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1be t"-""tbooks encompassing THE REQillSITES in Radiology
,.cries have flourished in the series' fIrst decade because of
me diligence and success of the authors in producing

h high quality wotks. Gastrointestinal fmaging: THE
REQUfSflES again exemplifIes this high standard as it
:row appears in its third edition through the authorship
<>f Robert D. Halpert, MD.

The organizational plan for Gastrointestinal imaging:
THE REQUfSITES remains logically structured in chap­
ters devoted to each major organ. Indeed, the first edition
published under the title of Gastrointestinal Radiology:
mE REQUISITES) and the third edition share tl,e same
table of contents. This. of course, belies the enormous
changes that have taken place in the clinical practice of
gastrointestinal imaging. Advances in ultraSOlUld, mag·
netic resonance imaging, and computed tomography
make it challenging to keep any text up to date and
reflective of current prJ.ctices. Dr. Halpert has captured
me important advances in his book. Indeed, gastroin­
testinal mdiology was once dom.inated by studies using
barium, fluoroscopy, and conveniional radiography and
- now an area of radiology sharing heavily in new cross­
~ctional imaging methods. Throughout the book,
Dr. Halpert has added new and updated illustrations to

support the text, although it is arguably becoming more
difficult in print medium to illustrate nmctional and
multidimensional images or methods such as fly-through
\irtual colonoscopy.

Perhaps an even bigger challenge than incorporating
new information on new imaging methods is to keep the
thread of knowledge intact regarding older methods,
most imponantly gastrointestinal fluoroscopy. \Vhile
this imaging method is used far less frequently in current

Foreword

practice than it was historically, there are still important
clinical applications and it is still vital to tl,e praetiee of
gastrointestinal radiology that a level of expertise with
fluoroscopy be maintained. Dr. Halpert is a nationally
and internationally recognized authoricy in fluoroscopic
methods and ably describes them in Gastrointestinal
fmaging: THE REQUISITES.

The cross-sectional era has given radiologists
unprecedented ability to study the solid organs of tl,e
gastrointestinal tract as well as paraluminal and mesen­
teric strucrures. These abilities have positioned imaging
studies as important methods for diagnosing, staging,
and following the response of tumors to therapy at
a level of detail simply not possible using h.istorical
imaging methods. Likewise, imaging now plays a leading
role in studying the acute abdomen and has improved
outcomes for patients with suspected appendicitis,
diverticulitis, and innumerable other conditions. Taken
together, these and other new applications have trans­
formed both the specialty area of gastrointestinal radiol­
ogy and the pmctice of medicine.

TIlE REQillSITES in Radiology have now become old
friends to a generation of radiologists. The original intent
of the series was to provide the resident or fellow with
a text that might be reasonably read within several
days at the beginning of each subspecialty rotation and
perhaps reread several times during subsequent rota­
tions or for board preparation.

The books in THE REQUISITES series are not intended
to be exhaustive but rather to provide basic conceptual,
facnIal, and interpretive material reqUired for clinical
practice. Each book is written by a nationally recognized
authority in tl,e different subspecialty areas of radiology,

v



vi FOREWORD

and each author is challenged to present material in a
concise and efficient way for the benefit of the reader.

Dr. Halpert has once again done an outstanding job
in sustaining the philosophy of THE REQUISITES in
Radiology series and has produced another truJy can·
temporary text for gastrointestinal imaging. I believe
that Gastrointestinal Imaging: THE REQUISITES will
serve residents in radiology as a very efficient, concise
introduction to the subject and will also serve as a very

manageable text for review by fellows and practicing
radiologists.

James H. lbrall, MD
Radiologist-in-ehief

Massachusetts General Hospital
Juan M. Ta\·eras Professor of Radiology

Harvard Medical School
Boslon, MaSSo1chusetts
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EXAMINATION TECHNIQUES

Radiographic exanlination of the esophagus encom­
passes conventional fluoroscopic studies and various
cross-sectional imaging methods. The esophagram (or
barium swallow) is most often perfonned as a biphasic
examination in which double-contrast and single-contrast
techniques are employed (Box I-I), In ti,e upright
position, the patient ingests an effervescent agent followed
by a cup of high-density barium, Films obtained dnring
this time, in the upright position, show the esophageal
lumen distended with gas and the mucosal surlace
coated with barium (Fig, 1-1). The most common error
seen in this procedure is the failure to rotate the patient
sufflCiently to the left to project the esophagus off the
spine. This double·contnst phase of the examination
is especially useful for showing fme mucosal detail, such
as superficial nodules or ulcerations. When pooling of
barium prevents visualization of the distal esophagus,

1



2 GASTI{OINTESTINAl I~IAGING: THE REQUISITES

Box 1-1 Components of the Esophagram

Oropharyngeal function
Morphology of the esophageal rube
&ophageal motility
Esophageal mucosal surface
Appearance of the gastroesophageal junction
Presence or absence of spontaneous gastroesophageal

reflux and efficiency of secondary wave c1eardnce

a tube esophagram may be performed by injecting
air directly into the esophageal lumen through a
tube placed in the esophagus. This technique is not
frequently used; it is associated with considerable
patient discomfort and requires considerable operator
skili and good patient communication skills. It is a highly
effective and sensitive method, however, of showing
subtle strictures in patients with a history of dysphagia.
Probably as useful, and less traumatic to the patient, is

Figure I-I Double-contl.lst film of dle dl0racic esophagus.
Note mild marginal nodularity (arrow) at the impression of the
left main bronchus. This is ;1 normal finding and should not be
confused with disease.

fluoroscopically following the course of a 12.5-mm barium
tablet taken with water. This is an excellent alternative,
used to show the presence of a subtle stricttlre. Some
radiologists give every patient with a solid dysphagia history
a barium tablet at the conclusion of the examination.

If the esophagram is performed as part of an upper
gastrointestinal (UGI) series, double-eontrast ftlms of
the stomach and duodenum are obtained after double­
contrast films of the esophagus. Single-contrast examina­
tion of the esophagus is usually performed with the
patient in the right anterior oblique prone pOSition.
Esophageal peristalsis is observed fluoroscopically after
dle patient has taken a single swallow of low-density
barium. TI,e next swallow obliterates the previous primary
wave and potentially causes the evaluation of primary
wave function to be {:lUlty; this is a protective mechanism
that allows people to take successive swallows without
aspiration. If you have ever watched a football game and
wondered how some fans can "chug·a-lug" large quanti·
ties of beer widlout taking a breath, you understand how
efficient and important this protective mechanism is.
It certainly protects the lungs from drowning in beer.

Keeping the aforementioned issues in mind, the pres­
ence and function of primary wave activity should be
noted at this time. Primary waves or "stripping" waves
of ti,e esophagus are triggered by the swallowing reflex
(but are extinguished by the following swallow). Films
are obtained as the patient continues to drink the Clip of
low-density barium (Fig. 1-2). This single-contrast phase
of the examination is especially useful for evaluating
esophageal motility and distensibility and for detecting
extrinsic processes and certain abnonnalities of the
distal esophagus, including sliding hiatal hernia and
mucosal ring (B-ring).

Spontaneous gastroesophageal reflux also may be
observed fluoroscopically during the single-contrast
phase of the examination. Provocative maneuvers to

increase intraabdominal pressure and elicit reflux are
sometimes performed, but the significance of reflux
induced by these maneuvers is controversial and of
questionable value. Spontaneous reflux observed while
rolling the patient, especially to the right, is a signillcant
fmding. TIle demonstration of reflux should be grossly
quantified and reported (mild reflux, barium refluxes
and fills the lower esophagus; moderate reflux, barium
is seen to fill at least the lower half of the esophagus;
severe reflux, barium fills the entire esophagus up to
the level of the pharyngoesophageal junction). Of even
more importance is what the esophagus does with
refluxed material. In normal circumstances, the refluxed
material is rapidly cleared by secondary wave activity.
Secondary waves are triggered by luminal distention
of dle esophagus, such as occurs with gastroesophageal
reflux, and is the body's natural protective mechanism
to protect sensitive esophageal mucosa from prolonged



Figure 1-2 Single-contrast film ofthe thoracic esophagus.

exposure to highly acidic refluxed gastric content.
Because all individuals have reflux in varying degrees,
the health and function of the secondary wave is worthy
of serious interest and evaluation. Impaired secondary
wave activity may mean slow or prolonged clearing of
reflux, and this constitutes tile most important finding
of aU with tespect to gastroesophageal reflux.

Mucosal-relief views of the collapsed esophagus show
the longirudinal fold pattern and may be useful for
shOWing esophageal valices. Although the esophagram
is usually performed as part of a complete UGI series,
it is sometimes requested as an isolated examination in
patients with dysphagia or other complaints localized to
the esophagus. All esophagrams should include evaluation
of the proximal stomach, however, because proximal
stomach lesions may cause dysphagia, chest or left
shoulder pain, or other symptoms suggesting esophageal
disease and sometimes lead to a cardiac workup.

Detailed examination of the pharynx and cervical
esophagus may be incorporated into the routine

Esophagus and Gastroesophageal Junction 3

esophagram in patients with cenrical dysphagia or other
symptoms localized to the neck. This examination is
performed during the doub1e-contrast phase with the
patient in an upright pOSition. Rapid-sequence fJ.1ms
(three exposures per second) may be used on older
fluoroscopic units. More advantageous would be a video­
tape recording obtained in fromal and lateral projections
while the patient drinks high-density barium. In newer
digital urtits, dynamic images may be stored, along
with static images, on the PACS system and replayed
anywhere on the system. This capability allows dynamic
evaluation of swallOWing function, detection of
physiologic abnormalities such as incomplete crico­
pharyngeal relaxation and dynamic dysfunctions of the
pharynx, hypopharynx, soft palate, and epiglorris, and
evaluation for airway protection and possible aspiration
to be seen by multiple viewers at multiple sites. Frontal
and lateral spot films are obtained while the patient
phonates (phonation of the letter "E" seems to get the
best result) to distend the hypopharynx. The distention
and mucosal coating seen on these spot films provide
detailed anatomical information that might be obscured
by barium on dynamic recording.

In cases of suspected esophageal perforation, water­
soluble contrast material is recommended because
leakage of barium into the mediastinum may induce
mediastinitis, although this is rare. If water-soluble
contrast material does not show an esophageal perfora­
tion, the srudy may be repeated using barium, in that
a small leak using water-soluble contrast material can be
difficult to visualize. Water-soluble contrast material is
hyperosmolar; it can induce chemical pneumonitis or
even pulmonary edema when introduced into the respi­
ratory tract, either by aspiration from the hypopharynx
or by extension through an esophagorespiratory fistula.
Low-osmolality, water-soluble contrast material does not
cause pulmonary edema, however, and can be used
safely in patients with suspected esophageal perforation
who are at risk of aspirating or who are known to have
an esophagorespiratory fistula. Nevertheless, its palata­
bility leaves much to be desired.

Computed tomography (CI) is the most commonly
used cross-sectional technique for evaluating the esoph­
agus (Fig. 1-3). cr is most helpful for showing the extr.t­
IlmtinaJ components of esophageal disease; this includes
staging of esophageal carcinoma (wall thickening,
invasion of adjacent structures, and distant metastases),
evaluating esophageaJ trauma (perforation and exten­
sion to mediastinum or pleural caVity), and assessing for
free air or contrast material in the submucosa or peri­
esophageal space. Additionally, multiplanar cr is becom­
ing routine and adds considef"dbly to the examination.
Magnetic resonance imaging (MRI) at this time offers
cross-sectional evaluation, also with the advantages of
high-quality multiplanar capabilities but without the use
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Figure 1·3 Normal computed tomographic anatomy of tile upper
thora..x: 1, esophagus; 2, left subclavian artery; 3, left common
carotid artery; 4, trachea; ;, innominate artery; 6, lung apex.

of ionizing radiation. Although MRI has been of limited
usefulness because of motion artifact and long imaging
times, image quality is improving with the use of cardio­
respiratory gating techniques and newer imaging
sequences requiring less time. Endoscopic ultrasound,
in which a transducer is placed endoscopically into the
esophageal lumen, can differentiate the individual layers
of the esophageal wall and has been especially useful
in evaluating the depth of esophageal tumors (resulting
in more precise staging) or muscular thickening, such as
seen in achalasia (Fig. 1-4).

SOliTARY MUCOSAL MASSES

Nonneoplastic

Inflammatory Esophagogastric Polyp/Fold
Inflammatory esophagogasrric polyp/fold is a promi·

nent fold extending from the gastric cardia into the

Figure 1·4 Endoscopic ultrasonogram shows a hypoechoic
mural mass, representing esophageal carcinoma.

Figure 1-5 Inflammatory csophagogaslric polyp/fold (black
anvws) in a small hiatal hernia. A nonobstructing B-ring (while
an'O'Lvs) is also present.

distal esophagus. This fold often has a distal protuberant
tip that may simulate an esophageal polyp (Fig. 1-5). This
polyp/fold complex (sometimes referred to as a "sentinel
polyp") is almost always associated with gastroesophageal
reflux disease and inflammation of the mucosa of the
lower esophagus. If the polypoid tip is larger than 2.5 em
in diameter or appears irregular, a biopsy is indicated
to exclude an adenocarcinoma at or near the gastro­
esophageal junction.

Neoplastic

Carcinomas
A carcinoma of the esophagus can look like almost

anything-from stricture to ulcer, mass, plaque, mural
infiltrating process to irregular nodules seen focally in
the esophagus. Primary squamous cell carcinoma of the
hypopharynx or esophagus can present as a solitary
mucosal mass, either small and plaquelike or large and
polypoid (Figs. 1-6 and 1-7). UlcerJtiol1 of the mass can
occur in small and large lesions.



