,

70
duodenum, 112
familial polyposis, 70
jejunum and ileum, 155
juvenile polyposis, 70
nonfamilial polyposis, 69–70
Peutz-Jeghers syndrome, 70

Polyps
colon

hyperplastic, 217–218
inflammatory fibroid, 218
juvenile, 218

jejunum and ileum, 143
Polysplenia, 934
Pompe’s disease, 304
Porcelain gallbladder, 448
Porta hepatis injury, 312
Portal hypertension, 948–949,

1004–1021
clinical aspects, 1007
collateral veins, 1012–1014
colopathy, 266–267
etiology and pathogenesis,

1005–1007
gastropathy, 96
imaging, 1007–1008
portal vein cavernous

transformation,
1011–1012

portal vein obstruction/
thrombosis, 1008–1012

pressure and flow
measurements,
1004–1005

therapy, 1014–1021
medical, 1014–1015
stenting, 1021
surgical, 1015
TIPS, 1015–1021

Portal vein, 1004–1022
aneurysm, 1021
calcification, 1022
cavernous transformation,

1011–1012
gas, 1021
obstruction/thrombosis,

1008–1012
portal hypertension,

1004–1021
tumors, 1022

Portosystemic shunts, 1012–1014

Positron emission tomography,
300–301

Postpancreaticoenteric
anastomosis, 99–100

Postpartum bleeding, 739
Potter sequence, 576
Preeclampsia, 737–738
Pregnancy

acute cholecystitis, 440–441
antepartum bleeding, 738–739
appendicitis, 287
ectopic See Ectopic pregnancy
gestational trophoblastic

disease, 739–741
heterotopic, 737
liver in, 337–338
normal, 734–735
ovarian hyperstimulation

syndrome, 741
placenta, 738
postpartum bleeding, 739
preeclampsia, 737–738
renal failure in, 657
urinary tract dilatation, 646
uterine dehiscence, 737
uterine rupture, 737

Primary biliary cirrhosis,
332–333

Primary sclerosing cholangitis,
452–455

Proctography, 185–186
Progressive familial intrahepatic

cholestasis, 431
Progressive supranuclear palsy,

42
Progressive systemic sclerosis,

40–41
Prolapse

pelvic floor, 787–789
rectal, 258–260

Prostate, 810–829
calcifications, 854
congenital abnormalities, 802
hyperplasia/hypertrophy,

810–813
clinical, 810–811
imaging, 811
therapy, 812–814

infection/inflammation,
813–814

tumors, 814–829
benign neoplasm, 814
lymphoma/leukemia, 828

mesenchymal, 828–829
prostate carcinoma See

Prostatic carcinoma
prostatic and Müllerian

cysts, 814
sclerosing adenosis, 814
small cell/anaplastic

carcinoma, 828
Prostatic carcinoma, 814–828

clinical aspects, 814–817
detection, 818–821
outcome/follow-up, 827–828
pathologic study, 817–818
staging, 821–825
therapy, 825–827

Prostatic cysts, 814
Prostatitis, 813
Prostatodynia, 857
Protein-losing gastroenteropathy,

150
Prune belly syndrome, 869–870
Psammoma tumors, 759
Pseudodiverticulosis, 44
Pseudohermaphroditism, 728
Pseudomelanosis duodeni, 120
Pseudomyxoma peritonei,

897–898
Pseudosarcoma, bladder, 695
Pseudoxanthoma elasticum, 661,

988
Puborectalis syndrome, 260
Pyelonephritis

acute, 591–593
adults, 592–593
children, 592

chronic, 598
emphysematous, 593–594

Pyeloureteritis cystica, 662
Pyocele, 843
Pyogenic abscess, 312–313
Pyogenic cholangitis, 449
Pyometra, 774
Pyonephrosis, 594

R
Radiation effects

bladder, 694
esophagus, 19–20
small bowel, 151
stomach, 65

Radiation hepatitis, 324–325
Radiation nephritis, 660
Radiation proctocolitis, 216
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Radioembolization, 376
Radiofrequency ablation,