A

B
Figure 1-6 A, Frontal film of the pharynx shows a large mass
in the right pyrifonn sinus (arrows) representing squamous cell
carcinoma. B, cr shows the soft tissue mass obliterating the right

pyriform sinus.

Squamous cell carcinoma was said to represent 95% of
esophageal carcinomas until the 19705, 'when an increase
in the incidence of adenocarcinoma began that has not
abated. Most lesions at the distal esophagus and gastro­
esophageal junction are adenocarcinoma, whereas most
lesions in the proximal esophagus are usually squamous
and have a much poorer prognosis, The most common

Esophagus and Gastroesophageal Junction 5

Figure 1-7 Lateral film of the hypopharynx reveals a large mass
involving the epiglottis and aryepiglottic fold (arrows), represent­
ing squamous cell carcinoma. Barium also is seen in the larynx and
supraglottic portion of the airway (open arrows).

risk factors (Box 1-2) for development of squamous cell
carcinoma of the esophagus are dgarerte smoking and
alcohol ingestion. Other risk factors include the following:

• Chronic food stasis (achalasia or scleroderma)
• Chronic inflanunation and scarring (lye stricture

or radiation) usually 2 to 4 decades after the initial
injury

Box 1-2 Risk Factors for Esophageal
Cancer

Chronic reflux/Barren's metaplasia

Lye stricture
Achalasia
Head and neck cancers
Plantar and palmar hyperkeratosis
Plummer-Vinson syndrome
Sprue
Tobacco
Alcohol
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• Tylosis (a rare genetic disease of the skin
characterized by palmar and plantar hyperke....tosis
and an almost 100% incidence of squamous cell
carcinoma of the esophagus by age 65)

• Plummer-Vinson syndrome (also called Patterson­
Kelly syndrome in the United Kingdom), an
association of cervical esophageal webs, nail
defonnities, iron deficiency anemia, and dysphagia)

• Sprue; there seems to be an increased incidence
of esophageal malignancy associated with gluten
enteropathy

• Certain skin disorders, such as pemphigoid and
epidermolysis bullosa

• Squamous cell carcinomas of the head and neck
also are associated with an increased incidence
of subsequent squamous cell carcinoma of the
esophagus, resulting from either common risk
factors (e.g., cigarettes and alcohol) or ....diation
used to treat the original tumor.

Adenocarcinoma of the esophagus and the gastro­
esophageal junction has been increasing at an alarming
rate in recent decades. At this time, esophageal adeno­
carcinoma seems to account for most esophageal can­
cers seen in the United States and Western Europe. It is
estimated that 8000 new cases are diagnosed each year
in the United States. Some cases may represent superior
extension of gastric adenocarcinoma or, more likely,
malignant transformation of gastric/intestinal~type

epithelium in Barrett's metaplasia of the esophagus.
The gastroenterology literature indicates that Barrett's
metaplasia is common, being seen in 10% to 15% of all
patients undergoing UGI endoscopy. Adenocarcinoma
develops in approximately 2% to 5% of patients with
Barrett's esophagus, suggesting the need for reguJar
surveillance of this condition.

The treatment for serious gastroesophageal reflux
disease (GERD) traditionally has involved medication or
antireflux surgery (fundal plication), with the Nissen
type being the most common, or both. More recently,
gastroenterologists have begun to treat these patients
with an endoscopic antiretlux procedure using radiofre­
quency power to create a series of rings (Stretta therapy)
around the lower esophageal sphincter. Initial results
seem promising. Radiological evaluation of these patients
conceivably could be confusing, however, and the
",diologist should be aware of the patient's history of
endoscopic procedures.

What is the cause of trus dramatic increase in adeno­
carcinoma of the esophagus? There are several theories,
the most obviolls being the increased incidence of
acid reflux (GERD) in some individuals, leading to
increased Barrett's metaplasia and increased cancer risk.
In the past, the treatment of Barrett's metaplasia was
indirect (Le., stop or reduce GERD using medications
or antireflux surgery). The assumption historically has

been held that the metaplastic changes may be arrested
by treatment, but not cured, the only defmitive cure
being esosphagectomy. In recent years, gastroenterolo­
gists have been treating Barrett's metaplasia and dysplas­
tic changes using photodynamic therapy, with varying
degrees of success. There is now an attempt to treat
superficial metaplastic/dysplastic, or even very superficial
neoplastic conversion, by laser thermal ablation.
Argon plasma coagulation therapy can be applied
through a standard endoscope.

The epidemic proportions of obesity in the United
States and its multiple problems are well documented
and have been observed over approximately the same
period as the increase in Barrett's metaplasia and adeno­
carcinoma of the esophagus. If general obesity is asso­
ciated with increased amounts of intramesenteric fat,
might this increased mesenteric fat lead to elevation
of the stomach, alterations in the angle of the lower
esophageal sphincter, and increased incidence in reflux,
such as is well documented in the latter stages of preg­
nancy (hormonal issues aside) when the enlarged uterus
impresses and elevates the stomach?

The puzzle becomes even more confusing and inter­
esting, as there is some evidence to suggest an unusual
inverse relationship between the presence of gastric
HelicobacterpylO1"i and the conversion of the esophageal
metaplastic changes to cancer; that is, the presence of
gastric Helicobacter confers some sort of protection.

It is possible that a few adenocarcinomas of the
esophagus may arise from the sparse adenomatous
elements known to be present in the squamous mucosa
of the esophagus. Spindle cell carcinoma (or vernlCOUS
carcinoma) represents an uncommon variant of squa­
mous cell carcinoma that has undergone focal mes­
enchymal metaplasia. This carcinoma typically appears
as a bulky, polypoid intraluminal mass. Carcinosarcoma
(spindle cell elements in a Slow-growing squamous cell
carcinoma) and primary malignant melanoma of the
esophagus are Tare epithelial malignancies that appear
morphologically similar to spindle cell carcinoma.

Adenomas and Papillomas
Adenomas and papillomas are uncommon, benign

tumors of the esophagus that arise from columnar and
squamous epithelium.

MULTIPLE MUCOSAL MASSES

Nonneoplastic

Calldid~tEsophagitis
Fungal esophagitis caused by Candida albicans is

most commonly seen in patients with acquired immuno­
deficiency syndrome (AIDS) or in patients with other



1·8 Early findings of monilial esophagitis (coloni:t,ation
:-.l'ote the well-developed, rounded plaques without

....-n.,,".

unocompromising diseases. This fungus causes
:r.:msh. slightly raised plaques that may also involve

pharynx or tongtle (oral thrush). In the esophagtls,
plaques resemble small mucosal nodules that

occur in longitudinal colurillls (Figs. 1-8 and 1-9).
ts with esophageal stasis, such as those with acha-

or sclerodenna, are also at risk for the development
- Lalldida esophagitis.

&dlm< Esophagitis
individuals experience gastroesophageal reflux to

- g degrees. Most refluxed acidic stomach content is
dealt with by secondary esophageal wave activity,

b clears the gastric content quickly back into
;o;romach. Reflux esophagitis occurs in patients with

p,uoesophageal reflux as a result of sensitivity of the
~ bageal squamous mucosa to the harsh acidic gastric

and failure of the secondary wave to function prop­
It can be a perpenl3ting cycle, as acid reflux may

Esophagus and Gastroesophageal Junction 7

overwhelm the ability of the esophagus to generate the
needed secondary wave, leaving the esophagus yet more
vulnerable to the damage of gastric acid. Because reflux
usually does not e"1:end beyond the distal esophagus,
esophagitis is most commonly confined to this area.
Abnormal esophageal motility and mucosal edema are
early signs of reflux esophagitis, with erosions, ulcera­
tions, and stricrure formation occurring with prolonged
or severe reflux.

Glycogenic Acanthosis
Glycogenic acanthosis is a benign degenerative

condition of the esophagus seen in middle·aged and
elderly people. Focal deposits of glycogen form discrete
plaques that appear as small mucosal nodules of varying
size and shape on cOntrast studies (Fig. 1-10). This
condition does not cause dysphagia and is usually an
incidental fmding.

Crohn's Disease
Filiform polyps are a rare manifestation of Crohn's

disease of the esophagus. These thin, tubular or branch­
ing mucosal polyps resemble the polyps seen in the colon
or ileum in the healing stage of inflammatory bowel

Figure 1-9 Diffuse mucosal nodularity and ulcenltion repre­
scnts advanced esophageaJ candidiasis in a patient with AIDS.
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Figure 1-10 Diffuse mucosal nodularity rtprl;:SenlS glycogenic
acanthosis.

disease. Ulceration in the esophagus may be seen as
an early presentation, however.

PempWgoid and Epidermolysis Bullosa
Subepidermal bullae, or blebs, in the esophagus may

be associated with cutaneous lesions in benign mucous
membrane pemphigoid and epidermolysis bullosa.
These appear initially as small mucosal nodules, but sub­
sequently undergo inflammation, ulceration, and fibrosis
with stricture formation.

"Hairy" Esophagus
After certain types of pharyngoesophageal reconstruc­

tive surgery, hair follicles from the skin gmft may appear
as multiple, small mucosal masses ("hairy" or hirsute
esophagus).

Neoplastic

Papillomatosis
Papillomatosis is a rare condition characterized by

multiple esophageal papillomas. These benign epithelial
growths are usually solitary, bur they can be multiple

in squamous papillomatosis, an tIDusual genetic disease,
or in acanthosis nigricans, a disease in which esophageal
papillomas occur in association with focal thickening
and hyperpigmentation of the skin.

Superficial Spreading carcinoma
Superficial spreading carcinoma is an unusual form of

squamous cell carcinoma characterized by small mucosal
nodules. lllese tumors are limited to the mucosal and
submucosal layers of the esophagus, but metastasis to
adjacent lymph nodes may be present.

Cowden's Syndrome
Cowden's syndrome (multiple hamartoma syndrome)

is a rare genetiC disease in which tiny hamartomas may
cause diffuse mucosal nodularit)' of the gastrointestinal
tract, including the esophagus. This disorder is often
associated with various nlmors of the skin, breast, and
thyroid gland.

Leukoplakia
Leukoplakia represents small, whitish plaques resulting

from hyperplasia of squamous epithelium. This rare
cause of esophageal nOdularity has an uncertain malig­
nant potential, although it appears histologically identical
to the more common premalignant leukoplakia of the
oropharynx.

SUBMUCOSAL MASSES

Nonneoplastic

Varices

Esophageal varices represent dilated veins in the sub­
mucosal layer of the esophageal wall (Box 1-3). The
more common uphiJJ varices involve the distal esophagus
and result from elevated portal venous pressure, usually
secondary to cirrhosis of the liver. The elevated portal
vt:nous pressure causes increased blood flow through
the coronary (left gastric) veins into the distal esophageal
venous plexus, which then empties via the azygos system

Box 1-3 Esophageal Varices:
Direction Matters

Uphill varices are related to portal hypertension with
resultant ascending varices.

Downhill varices rcsult from obstruction of the superior
vena cava with varicoid coUateral vcins descending
along the upper esophagus toward [he right hean.



1-11 Downhill varices. A 61-year-old patient with upper
..>iiOlStinal mass, occluded superior vena cava, and venous

'on (superior vena cava syndrome).

the superior vena cava. Gastric fundal varices are
""'"",:iI.nes associated with distal esophageal varices.

:he less common downhill varices involve the proximal
dc esophagus and result from obstruction of the
·or vena cava, manifesting in the superior vena
syndrome. Cnllateral blood flow bypasses the
ction and enters the superior vena cava through

azygos system, sparing the distal esophageal veins
_ 1·11). An obstmction involving either the azygos
~ em or the superior vena cava inferior to its junction

the azygos vein may lead, however, to collateral
flow through the coronary and portal veins into the

- r vena cava. This flow results in varices involVing
entire length of the thoracic esophagus.

On contrast studies, esophageal varices are best
n with the patient in the prone or supine position

use in the upright pOSition, gravity decreases
~ention of esophageal veins and can render varices
... \isible. The optimal tedmique for detecting varices
10 have the patient take a single swallow of high-

:..:e!1Sity barium. Continuous drinking may overcompress
\"'arices; a single swallow usually shows the smooth,

'iCpentine submucosal masses typical of varices. Mucosal
\;ews of the collapsed esophagus are also useful
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Figure 1-12 Uphill varices.1)'pical serpiginous filling defects in
distal esophagus (arrows) in a patient with portal hypertension.

for showing this appearance (Fig. 1-12). Varices usually
change with position. Any varicoid pattern that appears
rigid or fails to change in the upright pOSition should be
viewed with suspicion, and "varicoid" appearance of a
carcinoma should be considered.

On CT, varices can appear as thickening of the
esophageal wall or as adjacent lobulated soft tissue
masses in the gastrohepatic ligament. Intravenous
boluses of contrast material may be necessary to differ­
entiate enhancing varices from nonenhancing neoplastic
or inflammatory disease (Fig. 1·13). Angiography also
is useful for shOWing esophageal varices and may be
combined with interventional techniques for treating
acute variceal bleeding.
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A B
Figure 1·13 A, Bulky, serpiginous contrast·enhanced esophageal varices (m7"ows) around the
gastroesophageal jWlction. B, Bleeding varices (m7"Owbead) filling and distending the esophagus

Wilh hematoma.

Cysts
Esophageal cysts may be congenital (foregut dupli­

cation cysts) or acquired (retention cysts). Duplication
cysts are usually asymptomatic and, although usually
discovered in childhood, are first noted in adults in
30% of cases (Fig. 1-14). They appear as a round or ovoid,
soft tissue density, mediastinal mass on chest films and
as a submucosal or extrinsic mass on esophagrams.
Retention cysts, mre lesions that arise from dilated
mucous glands in the distal esophagus, have a similar
radiognlphic appearance.