392–393
Radiofrequency coagulation,

377–379
Radiography

appendicitis, 283
kidneys and ureters, 571
small bowel obstruction,

163–164
Radioimmunotherapy, 240
Radiopharmaceuticals, 300
Rectal atresia, 192
Rectal diverticula, 256
Rectal prolapse, 258–260
Rectocele, 257–258
Rectovaginal fistula, 263
Reflux esophagitis, 12–14

clinical signs, 12
imaging, 12–13
therapy, 13–14

Renal ablation/embolization,
1036

Renal agenesis, 576
Renal artery

aneurysm, 1036–1037
stenosis, 1028–1036

clinical, 1029–1030
detection, 1030–1034
etiology, 1028–1029
therapy, 1034–1036

Renal carbuncle, 594–595
Renal colic, 642–644
Renal failure/insufficiency,

653–659
acute cortical necrosis,

655–656
acute interstitial nephritis,

656
acute tubular necrosis, 655
chronic tubular dysfunction

disorders, 656–657
cirrhosis/hepatorenal

syndrome, 659
clinical, 653–654
diabetic nephropathy, 657–658
drug induced, 656
focal segmental

glomerulosclerosis,
658–659

glomerulonephritis, 658
hemolytic-uremic syndrome,

659

imaging, 654–655
infection, 657
nephrotic syndrome, 659
post-bone marrow

transplantation, 659
in pregnancy, 657
rhabdomyolysis, 657
vascular causes, 655

Renal hypertension, 1027–1036
nonrenal causes, 1027
nonvascular renal causes,

1027–1028
renal artery stenosis,

1028–1036
Renal varices, 1038
Renal vein occlusion, 1037–1038
Reninoma, 638
Renin secreting tumor, 764
Renocolic fistula, 263
Replacement lipomatosis, 599
Reproductive system

female See Female
reproductive tract

male See Male reproductive
tract

Retained gastric antrum, 101–102
Rete testis dilatation, 841
Reticuloendothelial failure, 337
Retrocaval ureter, 646
Rhabdoid tumor, colon, 246
Rhabdomyolysis, 657
Rhabdomyosarcoma, 778

paratesticular, 853
Rosai-Dorfman disease, 601
Rotational abnormalities of

bowel, 128–129
Rotor’s syndrome, 431

S
Salmonella, 147
Salpingitis isthmica nodosa,

733
Sarcoidosis, 20, 65–66

duodenum, 111
kidney, 653
liver, 337
pancreas, 529
peritoneum, 888
scrotum, 839
spleen, 942
stomach, 65–66

Sarcoma
bile duct, 479

bladder, 705
colon, 245
gastric, 81
jejunum and ileum, 157–159
liver, 384–385
ovary, 759–760
pancreas, 544
uterus, 777–778
vaginal, 784

Schatzki’s ring, 36
Schistosomal cystitis, 693
Schistosomiasis

colitis, 207–208
cystitis, 693
kidneys and ureters, 596
liver, 319–320

Schwannoma
colon, 247
esophagus, 33–34
gastric, 86
jejunum and ileum, 159
liver, 396
pancreas, 559
peritoneum, 915

Sciatic foramen hernia, 922
Scintigraphy

abdominal vasculature, 978
acute cholecystitis, 438–439
acute pancreatitis, 516
adult cavernous hemangioma,

347
appendicitis, 285–286
bile duct tumors, 463
bladder, 686
colon, 191
Crohn’s disease, 142
esophagus, 4
female reproductive tract,

721–722
gallbladder and bile ducts,

423–424
hepatocellular carcinoma,

370
jejunum and ileum, 127
kidneys and ureters, 574–575
liver, 299–301
male reproductive tract, 802
pancreas, 503
pancreatic adenocarcinoma,

536
peritoneum, 866–867
renal adenoma/

adenocarcinoma, 614
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renal artery stenosis,
1032–1033

spleen, 933
stomach, 56

Scleroderma, 92, 172
Sclerosing peritonitis, 881–883
Sclerotherapy, 46
Sclerotic pancreatitis, 519
Scrotum and spermatic cord,

834–853
acute scrotum, 834
infection/inflammation,

836–839
epididymitis, 836–837
Fournier’s gangrene, 839
granuloma, 839
idiopathic granulomatous

orchitis, 838–839
malacoplakia, 839
orchitis, 837–838
tuberculosis, 838

sarcoidosis, 839
testicular appendage torsion,

836
testicular torsion, 834–836
trauma, 810
tumors, 839–853

arteriovenous malformation,
843

cystocele, 843
epidermoid cyst, 841
epididymal cyst, 842
extratesticular fluid, 842
hematocele, 843
hydrocele, 842–843
lymphangioma, 843
lymphocele, 843
pyocele, 843
rete testis dilatation, 841
simple testicular cyst,