Neoplastic

Mesenchymal Tumors
Benign stromal cell tumor, or leiomyoma, is the most

common benign neoplasm of the esophagus. This smooth
muscle tumor produces a focal rounded impression
(Fig. 1-1 ;). Although usually solitary, multiple benign
stromal cell tumors of the esophagus occur in 3% of
cases. Stromal cell tumors occasionally contain mottled
calcifications.

Other ben.ign submucosal tumors of the esophagus
are uncommon. Similar to stromal cell tumors, they arise
from mesenchymal tissues and appear radiographically
as smooth, rounded masses. TIlcse tumors include
hemangiomas, lipomas, and neurofibromas.

Kaposi's Sarcoma
Kaposi's sarcoma is a vascular nunor that originally was

described as a rare cutaneous lesion affecting elderly
men of Mediterranean descent. It is now recognized as a
common lesion involving the skin, gastrointestinal tract,

Fgure 1-14 Duplication cyst. Note communicating mouth of
cyst (arrow) and the outer contours of lhe cyst (open arrows)
showing its size.



1-15 Smooth submucosal mass (arrows) in the upper
c esophagus represents a leiomyoma.

respiratory tract of patients with AIDS. The esophageal
n is a mesenchymal sarcomatous lesion that is seen

both solitary and multiple presentations.

Fibrovascular Polyp
fibrovascular polyp, an unusual benign tumor, origi­

in the waH of the proximal esophagus and elon­
_ es to form a smooth intraluminal mass. This mass may
c:nend inferiorly to occupy the entire esophageal lumen

may be regurgitated into the pharynx and out the
30utb and put patients at risk for asphyxiation.

Granular Cell Tumors
Granular cell tumors are rare submucosal tumors
ught to have a neural origin, possibly Schwann cells.

. ur 10% occur in the gastrointestinal tract as solitary
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Figure 1-16 Granular ceU nlffior of the distal esophagus (arrow).

small submucosal lesions usually involving the esophagus,
although they have been reported in the stomach and
colon. Radiologically, they are identical in appearance to
any smail submucosal mass (Fig. 1-16).

Lymphoma and Metastases
Primary malignant neoplasms (sarcomas) and secondary

malignancies Oymphoma, leukemia, and hematogenous
metastases) are rare causes of discrete submucosal
masses in the esophagus.

EXTRINSIC PROCESSES

Box 1-4 lists extrinsic abnormalities affecting the
esophagus.

Cervical Esophagus

The postcricoid defect is a nonna! indentation on
the anterior aspect of the hypopharynx at approXimately
the level of the C4 vertebra. This indentation was origi­
nally thought to represent a venous plexus, but is now
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Box 1-4 Problems in the Neighborhood:
h-trinsic Abnonnalities
Affecting the Esophagus

Cricophal)'ugeal spasm
Vertebral osteophytes
Thyroid enlargement
Mediastinal masses
Abnormal vessels, e.g., aberrant righ{ subclavian artery,

pulmonary sling
Cardiac enlargernem
Ectatic thoradc aorta

considered to result from redlUldant mucosa. This inci­
dental fll1ding may simulate a superficial neoplasm.

Incomplete relaxation of the cricopharyngeal muscle
can cause tr.Lnsient extrinsic impression on the posterior
aspect of the cervical esophagus at the level of the C5 Ot
c6 vertebra. This localized esophageal striated muscle
spasm can cause significant dysphagia when the amount
of luminal occlusion exceeds 50%.

Anterior osteophytes of the cervical spine and, rarely,
anterior herniation of an intervertebral disk may cause

focal impressions on the posterior wall of the cervical
esophagus. Osteophytes resulting from chronic osteo­
arthritis never cause dysphagia, and other causes should
be sought. Osteophytes resulting from diffuse idiopathic
skeletal hyperostosis, posttraumatic osteophytes, or post
anterior cervical spine fusion, especially in the midcervi­
cal region, may cause dysphagia symptoms. Focal or
diffuse enlargement of the thyroid gland can deviate
and compress the esophagus, but infrequently causes
dysphagia. Retropharyngeal tumor, hematoma, or abscess
may displace the hypopharynx and cervical esophagus
anteriorly. Cervical adenopathy and l?arathyroid enlarge­
ment also may lead to extrinsic compression of the
cervical esophagus (Fig. 1-17).

Thoracic Esophagus

The most commonly seen normal extrinsic impres­
sions on the thoracic esophagus are the aortic arch and
left main bronchus (Fig. 1-18). Abnormal vessels, such as
a right aortic arch, aortic aneurysm, ectasia of the tho­
racic aorta, and aberrant right subclavian artery, may also
compress or displace the esophagus (Figs. 1-19 and 1-20).
Rarely an aberrant left pulmonary artery arising from the
right pulmonary artery and crossing the mediastinum to

A B
Figure 1-17 A, Compression and deviation of {he upper esophagus to the riglu (an·ow).
B, cr shows a large soft tissue mass (L) in the left neck, represenhng lymphoma.
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ULCERATIONS AND FISTULAS

Figure 1·19 A, Chest film shows a right aortic arch. B, Lateral
view from esophagram shows smooth posterior compression of the
upper thoracic esophagus (arrow) by an aberrant left subclavian
artery.

BA

Nonneoplastic

Wections
Infectious causes of esophageal ulceration include

Viruses, fungi, and bacteria. Viral esophagitis most often
affects immunocompromised patients, particularly patients
with AIDS. Herpes simplex virus and cytomegalovirus
cause sOlitary or multiple discrete shallow ulcers on
a normal esophageal mucosal backgrOtmd (Fig. 1-23).
The ulcers of cytomegalovirus may be quite large.
Human immunodeficiency virus has been reported to
produce giant esophageal ulcers identical to the ulcers
caused by cytomegalovirus. AU of these conditions result
in painful dysphagia.

Tuberculous esophagitis usually occurs in patients
with pulmonary or mediastinal tuberculosis and may
result from contiguous extension of disease or from
swallowing infected sputlUll. Additionally, there has
been an increase in active Mycobacterill1n infections
as a result of the AIDS epidemic and reactivation of
latent disease or increased susceptibility owing to com·
promised immunological starns. Esophageal ulcerations,
sinus tracts, and nodularity are typically noted (Fig. 1-24).

Figure 1-18 Esophageal compression by the aortic arch
iDTOW) and tonuous descending thoracic aorta (open arrow).

me left lung can produce <\0 anterior focal impression
')[l the esophagus at about the level of the carina; [his is
mown as the "pulmonary sling."

Mediastinal adenopathy causes impressions along the
J.merior aspect of the midesophagus, and spinous osteo­
phytes result in one or more focal impressions on the
posterior esophageal wall. Cardiac impressions on the
<:sophagus can be focal (left atrial enlargement) or more
diffuse (generalized cardiomegaly and pericardial effu­
-on) (Fig. 1-21). An adjacent lung tumor or mediastinal

mass may compress and deviate the esophagus; pul­
monary volume loss as a result of fibrosis typically causes

ilateral traction of the esophagus. Noncommunicating
duplication cysts can be seen as mediastinal masses
mlpressing the esophageal lunlen (Fig. 1-22).



14 GASTI{OINTESTINAL IMAGING: THE REQUISITES

A B
Figure 1-20 A, Aberrant right subclavian artery. Note right subclavian artery (arrowhead) swinging
post<:rior to the esophagus (arrow). B, More inferior computed tomographic section shows impression
of the right subclavian artery (arrou.:head) on the posterior wall of the esophagus (arrow).

These esophageal findings are being reported with
increasing frequency in patients with AIDS and may
result in esophagorespiratory fistulas. Esophageal ulcera­
tion caused by atypical mycobacteria also has been
described in AIDS patients.

In Candida esophagitis, the presentation initially may
be small, round, smooth plaques (colonization stage)

with minimal symptoms. Confluence and elongation of
fungal plaques, allOWing barium to penetrate between
the plaques, follows, resulting in pseudoulceration. Tnle
ulceration occurs as the infection progresses to severe
esophageal candidiasis, and rhizoid extensions into
the submucosa result in diffuse and severe ulceration
(the "shaggy esophagus").

A B
Figure 1-21 Frontal (A) and lateral (B) films show extrinsic compression of the distal esophagus
(arrows) by an enlarged left atrium.



Figure 1-22 Extrinsic compression of the;: midesophagus by
~ mediastinal mass (CUTOUJS). At surgery, the mass proved to be
:I noncommunicating duplication cyst.

U1flanunation(NonUUectiou~

Reflux esophagitis (GERD) (Box 1-5) is a common dis­
ease, with at least 10% to 15% of the population experi­
encing heartburn daily. It becomes more severe and can
cause erosions or ulceratio~s in the distal esophagus as
.:l result of irritation of the esophageal mucosa by gastric
;lcid (Figs. 1-25 and 1-26). Conditions predisposing to

development of severe reflux esophagitis include hiatal
hernia, incompetence in the lower esophageal sphinc­
ter, and lack of integrity of the phrenoesophageal liga­
ment. Dysfunction of the esophageal secondary
:stripping wave is commonly seen in severe GERD. It is
DOt clear, however, whether this function is an etiologi­
cal basis of GERD or the result of chronic esophageal
mllammation. increased incidence of GERD has been
described in Zollinger-Ellison s)'ndrome, prolonged naso­
gastric intubation, scleroderma, and pregnancy. Reflux
esophagitis is commonly seen in patients with almost
;my type of gastric procedure, even gastroenterostomies.
In patients with previous partial or complete gastric
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resection, alkaline bile from the prOXimal small bowel
refluxes into the stomach and qUickly into the distal
esophagus. This reflux of alkaline bile ma), also lead to
esophageal ulcerdtion and stricturing. This complication
can be avoided b)' surgicall)' diverting the flow of
bile away from the gastric remnant or esophagus
(revision of gastroduodenostomy or creation of Roux-en~Y
enteroenterostomy).

Prolonged nasogastric intubation, b)' not allowing
complete closure of the lower esophageal sphincter
around the indwelling tube, permits continuous gastric
reflux to occur. TIle tube also alters esophageal peristal­
sis, preventing rapid clearance of the refluxed material
from the esophagus; this may eventually result in diffuse
esophageal narrowing. In scleroderma, GERD is a result
of aperistalsis of the esophagus and a patulous gastro­
esophageal junction. The increasing size of the utenls in
pregnancy causes compression of the stomach, causing
the lower esophageal sphincter pressure to be reduced
with resultant reflux.

Figure 1-23 Focal ulceration in lhe midcsophaglls (arroUls)
represents cytomegalovims esophagitis in a patient wilh AIDS.
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Figure 1-24 Sinus tr'::lct (curved arrow) and longirudinal ulcera­
'lion (straight arrow) in a patient with AIDS and mycobacterial
esophagitis. (From Goodman P, Pinero 55, Rance RM, et al:
Mycobacterial esophagitis in AIDS. Gastrointest R.'ldioI14:103, 1989.)

Barrett's esophagus is a condition in which
esophageal squamous epithelium undergoes metaplasia
to a gastric-intestinal-type columnar epithelium
(Box 1-6). This condition occurs in about 2% to 5% of
patients with reflux esophagitis and is thought to be

Box 1-5 Radiological Signs of
Reflux Esophagitis

Thickened distal folds, e.g., esophagogastric polyp
Benign strictures
Ulcers, usually linear and located distally
Hiatal hernias with spontaneous gastroesophageal

reflux commonly seen, but not ab~oluteJy

necessary for diagnosis

Figure 1-25 Severe reflux esophagitis with diffuse nodulariry,
granularity, and linear longitudinal ulceration (arrows).

directly related to chronic GERD. Although Barrett's
esophagus is usually seen in the distal esophagus
(where reflux most often affects the esophagus), it also
may involve the midesophagus or upper third of the
esophagus, with areas of intervening normal esophageal
mucosa. Radiographic manifestations of Barrett's esoph­
agus are nonspecific and include mucosal nodularity,
a reticular mucosal pattern (on double-contrast films),
focal ulceration, and focal narrowing or stricture
formation.

Certain oral medications may cause focal irritation
and ulceration of the esophagus by prolonged contact
with the esophageal mucosa (Fig. 1-27). Patients univer­
sally experience severe odynophagia. This condition is
most often seen with tetr.lcycline and its derivatives and
has been reported with quinidine, potassium chloride,

some nonsteroidal antiinflammatory drugs, and several



1-26 Severe chronic reflux esophagitis. NOle stricture
arrow) and multiple pseudodivcrticula (small arrow),

__nn1y associated with chronic reflux disease.

IIox 1-6 What We Know About
Barrett's Metaplasia

~used by chronic reflLLx esophagitis (GERD)
nie corrosive effect of acid on esophageal

mucosa damages squamous epithelium resulting in
metaplastic changes (the patchy development of gastric
2nd intestinal mucosa in the distal esophagus)

lUght to occur in 2%-5% of patients with GERD
premalignant, and dysplastic changes can lead to ade­
nocarcinoma; the process can be am..'Sted by treatment
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other medications including aspirin and vitamin C.
A capsule or tablet, especially when taken at bedtime
with a small amount of water, may lodge in the esopha­
gus at the level of the aortic arch or distal esophagus,
spilling its contents locally on the esophagus. The focal
esophagitis usually heals promptly after discontinuation
of the offending medication.

Corrosive esophagitis resulting from the ingestion of
lye or other caustic substances often leads to severe
edema and ulceration of the esophagus in the acute
stage, followed by stricture formation after healing
occurs. Contrast studies are not usually performed in
the acute stage of a severe corrosive esophagitis.

In acute alcoholic esophagitis, superficial ulcerations
arc seen in the midesophagus and distal esophagus
shanty after alcoholic binges; these ulcerations were
ftrst suggested by Beaumont in his 1836 treatise regard­
ing in vivo studies of the human stomach. His subject,
a young French-Canadian fur trapper, had sustained a
gunshot wound to the flank and abdomen that had
left him with a pennanent anterior gasrrocutaneous

Figure 1-27 Discrete ulcerations (arrows) in the midesophagus
caused by the ingestion of antibiotic capsules.
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Figure 1-28 Esophageal Crohn's ulcer. A 26-year-old patient with
known small bowel Crohn's disease presents with odynophagia.
Processed digital images from esophagram show lO advantage a
solitary Unear Crohn's ulcer (arrows) of proximal esophagus.

fistula. Mter several especially "rousing" weekends
involving alcoholic binges, reddened, inflamed tissue
and superficial ulcers over the entire stomach and
lower esophagus of the fur trapper were seen by
Beaumont.

Although the esophagus is relatively radioresistant,
radiation therapy to the mediastinum may cause
esophagitis and esophageal ulcerations. This condition
occurs in the acute stage and may lead to stricture for­
mation after healing. The location of inflammatory
changes conforms to the radiation port used.

Changes associated with radiation esophagitis are
typically seen after doses of 4500 to 6000 cGy over
a 6- to 8-week period and are even more common
after combination radiation therapy and chemotherapy.
After radiation therapy, esophagorespiratory fistulas
may develop in patients with mediastinal adenopathy
compressing the esophagus, presumably as a result of
nlffior necrosis induced by radiation. Similarly, patients
who undergo external beam or intracavitary radiation
therapy for primary esophageal carcinoma may develop
necrosis of the tumor with subsequent ulceration or
formation of an esophagorespiratory fistula.

Esophageal involvement occurs in approximately 3%
of patients with Crohn's disease of the ileum or colon and
may be seen as aphthous or longitudinal ulcers (Fig. 1-28).
Crohn's disease of the esophagus rarely occurs in the
absence of ileal or colonic disease.

Beh~et's disease (the Silk Route disease) is an unusual
condition of unknown etiology that is characterized
by oral and genital ulcerations, ocular inflammation,
and vascular thrombosis. Focal ulcerations have been
reported mostly in the colon, but esophageal and small
bowel lesions are not unknown.

Benign mucous membrane pemphigoid and epider­
molysis bullosa are rare skin diseases that may be
associated with u.1cerarions, webs, and strictures in the
pharynx and esophagus (Fig. 1-29). The initial fmding
in these conditions is multiple mucosal nodules.

Eosinophilic esophagitis is a rare cause of esophageal
ulcerations. This disease, similar to 'eosinophilic gastro­
enteritis, is associated with eosinophilic inJiltration,
peripheral eosinophilia, and a history of allergies. In addi­
tion to ulcerations, esophageal nodularity and stricture
{ormation may occur in this disease.

Aortoesophageal Fistula
Aortoesophageal fistula is an unusual complication of

thoracic aortic aneurysms or aortic grafts. Erosion into
the esophagus causes hematemesis, usually followed

Figure 1-29 Epidermolysis bullosa. At least two proximal
esophageal strictures are identified (arrows).



hours to days by massive bleeding and potential
=""guination.

Tr3llDJ.a

-:-rauma may lead to ulceration, laceration, or perfora­
oi the esophagus. This includes iatrogenic causes,
as instnlmentation, endoscopic perforation of an

eaV'ageal diverticulmn, and sclerotherapy of esophageal
with resultant ulceration (Fig. 1-30). Endoscopic

~lications vary with the procedure, with variceal
....,=lmerapy having the highest complication rate (about

Taco chips or com chips may laceI"ate the esophagus,
- nnpacted foreign bodies may cause focal irritation and
:en.tion. Vomiting can lead to mucosal disruption

Job!lory-Weiss tear) (Fig. 1-31) or transmural perforation
3.x:rllaave's syndrome) of the distal esophagus.

_-eoplastic

Carcinoma, Metastases, and Lymphoma
Focal necrosis and ulceration are not unusual in

::I=:nary squamous cell carcinoma of the esophagus.

Figure 1-30 Intraluminal sinus tract formation (arrows) after
~therapytreatment for varices.
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Figure 1-31 Intr.uuural air in the distal esophagus (arrows).

Extensive ulceration (in which the tumor is almost com­
pletely ulcerated) is uncommonly seen radiographically,
however. Primary esophageal adenocarcinoma arising in
Barrett's epithelium also may undergo focal ulceration.
Other malignant lesions that may appear ulcerated
include metastases and lymphoma. Additionally, fistulous
communication between squamous cell carcinoma of the
esophagus and the bronchial or trdcheal airway occasion­
ally can be seen with midesophageallesions (Fig. 1-32).

DYSMOTllITY

Normal esophageal motility or peristalsis refers to the
coordinated propulsion of a bolus from the pharynx
to the stomach. This process is regulated by complex
neuromuscular interactions and appears radiographi­
cally as a continuous, smooth, wavelike contraction.
A primary wave is initiated by the act of swallowing,
whereas a secondary wave is produced in response to
distention of the esophagus caused by refluxed stomach
content. Tertiary noncontractile waves occasionally may
be seen in older patients. In the presence of an adequate
primary wave, however, this fmding is of no conse­
quence. The presence of tertiary waves with no primary
wave indicates esophageal dysmotility

Cervical Esophagus

Neuromuscular Abnonnalities
Diseases of striated muscle, such as dermatomyositis

and muscular dystrophy, can affect motility of the cervical
esophagus because this portion of the esophagus is
composed of striated muscle rather than sn100th n1uscle.
Various neuromuscular abnormalities, including brain­
stem infarction, multiple sclerosis, and pseudobulbar
palsy, can cause dysmotility of the cervical esophagus
because swallOWing function is controlled by the central
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Figure 1·32 Tracheoesophageal fistul:l in a 59-year-old man
with a long, destnlctive malignant lesion of the midesophagus
(large arrows) and a wide fistulous communicaLion (small
arrows) with the trachea.

nervous system, cranial nerves, and peripheral auto­
nomic nerves. Myasthenia gravis, a disorder involving
the neuromuscular junction, also can affect cervical
esophageal motility.

Incomplete Cricopharyngeal Relaxation
The cricopharyngeal muscle, as the lower portion of

the inferior constrictor muscle, forms the posterior wall
of the pharyngoesophageal junction. During swallowing,
the cricopharyngeus muscle normally relaxes to allow
the food bolus to pass from the pharynx into the esopha­
gus. If this muscle remains contracted during swallowing,
it causes a smooth, rounded impression at the level of
the C5-C6 disk space that mal' persist for a variable
length of time (Fig. 1-33). This is an important cause of
dysphagia and mal' lead to the fOffilation of a zenker's
diverticulum by creating increased intraluminal pressure

Figure 1-33 L1.tcr.tl image of the cervical esophagus obtained
during fluoroscopic examination shows prominence of (he
cricopharyngeus muscle (arrows).

in the hypopharynx. Incomplete cricopharyngeal relax­
ation may develop as a protective mechanism in patients
with gastroesophageal reflux to prevent aspiration of
gastric contents. Prominence of the cricopharyngeal
muscle also can be seen after laryngectomy.

Thoracic Esophagus

Scleroderma is a systemic disorder of COIU1ective
tissue in which smooth muscle is replaced by fibrous
tissue. In the esophagus, the proximal third that is
composed of striated muscle is unaffected, whereas the
distal two thirds, composed of smooth musde, displays
abnonnal motility. Typically the esophagus appears
dilated, and the gastroesophageal junction is Widely
patent. Gastroesophageal reflux is common and may be
marked. Because of the long-standing reflux and the
delayed clear.mce of refluxed material by the flaccid
esophagus, reflux esophagitis usually develops. This
reflux esophagitis may be severe, with resultant stricture



true achalasia-a neuromuscular abnomlality of
the lower esophageal sphincter of unknown cause

~dar)' achalasia-a neuromuscular abnonnality of
the lower esophageal sphincter caused by subtle
malignant infIltration of the region of the gastro­
esophageal junction; can be easily confused with
idiopathic t)'pe

;u;=tu'on or development of Barrett's esophagus. Mixed
'\'e tissue diseases that often include sclerodemla

ma.y show these findings.
.\Cha.Iasia (Box 1·7) is a disease of the myenteric

. of the esophagus of Wlknown origin (although an
....oo:nmune process is suspected), in which peristalsis

diffusely decreased or absent, and the lower
hageal sphincter fails to relax. The esophagus is
dilated and may appear on frontal chest fIlms as an

'filled or fluid-filled wbular structure in the medial
hemithor'dX (with an air-fluid level present on
t films). Contrast studies show dilution of barium

retained fluid in the esophagus. Peristaltic contrJ.c­
. appear disordered in the early stagc of thc diseasc
diminished or absent in later stages. The distal

phagus shows smooth, tapered narrowing caused by
. contracted lower esophagcal sphinctcr (Fig. 1-34).
the upright position, gravity may partially overcome
decreased peristalsis and the tightened sphincter to
w intermittent passage of small amounts of contrast
erial into the stomach. in the horizontal position,

- . if any, contrast material passes into the stomach.
Primary or idiopathic achalasia usually has its onset in

rly adulthood and results in dysphagia, regurgitation,
other complications of esophageal stasis, including
breath, aspirJ.tion pnewnonia, and esophageal can­

. . (Fig. 1·35). In cases of long-standing achalasia,
~ is an increased incidence of squamous cell carci·
aoma of the esophagus, probably secondary to chronic

osal irritation by retained food (Fig. 1-36). Diagnosis
superimposed carcinoma in achalasia is rarely

~e before the, tumor has become large and invasive.
EarI~' mdiological detection is limited by thc patient'S
'=<Ierlying chronic dysphagia, the markedly dilated

- phageal lumen, and the presence of food and debris
..-ithin the esophagus.

Secondary achalasia simulates primary achalasia, but
~lll{s from malignancy and usually has an abnlpt onset
mer in life (Fig. 1·37). The decreased peristalsis and smooth
upering of the distal esophagus in secondary achalasia
rypicalJy result from tumor infiltrating the myenteric
-pIe::o..l!S of the distal esophagus. This infIltration can occur
in invasive gastric carcinoma, lymphoma, and metastatic
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Figure 1-34 Esophageal dilatation \Vitll smooth distaJ tapering
at the gastroesophageal junction (arrow) represents achalasia.

disease involving the gastroesophageal junction. Other
suggested pathogenetic mechanisms in secondary acha­
lasia include pamneoplastic syndrome and centtal nervous
system lesions affecting the vagal nerve nuclei.

Chagas' disease, an infectious disease seen in Brazil
and other tropical areas, also mimics idiopathic achala­
sia. Chagas' disease is caused by Trypanosom,a cruzi,
a protozoan transmitted to humans by the reduviid bug,
and affects the esophagus, duodenum, colon, and heart.

Diffuse esophageal spasm and related disorders
(e.g., presbyesophagus and corkscrew esophagus) cause
a spectrum of esophageal dysmotility. Disordered peri­
stalsis is often reflected by the presence of tertiary waves
(Fig. 1·38). These nonpropulsive, sometimes bizarre­
appearing contractions may be associated with signifi­
cant dysphagia.

Abnormal esophageal motility is one of the earliest find­
ings in reflux esophagitis and in other inflammatory causes
of esophagitis, such as radiation ;md caustic ingestion.
Systemic diseases that may cause esophageal dysmotility
include myxedema, thyrotoxicosis, amyloidosis, and
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A B
Figure 1-35 A, A markedly dilated thoracic esophagus (arrow) in a patient with long-standing
primary achalasia. B, In the lower esophagus, the "sigmoid" configuration (arrows) of long-standing
achalasia can be seen.

A B
Figure 1-36 Achalasia with complicating carcinoma. A, Esophagram of patient with long-standing
achalasia showing dilated atonic esophagus with midesophageal irregular stricture. B, er of the
same patient shows thickened inftllrated esophageal wall (curved a1i'OWS) at the level of the carina.
Note air-fluid level in the esophagus.



1-37 Secondary achalasia. A 70-year-old man with recent
~ of dysphagia and weight loss. Esophagram shows tapered
~gof distal esophagus (arrows). The "beak" lacks a pointed

:md has some mild irregularity that, along with the history,
it suspicious. A biopsy specimen showed infiltrating
rna.

es mellitus. Drugs, particularly atropine and other
~linergics,can also cause esophageal dysmotility.

_•ARROWED ESOPHAGUS

~3ITowing of the esophagus may result from intrinsic
extrinsic causes. Narrowing can be characterized

~er as focal or diffuse, mild or severe, and smooth
~gular.

~eoplasms

Esophageal neoplasms, especially squamous cell carci·
. are common causes of focal esophageal narrow­
The most typical appearance of esophageal
ous cell carcinoma on contrast studies is an abrupt,
ar narrowing by an annular mass (Fig. 1·39). CT is
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used to evaluate the primary lesion and to dctemtine
depth of invasion and presence of regional adenopathy
and distant metastases (Figs. 1-40 to 1-42). Contiguous
extension of tumor may involve the tracheobronchial
tree, aorta, pieura, or pericardium and is shown by inftl­
tration of pamesophageal fat planes. This extension may
be overestimated, however, in the absence of fat planes
secondary to cachexia or fibrosis. Lymphatic extension
Ot tumo'Cs, a\thou'§:l usua\ll \?rc~ent when 'd.d\acent
lymph nodes appear enlarged, may be underestimated
(if malignant nodes do not appear enlarged) or, less
commonly, overestimated (if nodes are enlarged because
of benign disease).