840–841
spermatocele, 842
testicular, 843–853
tunica albuginea cyst, 841

Secondary biliary cirrhosis, 333
Seminal vesical disorders, 829
Septate uterus, 725, 727, 728
Sertoli cell tumors, 851
Sertoli-Leydig cell tumor, 747
Sex-cord stromal tumors, 746
Shigella, 147
Shock bowel, 136
Short bowel syndrome, 179, 195

Shwachman-Diamond syndrome,
508

Sickle cell disease, 305, 585, 935
Silicosis, 336
Sinus lipomatosis, 599–600
Sinus, urachal, 688–689
Sipple’s syndrome, 509
Sister Mary Joseph nodes, 905
Situs inversus, 302, 868
Situs solitus, 868
Sjögren’s syndrome, 43, 599
Small bowel

adenocarcinoma, 133
adhesions, 166
aneurysm, 175
atresia, 129–130
cyst, 134
fistula, 134, 137, 143–144, 173
hemorrhage, 136–137
melanoma, 159
obstruction, 162–171
perforation, 137, 173
stricture, 137
transplantation, 178
See also jejunum and ileum

Small cell carcinoma, 78–79
pancreas, 542

SMA syndrome, 119
Soft tissue rim sign, 643
Solitary (fibrosing) necrotic

nodule, 348
Solitary rectal ulcer syndrome,

258–260
Somatostatinoma, 558
Somatostatin receptor

scintigraphy, 554
Spermatocele, 842
Sphincter of Oddi

regional anomalies, 426–428
stenosis/dysfunction, 464

Spigelian hernia, 920–921
Spleen, 933–951

biopsy/drainage, 933
calcifications, 948
congenital abnormalities,

933–935
accessory spleen, 934
asplenia and polysplenia,

934
Gaucher’s disease, 934–935
malposition, 933–934
Niemann-Pick disease, 935
sickle cell disease, 935

splenogonadal fusion, 934
thalassemia, 935

examination and surgical
complications,
949–950

splenectomy, 949–950
thorotrast, 950

immunosuppression, 949
infection/inflammation,

939–941
abscess, 939–940
brucellosis, 941
candidiasis, 941
cat-scratch disease, 941
Epstein-Barr virus, 941
histoplasmosis, 941
hydatid disease, 940
tuberculosis, 940

magnetic resonance imaging,
933

metabolic disorders, 941–943
amyloidosis, 942
extramedullary

hematopoiesis, 942
hypersplenism, 941–942
hyposplenism, 942
iron overload, 942
sarcoidosis, 942
virus-associated

hemophagocytic
syndrome, 943

scintigraphy, 933
splenomegaly, 938–939
splenosis, 938
torsion/volvulus, 938
trauma, 936–938

avulsion, 937
hematoma, 936–937
laceration/rupture, 937
therapy, 937–938

tumors, 943–948
neoplasms, 946–948

angioma/angiosarcoma,
946

leukemia, 947
lymphoma, 946–947
metastases, 947–948
plasmacytoma/multiple

myeloma, 947
nonneoplastic, 943–946

cysts, 945–946
hamartoma, 945
hemangioma, 943–944
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Spleen (cont.)
inflammatory tumor, 943
lymphangioma, 946
peliosis, 944–945

vascular disorders, 948–949
infarction, 949
portal hypertension,

948–949
Splenectomy, 949–950
Splenic artery, 1002
Splenic atrophy, 133
Splenic rests, 153
Splenic tissue, ectopic, 600
Splenic vein, 1022–1023
Splenogonadal fusion, 806–808,