TI,e role of MRI has been limited in the evaluation of
esophageal carcinoma because of motion artifact, but is
beginning to playa more important role with the devel­
opment of cardiorespiratory gating teclmiques.

Esophageal adenocarcinoma arising in Barrett's
epithelium can cause irregular luminal narrowing similar
to that seen in squamous cell carcinoma (Fig. 1-43).

Metastatic disease to the esophagus occurs through
contiguous or hematogenous spread of tumor. Direct
invasion can involve the cervical esophagus (laryngeal
carcinoma and thyroid carcinoma), rnidesophagus

Figure 1-38 Tertiary comnlctions and a pulsion diverticulum
(arrow) in the distal esophagus.



1-37 Secondary achalasia. A 70-year-old man with recent
of dysphagia and weight loss. Esophagram shows tapered

;ing of distal esophagus (arrows). The ~beak" lacks a pointed
~ has some mild irregularity that, along with the history,

it suspicious. A biopsy specimen showed infiltrating
rna.

es mellitus. Drugs, particularly atropine and other
olinergics, can also cause esophageal dysmotility.

_•ARROWED ESOPHAGUS

~arrowing of the esophagus may result from intrinsic
e:\.""trinsic causes. Narrowing can be characterized

~..ber as focal or diffuse, mild or severe, and smooth
irregular.

.'ieoplasms

Esophageal neoplasms, especially squamous cell carci­
_"!lla, are common causes of focal esophageal narrow­

The most typical appearance of esophageal
ous cell carcinoma on contrast studies is an abrupt,

~ar narrowing by an annular mass (Fig. 1-39). CT is
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used to evaluate the primary lesion and to determine
depth of invasion and presence of regional adenopathy
and distant metastases (Figs. 1-40 to 1-42). Contiguous
extension of tumor may involve the tracheobronchial
tree, aorta, pleura, or pericardium and is shown by infil­
tration of paraesophageal fat planes. This extension may
be overestimated, however, in the absence of fat planes
secondary to cachexia or fibrosis. Lymphatic extension
of tumors, although usually present when adjacent
lymph nodes appear enlarged, may be underestimated
(if malignant nodes do not appear enlarged) or, less
commonly, overestimated (if nodes are enlarged because
of benign disease).

The role of MRI has been limited in the evaluation of
esophageal carcinoma because of motion artifact, but is
beginning to playa more important role with the devel­
opment of cardiorespiratory gating techniques.

Esophageal adenocarcinoma arising in Barrett's
epithelium can cause irregular luminal narrowing similar
to that seen in squamous ceIJ carcinoma (Fig. 1-43).

Metastatic disease to the esophagus occurs through
contiguous or hematogenous spread of tumor. Direct
invasion can involve the cervical esophagus (laryngeal
carcinoma and thyroid carcinoma), midesophagus

Figure 1-38 Tertiary contractions and a pulsion diverticulum
(arrow) in the distal esophagus.
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A B
Figure 1·39 A, Irregular narrowing in the upper thoracic esophagus represents squamous ceU carci­
noma. B, cr shows marked drcumferential wall thickening (arrows) as a result of tumor infiltration.

A B
Figure 1-40 A 22-year-old with dysphagia. A, Fsophagram sho'\vs an ulcerated malignant lesion
of the distal esophagus involving the gastroesophageal junction. The solid arrow indicates the
lesion, and the opetl arrow identifies tIle large ulceration. n, cr shows mass with a large ulceration
(arrow) in the discal esophagus.



~ 1-41 Patient with midcsophageal carcinoma (a.rrows)
spread to the mediastinum. Note the hazy density in the medi­

.....""::mlffi and the poor definition of the outer margins of the thick­
=xd esophagus.
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Figure 1-42 Carcinoma of the distal esophagus. Note subtle
computed tomographic appearance of lesion. Findings consist
ofw,i11 thickening (arrows) and luminal narrowing.

A B
Figure 1-43 Barrctt'S metaplasia complicatcd by adenocarcinoma. A, A 60-year-old patient with
known sclerodcrma presents with dysphagia, weight loss, and fatigue. Esophagram shows ulcerated
mass lesion (arrows) of distal esophagus. l3iopsy confirmed malignant lesion and evidence of
Darrett's metaplasia. B, Admission chest film shows large pulmonary metastatic lesion.
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(lung carcinoma and mediastinal adenopathy), or distal
esophagus (superior extension of gastric carcinoma).
Radiographic findings include esophageal obstmction,
displacement, narrowing, ulceration, and fistula forma~

tion. Hematogenous metastasis to the esophagus (breast
carcinoma and malignant melanoma) is less common
than contiguous spread, but may also produce a variety
of ra.diogmphic findings, including focal narrowing and
submucosal masses.

Lymphoma (Fig. 1-44) affects the esophagus in less
than 1% of cases and is more often a result of extrinsic
compression by mediastinal adenopathy than of intrinsic
esophageal involvement. Esophageal lymphoma has many

different radiographic appearances and may simulate
achalasia, varices, contiguous extension of gastric carci­
noma, and hematogenous metastases (Fig. 1-45). It also
may cause luminal narrowing or a polypoid mass, either
of which may be associated with ulceration. Leiomyomas
or other benign esophageal neoplasms, when of suffi­
cient size, can cause smooth compression and narrowing
of the esophageal lumen.

Infection

Another intrinsic cause of esophageal narrowing is
inflammatory stricture formation (Fig. 1-46). Infectious

A B
Figure 1~44 A, Lymphoma of midesophagus with extraesophagcal spread of disease. B, It could
be a mucosal or submucosal lesion (arrow).
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A B
Figure 1·45 Metastatic lesion to lower esophagus in a patient with widespread colonic carcinoma.
A, cr shows irregular wall thickening (a.rrow) and some adjacent satellite lesions (arrowheads).
B, Barium esophagram shows irregular polypoid lesion in distal esophagus (arrows).

auses of stricturing include tuberculosis, candidiasis,
:!!!d, rarely, syphilis.

Inflammation (Noninfectious)

.\"oninfectious inflammatory strictures may result
ii'Uffi gastroesophageal reflux (and disorders associated
.ith reflux), Barrett's esophagus, corrosive ingestion,
>nd radiation (Figs. 1-47 to 1·51). Less common causes
:ndude Crohn's disease, benign mucous membrane
;xmphigoid, epidermolysis bullosa (Fig. 1·52), eosinophilic
esophagitis, graft-versus-host disease, and prior sclero­
~rapy for varices.

\Iotility Abnormalities, Hematoma,
and Extrinsic Compression

)1otility abnormalities may focally narrow the eso­
phagus by causing tertiary contractions (diffuse esophageal
~m) or incomplete relaxation of the distal esophageal
5phincter (achalasia). Traumatic intramural hematoma

- the distal esophagus also can cause focal narrowing.
.Extrinsic compression by adjacent benign or malignant
PfOCesses typically causes smooth, eccentric narrowing.

DllATED ESOPHAGUS

Esophageal Distention,
Mechanical Obstruction

Dilatation of the esophagus most often occurs
proximal to a mechanical obstruction, either a neoplasm
or an inflammatory stricture. Extrinsic compression or
intraluminal obstnlction (food impaction) also can result
in esophageal dilatation proximally.

Esophageal Distention, No Obstruction

In the absence of mechanical obstruction, the esoph­
agus may appear diffusely dilated secondary to motiliry
disorders (achalasia and scleroderma), drugs (anticholin­
ergics), and systemic diseases (myxedema, thyrotoxicosis,
amyloidosis, and diabetes mellitus). Saccular dilatations
of the esophagus are an uncommon manifestation of
scleroderma and other connective tissue diseases.
Saccular dilatations of the esophagus appear similar to
the saccular dilatation more typically seen in the small
bowel and colon in these disorders.
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Figure 1-46 Long esophageal stricture. A 47-year-old patient
with a long history of chronic reflux esophagitis. Barium esopha·
gram shows a long, benign stricture with ulceration (orrow).

Esophageal Distention, Focal

Focal dilatation of the esophagus can result from
expansion arolUld a bulky, intraluminal neoplasm, such
as a mesenchymal sarcoma or spindle cell carcinoma.
It can also occur after various operations, including
Heller's myotomy (distal esophagus) and resection of
esophageal duplication cyst (midesophagus). Retraction
of the esophagus secondary to pulmonary scarring typi­
cally results in focal esophageal dilatation.

DIVERTICULA

Box 1-8 lists differential diagnostic considemtions for
clivenicula.

Zenker's Diverticula

Zenker's diverticulum is a herniation of mucosa and
submucosa through a defect in the posterior aspect of

Figure 1-47 Narrowing of the distal esophagus (arrow)
proximal to an axial hiatal hernia (II) represents a reflux stricture.

Box 1-8 Esophageal Diverticulum:
Not All Contrast Collections
Outside the Lumen Are
Ulcers or Perforations

Zenker's diverticulmn-motility disorder, possibly asso­
ciated with chronic GERD

Pulsion diverticulum-motility disorder
Traction diverticulum-related to inflammation in the

mediastinum, traditionaUy tuberculosis
Epiphreruc diverticulum-motility disorder
PseudodiverticullID1-dilated esophageal mucous gland

relatt:d to chronic inflammation and possible
increased risk of c.1ncer
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A B
Figure 1·48 lnflammalOI)' stlicrures. A, Short narrowing in the Olidthoracic esophagus ((lrroWS)

represents a Barrett's stricture in a patient with long-standing scleroderma. The surgical clips arc
from a previous sympathectomy. B, Patient with chronic benign esophageal stricture (open arrow)
with "overhanging edge" (solid arrows). This ntdiological sign, in which a cui-de-sac of the
prestrictured esophagus is projected below the levd of the stricture, indicates benign and chronic
nature of the lesion. It is the reverse of the ushouJdcr" sign seen in malignant lesions.

the pharyngoesophageal junction. This defect occurs in
:m area of potential weakness (Killian's dehiscence) in
the miclline between horizontal and oblique fibers of the
inferior con~trictormuscle (Fig. 1-53). Zenker's divertic­
ulum most likely results from increased intralull1inaI
pressure in the hypopharynx and may be associated
with incomplete relaxation of the cricopharyngeal mus­
de. When small, Zenker's diverticulum extends direcdy
posteriorly and is best visualized in the lateral projection
on contrast examination (Fig. 1-54). With continued
increased pressure, the diverticulum may enlarge and
extend laterally. Complications associated with Zenker's
diverticulum include dysphagia, bad breath, and aspiration
pnelUllonia, and iatrogenic perforation of the diverticulum
3.[ endoscopy is a recognized danger. Less commonly,

diverticula can arise from the lateral aspects of the
pharyngoesophageal junction.

Midesophageal Diverticula

Miclesophageal diverticula often occur at the anterior
aspect of the esophagus at d,e level of the carina (Fig. 1-55).
They may represent traction diverticula resulting from
retraction of the esophageal wall by healed grmuloma­
tous disease of the mediastinum. More recent studies
suggest, however, that most midesophageal diverticula
are caused by increased intraluminal pressure and repre·
sent pulsion diverticula. On contrast examination, traction
diverticula, which contain a muscular wall, typiCally have
an angular contour and can contract, whereas pulsion
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Figure 1·49 A 13-mm barium tablet (arrows) lodges above a
distal esophageal strichlre with the patient in the upright position.

Figure 1-50 Tube esophagram shows a midesophageal lye
stricture (open arrow). The tube (arrowheads) lies proximal to

the stricture.

diverticula, which lack a muscular wall, have a rounded
configuration and do not contract.

Epiphrenic Diverticula

Epiphrenic diverticula are located in the distal
esophagus near the gastroesophageal junction (Fig. 1-56).
These pulsion diverticula result from abnorma~ intra­
luminal pressure and may be associated with tertiary
contractions of the esophagus. Accidental entry of the
endoscope into an epiphrenic diverticulum may lead to
perforation.

Intramural Pseudodiverticula

Esophageal intramural pseudodiverticulosis is an
unusual condition in which dilated mucous glands in
the esophageal wall may simulate true diverticula on
contrast studies (Fig. 1-57). The pseudodiverticu]a are
usually flask shaped and of uniform depth. They may be
solitary or multiple, and distribution may be segmental

Figure 1-51 Long, irregular narrowing of the distal esophagus
(mTowbeads) resulting from lye ingestion.



.iignre 1-52 lateral view of the cervical esophagus shows
IIx:al stricture (arrow) in a patient with epidermolysis bullosa.

diffuse. This condition is most often associated with
~hageal strictures, although the diverticula may be

ted proximal or distal to the stricture site. Intramural
?5OJdodiverticulosis usually occurs as a rare sequela of

phagitis. There may be an association between this
:;ux:ess and esophageal malignancies.

Intraluminal (Artifactual) Diverticula

Intraluminal esophageal diverticulum represents a
::ansient artifact that results from barium mixing with
:a:a.ined fluid or debris in the esophagus. This artifact
.ippCars similar to an intraluminal duodenal diverticulum
-V>indsock") on contrast examination, but is not

·ssociated with an intraluminal membrane.

FOlDS

:'lormal

Longitudinal folds extend along the entire length of
'De esophagus and are best shown on collapsed views.
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Figure 1·53 Diagram of the posterior wall of the hypophaIll11x
and cervical esophagus illustrates the horizontal fibers (arrows)
and oblique fibers (curved arrows) of the inferior constrictor
muscle.