934
Stauffer’s syndrome, 607
Steatosis, 325–327

diffuse, 326
focal fatty infiltration, 326–327
focal sparing, 327

Stein-Leventhal syndrome, 752
Stents

kidneys and ureters, 575–576,
675–677

portal hypertension, 1021
renal artery stenosis, 1036

Stomach, 55–106
amyloidosis, 66
benign neoplasms

adenoma, 68
hemangiopericytoma, 69
leiomyoma, 68–69
lipomatous tumors, 69

bezoars, 66
biopsy/cytology, 56
computed tomography, 55
congenital abnormalities

atresia, 56–57
duplication, 56
vascular anomalies, 57

contrast studies, 55
diverticula, 93–94
emphysematous and

phlegmonous gastritis,
64–65

examination complications,
103

gastric dilation, 87–92
gastric emptying studies,

87–88
gastric outlet obstruction,

88–92

gastric hernia, 92–93
immunosuppression/AIDS, 98
infection/inflammation, 58–62

anisakiasis, 63–64
Crohn’s disease, 63
cytomegalovirus, 63
eosinophilic gastroenteritis,

63
gastritis, 59–62
Helicobacter infection,

58–59
histoplasmosis, 64
malacoplakia, 63
peptic ulcer disease, 62–63
syphilis, 64
tuberculosis, 64

ischemia, 65
magnetic resonance imaging,

56
malignant tumors

adenocarcinoma, 70–78
adenosquamous/squamous

cell carcinoma, 78
leukemia, 81
lymphoma, 79–81
metastasis/direct invasion,

85–86
neuroendocrine, 86–87
plasmacytoma, 81
sarcoma, 81–85
small cell carcinoma, 78–79

Ménétrier’s disease, 65
nonneoplastic tumors

cyst, 66–67
extramedullary

hematopoiesis, 68
heterotopic pancreas, 68
hyperplastic polyp, 67
inflammatory fibroid polyp,

67
inflammatory pseudotumor,

67–68
teratoma, 68

perforation/fistula, 94
polyposis syndromes, 69–70

Cronkhite-Canada
syndrome, 70

familial polyposis, 70
juvenile polyposis, 70
nonfamilial polyposis,

69–70
Peutz-Jeghers syndrome,

70

postoperative
afferent loop syndrome,

98–99
after fundoplication, 98
cancer, 98
gastrostomy, 102–103
intussusception, 99
morbid obesity surgery,

100–101
postpancreaticoenteric

anastomosis, 99–100
retained gastric antrum,

101–102
radiation, 65
sarcoidosis, 65–66
scintigraphy, 56
trauma, 57
ultrasonography, 56
vascular lesions (bleeding),

94–98
clinical, 94
Dieulafoy lesions, 94–95
ectasia, 95–96
imaging, 94
tumors, 94
varices, 96–98

vomiting, 57–58
wall thickening, 58–62

Strangulation, 168–169
Streptococcus bovis, 224
Stricture

esophagus, 51
gallbladder and bile ducts,

463–465
small bowel, 137
urethra, 804

String of beads appearance, 1028
Stroke, 41
Stromal sarcoma, 777–778
Strongyloidiasis, 147–148
Struma ovarii, 751–752
Sturge-Weber syndrome, 601
Sump syndrome, 494
Superior mesenteric artery

syndrome, 119
Superior mesenteric vein, 1023
Sweet’s syndrome, 145
Syphilis, 64, 320
Systemic lupus erythematosus,

887
Systemic mast cell disease,

888–889
Systemic sclerosis, 92, 172, 255
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T
Tail sign, 643
Takayasu’s arteritis, 991
Target sign, 141, 165
Tarui’s disease, 304
Telangiectasia, 122, 175
Teratoma, 68, 354, 917

immature, 760–761
Testes

calcifications, 854
congenital abnormalities,

806–809
adrenal rests, 808–809
anorchia/cryptorchidism,

806–808
dysplasia, 808
polyorchidism, 808
splenogonadal fusion, 808
vas deferens, 808

trauma, 810
Testicular appendage torsion,

836
Testicular feminization, 728–729
Testicular torsion, 834–836
Testicular tumors, 843–853

germ cell, 844–847
granulosa cell, 851–852
Leydig cell, 850–851
nonseminoma, 848–850
seminoma, 847–848
Sertoli cell, 851
spermatocytic seminoma,

848
Thalassemia, 935
Theca-lutein cysts, 749
Thermal injury, esophagus, 17–18
Thorotrast, 950
Thorotrastosis, 411–412
Thrombophlebitis, 834
TIPS See Transjugular

intrahepatic
portosystemic shunts

Torulopsis glabrata, 595
Toxocariasis, 319
Tracheoesophageal fistula, 5–7
Transjugular intrahepatic

portosystemic shunts,
1015–1021

Transmesenteric hernia, 922–923
Transplantation

kidney, 665–674
liver, 402–411
pancreas, 560–561

Trauma
abdominal vasculature,

981–983
aorta, 981
arterial, 981–982
bleeding, 982–983
venous, 982

adrenals, 955
bladder, 689–690
colon, 195

obstetrical, 195
perforation, 195

duodenum, 108–109
esophagus, 8–11

hematoma, 8–9
perforation, 9–11

Boerhaave’s syndrome,
9–10

clinical, 9
imaging, 10–11
Mallory-Weiss tear, 9
therapy, 11

female reproductive tract,
729–730

gallbladder and bile ducts,
435–436

jejunum and ileum, 136–137
bleeding/hematoma,

136–137
perforation, 137
shock bowel, 136
stricture, 137

kidneys and ureters, 587–590
blunt trauma, 587–589
penetrating injuries, 587
therapy, 590
vascular injury, 589–590

liver, 309–312
biloma, 311–312
hemorrhage/hematoma,

310–311
imaging, 310
laceration/rupture, 311
management, 309–310
porta hepatis injury, 312

male reproductive tract,
809–810

penis, 809–810
scrotum and testes, 810
urethra, 809–810

pancreas, 510–511
peritoneum, 870–876

barotrauma, 876

bowel injury/perforation,
873–874

diagnostic peritoneal lavage,
871

diaphragmatic injury,
874–876

imaging, 872–873
penetrating injury, 871
peritoneal fluid, 871–872
stable patient, 870–871
unstable patient, 870

spleen, 936–938
avulsion, 937
hematoma, 936–937
laceration/rupture, 937
therapy, 937–938

stomach, 57
T-tube cholangiography, 422
Tubal pregnancy, 735–736
Tuberculosis, 64

colon, 208–209
duodenum, 110–111
esophagus, 18
female reproductive tract,

732–733
gallbladder, 452
kidney, 596
liver, 318
peritoneum, 883–885
prostate, 813
scrotum, 838
spleen, 940

Tuberculous cystitis, 693
Tuberous sclerosis, 584
Tumors

Abrikossoff ’s, 34–35
bladder, 694–707
bulbar, 112
carcinoid See Carcinoid
esophagus, 20–35
female reproductive tract,

741–785
gallbladder, 455–461
glomus, 87
kidneys and ureters, 600–

640
lipomatous, 69
liver, 338–399
pancreas, 529–559
penis, 831–832
periampullary, 112–115
pharyngeal, 22
prostate, 814029
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Tumors (cont.)
scrotum and spermatic cord,

843
See also Malignancy; and

individual organs
Tunica albuginea cyst, 841
Turcot’s syndrome, 223
Turner’s syndrome, 728
Typhlitis, 209–210
Tyrosinemia, 304, 585–586

U
Ulcer

colon, 261
intramural, 986
jejunum and ileum, 150
peptic, 62–63, 109–110
solitary rectal ulcer syndrome,

258–260
Ulcerative colitis, 200–203

associated conditions, 200
clinical, 200
complications, 201–202
imaging, 200–201

Ultrasonography
abdominal vasculature,

975–976
acute cholecystitis, 437
acute pancreatitis, 516
adrenals, 953
adult cavernous hemangioma,

345
appendicitis, 285
bile duct tumors, 462–463
bladder, 686
choledocholithiasis, 488
chronic pancreatitis, 521
colon, 190–191
colon cancer, 231–232
Crohn’s disease, 141
esophagus, 4
female reproductive tract,

720–721
gallbladder and bile ducts,

422–423
gallbladder tumors, 456
gastric cancer, 77
hepatocellular carcinoma,

365–366
kidneys and ureters, 572
liver, 295–296, 339, 342
male reproductive tract, 801
pancreas, 501–502

pancreatic adenocarcinoma,
535, 538–539

peritoneum, 865–866
pregnancy, 734–735
renal adenoma/

adenocarcinoma,
611–612

renal artery stenosis,
1031–1032

small bowel obstruction,
166

stomach, 56
Unicornuate uterus, 723, 725
Ureteral hernia, 646
Ureteric varices, 1038
Ureterocele, 687–688
Urethra, 830–831

congenital abnormalities, 729,
803–806

diverticulum, 805
duplication, 803
epispadias, 806
strictures, 804
valves, 803–804

diverticula, 786–787, 831
extravasation/fistula, 830
obstruction, 786, 830

calculi, 830
functional, 830–831
urethral valves, 830
verumontanum hyperplasia,

830
trauma, 809–810
tumors, 785, 831–832

Urethrography, 802
Urethrorectal fistula, 263
Urinary incontinence

children, 712
men, 712
women, 710–712

Urinary obstruction, 640–646
imaging, 641–642
renal colic, 642–644
ureteral obstruction,