Transverse folds also occur normaUy, although they are
seen less frequently than longitudinal folds. These thin,
transient folds represent contraction of the muscularis
mucosa of the esophageal wall (Fig. 1-58). This is some­
times referred to as a "feline esophagus" because the
tr.lllsverse folds resemble those seen normally in the
esophagus of a cat.

Thickened

Thickening of longitudinal and transverse folds as
a result of edema and inflammation has been described
as an early fmding in reflux esophagitis and may occur
in other fonus of esophagitis as well. Esophageal varices
may appear as thickened folds, but are djfferentiated
by their tortuosity and changeability with position and
esophageal distention.
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Figure 1-54 lateral view of the cervical esophagus shows a
Zenker's diverticulum (Z).

Varicoid carcinoma is a form of squamous cell
esophageal carcinoma in which submucosal spread of
tumor causes esophageal folds to appear thickened
(Fig. 1-59 on p. 34). Esophageal lymphoma is a rare neo­
plasm that also may produce thickening of esophageal
folds because of submucosal spread of tumor. In contrast
to varices, the deformity seen in varicoid carcinoma and
esophageal lymphoma is ftxed.

WEBS, HERNIAS, AND RINGS

Webs

Webs are incomplete membranes that appear as thin,
transverse fllling defects on contrast studies (Fig. 1-60).
They most often occur at the anterior aspect of the
proximal cervical esophagus and are less often circum­
ferential. Webs can occur spontaneously or secondary
to scarring from benign mucous membrane pemphigoid
and epidermolysis bullosa. TIley also can develop in

graft-versus-host disease, a complication of bone marrow
transplantation in which host tissues are attacked by
donor lymphocytes. In Plummer-Vinson syndrome, cervical
esophageal webs are associated with iron deficiency
anemia and dysphagia (Fig. 1-61). Distal esophageal webs
may result from reflux esophagitis.

Hernias

A hiatal hernia represents an extension of the stom­
ach into the chest through the esophageal hiatus. In the
more common axial or sliding hiatal hernia, the gastro­
esophageal junction lies more than 2 em above the
diaphragm, and at least three gastric folds can be recog­
nized within the hernia. One of the most common errors
in diagnosing a small hiatal hernia is confusing it with

Figure 1-55 Anterior midesophageal diverticulum (arrow).



d

Figure 1-56 Large epiphrenic diverticulum (d).

prominent vestibular portion of the distal esophagus,
which no gastric fold and no evidence of a B-ring

<:In be seen (Fig. 1-62). Sliding type of hiatal hernia is
=equently associated with gastroesophageal reflux.

.\.lthough hiatal hernias usually involve only the
ximaJ portion of the stomach, the entire stomach
. herniate into the chest, resulting in an intrathoracic

• mach (Fig. 1-63). The stomach assumes an invened
-irian in the chest, with the greater curvature located

~ periody and the lesser curvature inferiorly.
sequently, the proximal ponion of the stomach may

:erum through the esophageal hiatus to its normal posi­
~ below the diaphragm, leaving the distal portion

-thin the chest. These giant intrathordcic hiatal hernias
.=a)- be asymptomatic in some patients. It is important
iO convey these fmdings to the referring physician,
however, because the patient is at a much higher risk
ax- obstruction, volvulus (compromise of the gastric blood
~ pply), and perforation.

Paraesophageal hernias account for less than 5% of
I hiatal hernias and are not associated with
stroesophageal reflux. In this type of hernia, the
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gastroesophageal junction is located below the
diaphragm, but the gastric fundus partially extends
upward through the esophageal hiatus or a diaphrag­
matic defect to the left of the distal esophagus (Figs. 1-64
and HiS).

A large hiatal hernia may seemingly show features
of the sliding and paraesophageal types. The radiologist
should take careful note of the location of the gastro­
esophageal junction, however. As a sliding·type hernia
gets bigger over time, the gastroesophageal junction
rotates counterclockwise toward the diaphragm. A care­
fully performed examination shows that the gastro­
esophageal junction remains above the diaphragm
despite its downward migration.

Rings

Rings represent areas of narrowing in the region of
the esophageal vestibule, which is the distal end of the
esophagus that normally appears slightly distended (see
Fig. 1-62). The muscular ring (A-ring) is a variable, smooth,

Figure 1-57 Long stricture of thl;: thoracic esophagus with
numerous intramural pseudodiverticula.
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FibTUre 1-58 Thin transverse folds (feline esophagus).

broad narrowing at the superior aspect of the vestibule.
This ring rarely causes dysphagia and most likely results
from trdnsient muscle contrdctions.

The more commonly noted mucosal ring (B-ring) is
a persistent, thin, transverse constriction at the inferior
aspect of the esophageal vestibule in the region of the
gastroesophageal junction. The mucosal ring is smooth
and symmetrical and rarely causes dysphagia unless it
measures less than 13 mm in diameter (this is a generally
accepted number, although exceptions are seen). A nar­
rowed mucosal ring that actually causes dysphagia is
known as Schatzki's ling. Mucosal rings are commonly
associated with hiatal hernias and are most easily visual­
ized when the esophagogastric junction is distended
during contrast examination in the horizontal position
(Fig. 1-66). The maximal diameter of the ring ean best
be determined by having the patient swallow, with water,
a 12.5-mm barium tablet while standing. The tablet lodges
above Schatzki's ring, but passes through a nonstenotic
mucosal ring into the stomach.

Although the mucosal ring occurs at the gastro­
esophageal junction, it does not correspond to the
histological squamocolumnar junction (2 line) (Fig. 1-67).

Tllis is true in Barrett's esophagus, in which metaplasia
of the distal esophageal epithelium may cause the Z line
to be located more prOXimal to the esophagogastric jlUlC­
tion. The Z line is sometimes seen 011 double-contrast
films as a thin, serrdted line in the distal esophagus at
the gastroesophageal junction. Artificially induced webs,
such as caused by Stretta therapy for GERD, also may be
seen as ringlike indentations on the mucosa around the
gastroesophageal junction.

TRAUMA AND FOREIGN BQDIES

Mallory-Weiss Tear

Mallory~Weiss tear represents a mucosal disruption
in the distal esophagus, usually resulting from prolonged
or severe vomiting. This disnlption causes hematemesis
and is sometimes identified on double-contrast films as
a thin linear collection of barium in the distal esophagus.

Figure 1-59 Thickened longitudinal fold (arrows) and mural
masses (open arrows) in the distal esophagus represent varicoid
carcinoma.



Figure 1-60 Esophageal web. 111is 40-year-old patient COOl­
?biDed of "pills sticking. ~ Esophagram shows circumferential web
.a proximal esophagus (arrow).

Ftgure 1·61 L1teral view of the cervical esophagus shows
.an anterior web (arrow) and a circumferential web (sbort
~ws) in a patient with dysphagia and microcytic anemia.
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Figure 1-62 Diagram of the distal esophagus and stomach
illustrates esophageal vl:stibule (1), axial hiatal hernia (11), A-ring
(arrows), B-ring (czl-rved arrows), and diaphragmatic impressions
(open at'rows).

Figure 1-63 Large hiatal hernia contains the fundus (7'), body
(B), and antrum (A) of the stomach.



36 GASTROINTESTINAL IMAGING: THE REQUISITES

t

Figure 1-64 Paraesophageal hiatal hernia. TIle herniated portion
of the stomach protruding upward through the diaphragmatic
hiatus next to the gastroesophageal junction (arrows).

Mallory-Weiss tear usually heals spontaneously within
several days. Contrast studies of the esophagus often are
normal. Occasionally one can see intramural air of the
esophagus in an asymptomatic parient (Fig. 1-68).

Intramural Hematoma

Esophageal intramural hematoma represents hemor­
rhage in the submucosal layer of the esophageal wall
(see Fig. 1-13B). This hemorrhage usually occurs by
extension of a mucosal tear and appears on contrast
examination as a smooth submucosal mass.

Perforation

Boerhaave's syndrome
Boerhaave's syndrome also is usually caused by

persistent or severe vomiting, but represents transmural
perforation of the distal esophagus. This perforation
causes mediastinitis and requires inunediate surgical repair
of the esophageal perforation. Delay in surgical treatment

Figure 1-65 Paraesophageal hernia. The herniated segment of
the stomach protrudes upward in a diaphragmatic defect near the
hiams.

of Boerhaave's syndrome is associated with a high
mortality rate. Chest films show mediastinal emphysema,
and water-soluble contrast examination of the esophagus
shows extravasation of contrast material into the media­
stinum (Fig. 1-69). Boerhaave was a Dutch physician
called to attend a retired admiral who indulged in the
old Roman custom of vomiting up a meal, emptying
the stomach so another could be enjoyed immediately.
The admiral experienced severe chest pain and died.
Boerhaave described the case in the literature, including
the contents of the admiral's last meal discovered in
his mediastinum. His name has been attached to any
transmural esophageal tear ever since.

Instrumentation
Traumatic perforation of the esophagus also may

result from penetrating injuries (e.g., knife or bullet
wounds) and instrumentation, either surgical (inadver­
tent laceration during intr.tthoracic surgery) or non­
surgical (routine endoscopy, dilatation procedures, and
stent placements) (Figs. 1-70 and 1-71).



e 1-66 Small hiatal hernia with obstructing B-ring
..,,;"",.-;. ring) (open tltT'ows) and luminal narrowing. Note the
"':o..mm barium tablet held up above the obstruction (cu,-ved

~.

fureign Bodies
ingested foreign bodies, such as chicken bones or fish

, may lodge in the cervical or thoracic portions of
esophagus and cause focal irritation or perforation

- _ 1--2). Taco chips and com chips have been reported
cause mucosal laceration of the esophagus. Ingestion
sharp metallic objects, such as pins or nails, also may

laceration or perforation of the esophagus.

Food Impaction

f<>Od impaction (Box 1-9) usually occurs when a
y chewed piece of meat lodges in the esophagus.

- ugh the underlying esophagus may be nonmaJ on
~ rare occasions, strictures or other causes of
CSJPhageal narrowing usually can be implicated in the
~sposition to the development of a food impaction,

any case of food impaction should arouse suspicion
underlying pathology. Contrast studies in cases of

impaction usually show a completely or partially
cting intraluminal mass (Figs. 1-73 and 1-74).

gOD, anticholinergic medications. and ingestion of

Esophagus and Gastroesophageal Junction 37

Figure 1-67 Z line. Occasionall}' a fortuitous finding on a
double-eontraSt esophagram, the Z line (armws) represents the
squamocolumnar junction.

effervescent granules have been used with varying suc­
cess to dislodge impacted food boluses from the esoph­
agus. Ingestion of enzymes or other meat tenderizers is
no longer recommended because of complications,
including esophageal perforation.

Figure 1-68 Superficial tear of distal esophagus (arrows) in
a patient with no history of endoscopy or instrumentation or
nasogastric tube placement.



Figure 1-70 A, Short stricture (curved arrow) after radiation
and chemotherapy for squamous cell carcinoma of the lower
cervical esophagus. B, Focal collection of contrast material (open
arrow) at the site of previous stricture represents perforation
secondary to endoscopic dilatation procedure.
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Figure 1-69 CT shows a large amorphous air collection
(arrows) in the posterior mediastinum in a patient with
esophageal rupture.

POSTOPERATIVE ESOPHAGUS

Nonsurgical Procedures

A variety of surgical and nonsurgical procedures
have been developed for the treatment of esophageal
diseases.

Bougienage and Balloon Dilatation
Bougienage consists of passage of a graded series of

dilators into the esophagus to distend a benign stricture.
Balloon or pneumatic dilators are much more commonly
used and contain a segment that can be placed directly
at the site of narrowing and then inflated. In achalasia,
pneumatic dilation is used to tear some of the contracted
muscle fibers of the lower esophageal sphincter, similar
to, but not as invasive as, the effect of a surgical myotomy.
The most important complication of these procedures
is esophageal perforation.

Stent Placement
Endoscopically guided stent placement is often

used to maintain patency of the esophagus in patients
with esophageal carcinoma (Fig. 1-75). Obstruction
and migration of the tube and esophageal perforation are
recognized complications of this palliative procedure.

Laser Therapy
Laser therapy is another endoscopic palliative

procedure, in which a laser beam (neodymium:
yttrium-aluminum-garnet laser) is used to destroy tumor
tissue and widen an obstructed esophageal lumen.
This procedure can lead to esophageal perforation or

A B

Box 1-9 Food Impaction: A Sign!
Symptom, Not a Disease

Food impaction Occ..:urs in most cases in the distal esoph­
agus at the gastroesophageal junction.

Consider the cause of food impaction..Almost all cases of
food impaction have some underlying esophageal
abnormality, such as inflammatory strictures or
obstmcting B-rings. It is rare for esophageal cancer to
present with food impaction.



i1gure 1-71 Water-soluble contrast examination shows two
collections of contrast material (arrows) adjacent to the
esophagus. They represent perforations after endoscopic
.on for achalasia.

hagorespiratory fistula. More recently, there have
'XeD reports of microscopic endoscopic laser mucosal
~,,",ery to treat dysplastic foci or early superficial malig­
.:;wncies in patients with Barrett's esophagus. These

-cular types of superficial laser treatments are rarely
'ated with perforation.

Sclerotherapy
5derotherapy is sometimes used in the treatment
esophageal varices. Sclerosing agents are injected

-.±1:ctly into th.e varices, causing fibrosis and obliteration
the varices. Complications of sclerotherapy include

~ation, ulceration, stricturing, fistula formation,
,g:; perforation.