645–646
uteropelvic junction

obstruction, 644–645
Urinoma, 892
Urography, 571

magnetic resonance, 573–574
Urolithiasis, 649–652
Uterine artery aneurysm,

791–792

Uterine tumors, 766–784
benign, 768–774

adenomatoid tumor/benign
mesothelioma, 773

adenomyosis, 768–769
cervical cyst, 773
endometrial polyps, 768
hemangiopericytoma, 773
hydrometrocolpos, 773–774
leiomyomas, 769–773
lipoma, 773
pyometra, 774

endometrial atrophy/
hyperplasia, 766–767

endometrial ossification, 767
malignant, 774–784

adenocarcinoma, 774–777
cervical carcinoma, 778–784
leiomyosarcoma, 778
lymphoma, 778
mixed Müllerian tumors,

778
rhabdomyosarcoma, 778
stromal sarcoma, 777–778

Uterovesical fistula, 709
Uterus

bicornuate, 72405
dehiscence, 737
didelphys, 724, 725, 726, 727
rupture, 730, 737
septate, 725, 727, 728
synechiae, 733–734
torsion, 731
unicornuate, 723, 725

V
Vagina, congenital abnormalities,

729
Vaginal tumors, 784–785

carcinoma, 784
melanoma, 784
metastasis/invasion, 784
paravaginal cysts, 784–785
sarcoma, 784

Vanishing bile duct syndrome,
334

Varices
colon, 266
duodenal, 122
duodenum, 122
esophageal, 44–47
gallbladder and bile ducts,

492–493
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gastric, 96–98
jejunum and ileum, 175
renal/ureteric, 1038

Varicocele, 854–857
clinical, 854–855
imaging, 855
therapy, 855–857

Vasculitides, 995–998
antiphospholipid antibody

syndrome, 988
Behçet’s syndrome, 995–996
Churg-Strauss syndrome, 887
Degos’ disease, 887
Henoch-Schönlein purpura,

886
periarteritis nodosa, 886
systemic lupus erythematosus,

887
Vas deferens, 808
Vasoactive intestinal peptide

tumors, 558
Venous renin assay, 1034
Ventral hernia, 919
Verner-Morrison syndrome,

558
Vernix caseosa-induced

peritonitis, 881
Vesicovaginal fistula, 708–709
Vesiculography, 802

Videopharyngography, 3
VIPoma, 558
Viral esophagitis, 19
Virus-associated

hemophagocytic
syndrome, 943

Voiding cystourethrography, 711
Volvulus, 90–91, 167–168,

248–249
cecal, 248–249
sigmoid, 249
transverse colon, 249

Vomiting, 57–58
Von Gierke’s disease, 303
Von Hippel-Lindau disease, 510,

584–585
Von Meyenburg complexes, 305,

466–468
Von Recklinghausen’s disease,

247

W
Water lily sign, 316
Watermelon stomach, 95–96
Water-soluble contrast agents,

125–126
Wermer’s syndrome, 509
Whipple’s diseaes, 149–150
Wilkie’s syndrome, 119

Wilms’ tumor, 627–629
adults, 629
children, 628–629
nephroblastomatosis, 627

Wilson’s disease, 304–305
Wolffian duct structures, 829

congenital abnormalities,
802–803

Wolman’s disease, 954–955
Wunderlich syndrome, 663

X
Xanthelasma, colon, 221
Xanthogranulomatosis, 888
Xanthogranulomatous

cholecystitis, 447–448
Xanthogranulomatous

pyelonephritis, 598–599
X-rays See Radiography

Y
Yersinia enterocolitica, 147
Yolk sac tumor, 761

Z
Zebra pattern, 294
Zenker’s diverticula, 43–44
Zollinger-Ellison syndrome, 86,

509, 556