Gastric Balloon
Placement of a balloon into the gastric fundus

~gstaken-makemoretube) is used to control variceal
.-.:nling through a tamponading effect. Incorrect
~"",m,ent of the tube with inflation of the balloon in

distal esophagus may cause esophageal perforation,
e\~er.
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Figure 1-72 Esophageal foreign booy. This 19-year-010 mentally
retarded patient swallowed a Ping-Pong ball that p'lrtially occludes
the distal esophagus.

Surgical Procedures

Myotomy
Surgical esophageal myotomy has been used to treat

idiopathic achalasia (Heller's myotomy) and incomplete
cricopharyngeal relaxation (cricopharyngeal myotomy).
Extensive myotomy of the thoracic esophagus is
sometimes performed in severe diffuse esophageal
spasm that is unresponsive to other treatments and
in idiopathic muscular hypertrophy of the esophagus, a
rare condition characterized by diffuse marked thicken­
ing of the esophageal musculature. In these procedures,
the abnormally contracted or thickened muscle is surgi­
cally incised.

Interposition
Various types of surgical interpositions can be

performed in conjunction with esophageal carcinoma
or extensive stricture formation. Stomach, coJon, or
jejunum can be used for this purpose. Contrast
studies and CT are useful for showing postoperative
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Figure 1-73 Large piece of meat (m) in the distal esophagus
causes almost complete obstruction.

complications: early (anastomotic leak, perforation,
obstruction as a result of edema) and late (anastomotic
stricture and recurrent tumor).

Fundoplication
Fundoplication and related surgical procedures can

be used to reduce hiatal hernias and prevent associated
gastroesophageal reflm'- In fundoplication (Nissen,
Mark IV [Belsey], and Hill rypes), a portion of the gastric
fundus is wrapped around the distal esophagus
(Fig. 1-76). This fundal wrap prevents reflux by com­
pressing the distal esophagus and may appear as
a pseudotumor on routine contrast studies and cr.
Complications include obstruction if the wrap is too
tight and persistent reflux if it is too loose. The Angelchik
device, a ringlike structure filled with silicone, can be
used in place of a fundal wrap, but is associated with
additional complications, inducting migration of the device
into the abdominal or thoracic cavity and erosion into
the gastric lumen.

Sugiura Procedure
The Sugiura procedure is a complex surgical prace·

dure used for treating esophageal varices. This extensive

operation includes esophageal transection with devascu­
larization of the distal esophagus and proximal stomach.
Postoperative contrast studies typically reveal indenta­
tion at the distal esophageal suture line.

RADIOLOGICAL EVALUATION
OF DYSPHAGIA

Dysphagia (Box 1-10) is a serious symptom and
should be evaluated thoroughly. There are few instances
in radiology in which hiswl)'·taking skills are as neces­
sary as in the workup of these patients. The radiologist
must be prepared to take time and elicit the history of
the dysphagic symptom for two reasons. The first reason
is to conflrm the dysphagia. Patients commonly com­
plain of a sensation in the throat during or even after
swallowing, but they have no difficulry in swallowing
solids or liquids. In other instances, coughing episodes,
postnas:1.I drip, or he-drtbum is presented to the radiologist

Figure 1-74 Patient with carcinoma of distal esophagus.
An esophagrJ.m has the appearance of food impaction (arrow),
which is actually a tumor. Note destroyed mucosa (open arrow).



1-75 Esophageal stent in a patient with advanced
geal carcinoma.

~ clinical history of dysphagia. These are potentially
nant symptoms; however, it is important
the radiologist establish by history the presence

2bsence of tme dysphagia (the inabiliry or difficulry
~ passing the food bolus from mouth to stomach) or

:.nophagia (painful swallowing).
The second reason for eliciting the history of the
:"!Phagic symptom is to determine a suitable radiologi-

examination. Although the radiological evaluation of
_ hagia requires basic evaluation of the morphology

function of the oropharynx, esophagus, gastro­
.=!ilphageal junction, and proximal stomach, it is often

ary to tailor the examination to fit the diagnostic
;wOOlern. Additionally the radiologist does not want to

anything that might harm the patient or increase
£l!tient discomfort. A patient presenting with weight

or dysphagia to solids may not require the full bipha­
examination with carbon dioxide granules and highly
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Figure 1·76 Distal esophagus (hJ is compressed by Nissen's
fundoplication (N).

dense barium, which could potentially be aspirated.
Patients with moderate to severe odynophagia experience
considerable aggravation of their pain when carbon
dioxide granules are used. A thorough l~story might
suggest the problem to be of oropharyngeal origin, in
which a videotape recording or rapid digital image
acquisition, if available, should be used. After taking
the history and performing the clinical evaluation, the
radiologist can plan the form that the radiological

Box 1-10 Dysphagia: The Radiologist's
Dilemma

Always consider dysphagia to be a serious problem.
Assume and look for a mechanical or dynamic basis
for the symptom.

An appropriate clinical swallOWing history and
constitutional history are essential.

For purposes of evaluation, the swallOWing function
begins at the lips and terminates at the stomach.
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study will take to optimize diagnostic opportunity and
diminish complications.

If there is any question as to what might be encoun­
tered, I recommend a "test swallow" of approximately
5 mL of thin barium. Patients with possible higb-grade
mechanical obstruction, esophageal-airway fistula, or
history suggestive of significant aspirations might be
candidates for a test swallow. This tcst swallow would
not seriously degrade the routine study that might follow
and may prevent the occurrence of massive aspiration.

A concise but complete swallOWing history allows the
radiologist to tailor the examination, and in most
instances allows the experienced radiologist to predict
the nature of the abnormality before the sOldy.

History

The follOWing should be considered:
1. Is it Indy dysphagia? Does food "get stuck"? Does the

patient have to work at getting the food down (e.g.,
require fluids to force it down)?

2. What type of dysphagia is it? Is it dysphagia to liquids,
solids, or both' In general, liquid dysphagia may
suggest mOtility abnormalities, whereas dysphagia to
solids tends to point to mechanical difficulties.

3. \Vhat are the duration and constancy of symptoms?
Persistent dysphagia is more worrisome than
symptoms that are intermittent. Are the symptoms
progressive? Progressive solid dysphagia is a
serious concern. This is particularly truc when it is
associated with constitutional changes, such as weight
loss, decreased energy, and decreased appetite.

4. Are there accompanying constitutional changes? Has
the patient experienced weight change? Has appetite
been affected? Has eating panern been altered?
Potentially serious problems are suggested in patients
who experience a slow progression of dysphagia that
requires them to avoid certain foods (e.g., meat) or
puree their food. One should be cautious, however,
when inquiring about eating habits. Many patients
with chronic benign esophageal strictures have come
to terms with their swallowing limitations and have
altered their eating habits accordingly. They may
consider their eating patterns perfectly normal and
unchanged. One occasionally has to put very specific
questions to the patient. Consider the following real-life
exchange between a radiology resident before an
examination and a 62-year-old patient with a prior
history of a chest rumor who is currently complaining
of intermittent heartburn for approximately 1 year's
duration.

Resident: Do you ever notice food getting stuck while
eating?

Patient: No.

Resident: Do you ever have any problems swallowing?

Pa.tient: No.

Resident: Do you ever notice tile feeljng of food
getbng stuck in your neck or upper abdomen?

Patient: No.

Resident: Do you have any pain when you swallow?

Patient: No.

The subsequent UGI examination ?isc1osed a moderate
lower esophageal stricture that had a benign appear­
ance. The radiology resident was encouraged to queg.
tion the patient in more detail. After the radiological
examination, the ·interview proceeded as follows:

Resident: So, you never notice any problems with
swallowing?

Patient: No.

Resident: Food never seems to get stuck when you
swallow?

Patient: No.

Resident: Any problems with swallowing, say, steak?

Patient Acnlally, steak seems to get stuck.

Resident: \That about other meats?

Patient: Usually. I seem to have problems whenever
I swallow meat or bread because it usually gelS stuck,
so I avoid those foods. Sometimes when I take my vita­
mins in the morning, they seem to get stuck. Apart from
tllat, I don't have any problems.

A conversation such as this would not be unique.
There is no suggestion that the patient was delibef'J.tely
intending to mislead or deceive the resident. Some
patients are anxious or frightened about the procedures
and may fmd the questions confusing. Some patients
reach the pOint that their nonprogressive dysphagia is
compensated by avoiding certain types and consisten·
cies of food, and their swallowing assumes normalcy in
their own mind. The skills of history taking, which are
learned and, it is hoped, mastered in medical school,
should be retained and frequently used by radiologists.

Radiological Evaluation

TI,e radiological evaluation consists of five parts. Clinical
history may emphasize one part over another; however,
all parts of the examination should be included to some
extent in every radiological dysphagia workup.



Oropharyngeal Airway
m d1is part of the examination, the following ohser­

are to be made:
~rphology:

• Size of the oropharyngeal airway. Is the airway
dilated'

• Shape and size of the epiglottis.
us organization in transit in the mouth and

00 the tongue:
• Is the bolus well organized on the tongue?
• Is there spillage into the buccal cavity?
• ls there spillage of contrast material into the oral

pharynx before the initiation of swallow?
nnal triggering of the autonomic swallOWing reflex:

• [s there a prompt and rapid triggering of the
swallOWing reflex when the bolus touches the
posterior pharyngeal wall?

• Delays of the triggering of the swallowing reflex
should be noted.

Contraction, elevation of the soft palate, and
~dusionof the nasopharynx:
• Does the soft palate effectively occlude the

nasopharynx during swallowing?
• Is there any nasopharyngeal reflux?

.; Pharyngeal contraction:
• [s the pharyngeal contraction synunetrical? Is there

weakness in the contraction? Is the weakness
unilateral or bilateral? Contrast material tends to
flow to the weak side in situations in which the
pharyngeal contraction is asymmetrically weak.

Excursion of the laryngeal-hyoid complex and the
posterior-inferior tipping of the epiglottis. These are
the mechanisms of airway protection, the former
being especially important:
• Is swallowing accompanied by the normal upward

and outward movement of the laryngeal hyoid
complex?

• Does the epiglottis tilt posteriorly and inferiorly
with the bolus?

Relaxation of the cricopharyngeal muscle. The
cricopharyngeal constitutes the upper esophageal
sphincter:
• During maximal bolus distention, does this area

completely open?
Some patients show a mild cricopharyngeal impres­

1IID(] during maximum bolus transit. If the luminal com­
~e is less than 25% during maximum distention,

-ever, it is always asymptomatic and of no clinical
crmsequence.

Posterior impressions caused by cervical spine osteo­
-cryte formation are also a common finding, but almost

er result in dysphagia and should be ignored.
-ne only exceptions might be the large bridging osteo-
-±ytes of diffuse idiopathic skeletal hyperostosis, large
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posttraumatic osteophytes, or possibly anterior cervical
spine fusion.
8. Postswallow residual:

• Is there residual barium in the hypopharynx
following the swallow?

• If so, estimate the amount (small, moderate,
or large).

9. Aspiration. TItis is defined as contrast material that is
inhaled into the airway and descends below the
laryngeal vestibule and the cords. Contrast material
that does not pass the vestibule is referred to as
penetration:
• If aspiration is present, record type and amount

present. Is there a spontaneous cough reflex with
aspiration?

Three types of aspiration can be identified:
• Preswallow aspiration. When patients spill

barium over the posterior tongue into the
oropharynx or into the valleculae before the
initiation of swallowing and immediately aspirate
the bolus, it is referred to as preswallow
aspiration. This is the most serious type of
aspiration, and most examinations are terminated
at this paint.

• Swallowing aspiration. This is the most
comnlon form of aspiration. Failure to protect
the airway completely may result in some
aspiration during swallowing. TIllS type of
aspiration can be transient (e.g., in patients
follOWing stroke) and may be treated by the
speech pathologist with varying therapeutic
maneuvers.

• Aspiration after swallowing. This occurs when
the pharyngeal contraction is incomplete or
incompetent if the cricopharyngeal muscle fails
to relax fully. The resultant residual material can
be aspirated as the multifunctional oropharynx
(eating, breathing, and phonation) switches to
breathing mode, and contrast material is
subsequently aspirated.

Esophagns: Tnbe Morphology
With the biphasic examination, one evaluates struc­

ture, fiUing defects, barium collections suggesting ulcers
or diverticula, and extrinsic impressions.

Esophageal Dynamics
The presence and gross evaluation of the primary

wave is observed. The presence of secondary or tertiary
waves also is noted.

Primary waves are stripping waves triggered by the
swallowing reflex, whereas secondary waves are trig­
gered by luminal distention or presence of acid and
relate to refluxed contrast material from the stomach or
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poorly cleared contrast material from the esophagus.
Tertiary waves are nonpropulsive contractions of the
esophagus, frequently seen in elderly individuals with
otherwise normal esophageal dynamics. The condition is
referred to as presbyesophagus. This is not a pathologic
condition. The presence of tertiary waves as the only
fonn of esophageal contraction is abnormaL

Esophageal dynamics are best evaluated with
gravity eliminated as a factor and with the patient in the
recumbent position (right anterior oblique being the
optimal position). The primary wave must be ev·.lluated
with a single swallow. Multiple swallows obliterate the
primary wave ahead of it. This is a normal protective
mechanism, but it could be misinterpreted as dynamic
abnormality.

Gastroesophageal Junction
This is the most common site of esophageal disease

and requires careful attention. One should never make

judgments about the gastroesophageal junction based
on air-eontrast upright views. Invariably the gastro­
esophageal junction is pulled downward by gravity and
by the weight of the stomach 'md its contents (especially
if that content is barium). The need for single-contrast
evaluation of the esophagus in the recumbent position
is best shown at the gastroesophageal junction.
Occasionally, small hiatal hernias, B-rings, ulcers, thick­
ened folds, and even small neoplastic lesions may be
subtle or not seen on upright air-contrast views but
effectively shown on single-contrast recumbent views
(Fig. j-77).

Additionally, it is important to note the absence or
presence of gastroesophageal reflux and to quantify it
to some extent. It is natural to reflux acidic stomach
content into the esophagus occasionally. The protective
mechanisms are (I) the secondary wave stripping the
acid back into the stomach and (2) the cricopharyngells,
which protects the oropharynx from refluxed

A B
Figure 1-77 TIle gastroesophageal junction. A, Gastroesophageal junction during upright
double-eontrast views in a patient with a complaint of heartburn. TIle junction looks normal. B, The
same patient recumbent during single-contr.lSt phase of the biphasic exammation. Note hiatal hernia
is not seen on the uptight view.



content. Failure of the secondary wave to clear
phagus rapidly and completely increases the risk
- esophagitis_ Failure of the cricopharyngeus to

me way of refluxed acid into the oropharynx can
ill confusing and occasionally deadly consequences.

....""'nrs- may complain of sore throat or hoarseness in
ming or awake with alarming coughing fits dur­

~ night as reflux and aspiration occur. Sometimes
-piration amount is tiny and silent and continuous,

can result in either pneumonia or bronchospasm.
patients may be treated with antibiotics or anti­
medication,or both, when in fact the underlying

em is gastroesophageal reflux. Quantifying gastro­
"",""hageal reflux is subjective. In the lower third of the
~~oagus, it may be called "small." Reflux to the mid­

hagus can be termed "'moderate," whereas reflux
the entire esophageal column to the level of the

haryngeus can be considered "'large." It is not
presence of reflux, however, that is important, but
effectiveness of the protective mechanisms-the

..;:;rnmg function of the secondary wave and the prorec­
'C function of the cricopharyngeus muscle.

Cardiofundal Region of the Stomach
The cardia and fundus of the stomach should be

ded as part of the dysphagia worl'up. Neoplastic
os in these areas not directly affecting the gastro­
hageal junction have been seen in patients pre­
. g with dysphagia, for which no other cause of
hagia is evident.

Conclusion
Tv."o additional issues require attention in the radio­

~- I workup of dysphagia. The fIrst issue to consider
..." me type of contrast agent. Barium is always the con­

agent of choice for any patient who presents with
dysphagia history and in whom there is no suspicion of

esophageal tear, leak, or possible aspiration.
Water-soluble contrast material has little or no role in
- radiological examination. Because many of these
'enrs may aspirate, it is preferable that barium be the

zspirated agent rather than a water-soluble iodine-based
.:oo.trast agent. The latter can cause chemical pneu­
:IOnitis and even pulJnonary edema in patients whose
:'U1monary function is already compromised.

In patients with relatively he;~thy llmgs, barium aspira­
:JIll] is relatively harmless. It was only 4 to 5 decades ago

I radiological bronchography was performed using
3Uium as the contrast agent. In patients with chronic lung

, barium may be seen for a protracted period in the
gs, but it is still unquestionably preferable to water­

_ uble contrast material and its complications.
The second issue CO consider is the modified barium

~d.l1ow. This is sometimes referred to as a dynamic
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swallowing study and is performed in the Iddiology
department in conjunction with a speech pathologist.
Because swallowing is a function that starts at the lips
and tongue and ceases in the stomach, it is necessa11' for
the radiologist to be completel)' involved in these rypes
of examinations. This involvement is important nOt only
to prOVide professional fluoroscopic imaging and man­
agement of radiation safety issues but also to ensure that
whenever possible a lesion of the esophagus, gastro­
esophageal junction, or proximal stomach is not missed
because only the oropharynx is evaluated.

The speech pathologist's role in the examination is to
evaluate the patient's capacity for oral feeding and to
plan strategies relative to that issue. 111ese examinations
should not be performed to evaluate for dysphagia unre­
lated to central nervous system incidents, degenerative
muscle diseases, or neurological diseases. If they are, it is
the radiologist's responsibility to do what is necessary
for a proper radiological evaluation. This is particularly
true if the oropharyngeal phase of the evaluation is
normal.
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EXAMINATION TECHNIQUES

The biphasic-contrast examination of the stomach is
-idered to be the radiological examination of choice at

~nt. This technique consists of examining the stOffi­
n using double-contrast and single-contrast techniques
Box 2-1).

In most cases, the stomach examination is com­
~ed with the esophagus study. After the ingestion of

Stomach and
Duodenum

effervescent granules and high-density barium and
the double-contrdst evaluation of the esophagus in the
upright position, the patient is quickly lowered into a
supine recumbent pOSition. To avoid excessive spillage
of contrast material into the small bowel, tIus reposition­
ing should be done promptly after the last esophageal
film has been obtained. With the patient in the supine
position, a quick fluoroscopic evaluation of the stomach
indicates to tIle fluoroscopist whether gastric distention
is adequate and if a sufficient amount of barium is retained
within the stomach to continue with the examination or
whether remedial measures may be necessary at this time.

If the stomach is adequately distended and contains
sufficient barium, the patient is rotated one or two times to
achieve gastric coating. By rotating patients to the left, it is
thought that less barium is spilled into the small bowel.
The gastric mucosa is covered by a surface layer of mucus
that must be washed away by the barium to achieve opti­
mal mucosal coating and detail. Inadequate washing of
the barium over the mucosal surface or residual food and
secretions degrade mucosal coating and cause the exam­
ination to be limited. After rotation of the patient, the
stomach is fluoroscopically evaluated again for the quallty
of the mucosal coating.

The menu of spot images obtained varies among differ­
ent institutions. Generally, a supine image of the stomach
is obtained when adequate coating has been achieved.

Box 2-1 Biphasic Upper Gastrointestinal
Examination: The Best of
Both Worlds

Air-contrast view to display and evaluate the mucosal
surfaces of the esophabTUs, stomach, and duodenum.

Single-contrast component to study esophageal
motility, the gastrointestinal junction, contrast disten­
tion, and contour of the bowel wall.
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nt. This technique consists of examining the stom­

:a::h using double-contrast and single-contrast techniques
eX 2-1).
In most cases, the stomach examination is com­

d with the esophagus study. After the ingestion of

Stomach and
Duodenum

effervescent granules and high-density barium and
the double-contrast evaluation of the esophagus in the
upright position, the patient is quickly lowered into a
supine recumbent pOSition. To avoid excessive spillage
of contrast material into the small bowel, this reposition­
ing should be done promptly after the last esophageal
mm has been obtained. With the patient in the supine
position, a quick fluoroscopic evaluation of the stomach
indicates to the fluoroscopist whether gastric distention
is adequate and if a sufficient amount of barium is retained
within the stomach to continue with the examination or
whether remedial measures may be necessary at this time.

If the stomach is adequately distended and contains
sufficient barium, the patient is rotated one or two times to
achieve gastric coating. By rotating patients to the left, it is

thought that less barium is spilled into the small bowel.
TIle gastric mucosa is covered by a surface layer of mucus
that must be washed away by the barium to achieve opti­
mal mucosal coating and detail. Inadequate washing of
the barium over the mucosal surface or residual food and
secretions degrade mucosal coating and cause the exam­
ination to be limited. After rotation of the patient, the
stomach is fluoroscopically evaluated again for the quality
of the mucosal coating.

The menu of spot images obtained varies among differ­
ent institutions. Generally, a supine image of the stomach
is obtained when adequate coating has been achieved.

Box 2-1 Biphasic Upper Gastrointestinal
Examination: The Best of
Both Worlds

Air-contrast view to display and evaluate the mucosal
surfaces of the esophagus, stomach, and duodenum.

Single-contrast component to study esophageal
motility, the gastrointestinal junction, contrast disten­
tion, and contour of the bowel wall.

47
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" Box 2-2 Importance of Being Superficial:
Flow Technique in the Stomach

Barium coating of the gut is normally an amorphous
layer in which superficial lesions are difficult to
recognize.

A thin coating of barium (flow technique) flowing
across the antrum (where most disease occurs) results
in a very thin superficial barium layer that nicely
shows lesions such as erosions and superficial
neoplasms.

This thin superficial layer of flow technique persists for
5 to 7 seconds.

The patient is turned sharply to the right into a steep
right posterior oblique or right lateral position in which
air-contrast views of the cardia and fundus are obtained.
Under fluoroscopic control, the patient is turned back
into the supine position and slightly to the left to thin out
the barium pool in the antrum. As the barium flows from
the antrum into the proximal stomach, a thin layer of bar­
ium is left in the antrum, achieving the "flow technique"
(Box 2-2), which is an excellent method for shOWing
subtle mucosal fmdings, such as tiny nodules and linear
or punctate erosions (Fig. 2-1). A spot film is obtained

Figure 2-1 Using flow technique, tiny superficial erosions are
seen along one of the folds of the distal stomach. Edema around
the erosions results in a beaded appear,mce of d1e fold (arrows).

at this point. The patient is tunled to the left again,
;:md air-contrast views of the antrum and duodenum are
obtained. This series of maneuvers basically represents
the double-contrast portion of the stomach examination.
Additional fIlms and maneuvers may be necessary to show
completely all areas within the stomach and the duodenal
bulb and sweep.

At this point, the patient is turned to a recumbent right
anterior oblique position and ingests low-density barium.
A limited evaluation of oropharyngeal function may be
obtained during this phase. Esophageal dynamics also
are studied, and barium-distended views of the gastro­
esophageal junction are obtained. TIle latter constitutes
an important part of the stomach evaluation. With suffi­
cient barium within the stomach and antnlIn and duo­
denal bulb, right· anterior oblique or prone compression
views of the antmm and duodenal bulb are obtained.
This maneuver is as important in the upper gastroin­
testinal (UGI) series today as it was in the early years
of gastrointestinal imaging of the stomach. Occasionally,
ulcers tllat are either unfilled during the earlier part of the
examination or not well shown can be seen easily with
compression views of the antrum and duodenal bulb.

Occasionally, tl,e duodenal bulb and possibly the
distal antrum are in a posterior position. In some cases,
the bulb lies almost directly behind the distal antrum;
this makes compression of the area difficult. It also
makes air-contrast views of the bulb and antropyloric
region difficult. In such an instance, the fluoroscopist may
use angulation of the nlbe, if this is available. Most fluoro­
scopic suites have a tableside type of fluoroscopy, however,
without the benefit of angulation. In such a situation, the
fluoroscopist can turn the patient onto the left side
and firmly position a bolster, which may be an inflated
compression paddle or a balloon against the left costo­
chondral margin. The patient, under fluoroscopy, is moved
down into a left anterior oblique position, compressing
the abdomen as the patient rolls to the left and toward
the table. TIus movement is often sufficient compression
10 push away the antrum of tl,e stomach and allow the
duodenal bulb and pyloric channel 10 be shown (Fig. 2-2).

The use of glucagon in UGI studies has been advocated
and practiced since the 1980s. Small doses of glucagon
have been shown to be effective in improving the visibility
of the antrum and duodenal bulb. Many centers have
now ceased this practice, however, and no intravenous
injection is given before the examination; no objective
evidence shows that this results in any decreased sensi­
tivity in the detection of disease in these areas. \Vithout
the use of an antiperistaltic agent, such as glucagon,
gastric contractions may be observed and evaluated.

TIle last part of the examination consists of rotating the
patient again to evaluate for the pOSSibility of spontaneous
gastroesophageal reflux. 1 tend not to use any extraordi­
nary methods for inducing reflux. Valsalva maneuvers,



2·2 left anterior oblique view with compression shows
profLIed pyloric channel and duodenal bulb. A small pyloric

.:=annel ulcer, nOl seen on odler views, is shown (arrow).

minal compression, and bolstering all have been
·bed. Reflux can be produced in virtually any patient
sufficient effort. The significance of this reflux is
tful. The rotation of a patient that results in a spon­
us and significant amount of reflux is probably

.!mpOrtant, however. Rotation often simulates what
pens when the patient rolls over in bed at night and

aperiences gastIic reflux and associated symptoms. The
- of demonstrated reflux may not rule out gastro­

....., phageal reflux as the cause of the patient's symptoms.
In many instances, instead of the standard biphasic

cnmi.nation, a single-contrast study using low..<Jensiry
.aarium is performed. Although this situation should
represent a minority of cases, there are acceptable indi·
c:nions for a single-colltr'dst examination. In elderly or
;jebilitated patients who are imable to stand or who can·

roU or proVide the compliance necessary for a double-
ntrast evaluation of the stomach, a single-contrast

aamination is an alternative. In patients with suspected
_ -tric outlet obstruction, a single-contrast examination
suffices. In patients who have had surgery or procedures
Ul\'olving use of instrumentation and in whom there is
my question of perfor-dtion or leakage, a water-soluble,
stngle-contrast examination is indicated. When faced with
the decision as to whether a single-contntst or biphasic
examination should be undertaken, the radiologist sbould
be gUided by the same axiom that applies to the radio­
logical evaluation of the colon-a limited single-contrast
e\'aluation is better tllan a limited double-conrrast evalu­
::ttion of the organ.
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Multitrack computed tomography (Cf) is extremely
useful in evaluating for known or suspected malignant
lesions of the stomach. The extent of perigastric involve­
ment and spread to adjacent organs can usually be shown
with this type of imaging. Of great importance in the
newest generation ofcr scanners is the ability to perform
multiplanar imaging and three-dimensional reconstruction
of sites of interest (Fig. 2-3). Endoscopic ultmsound with
a rotating transducer placed on the tip of a specially pre­
pared endoscope has been useful in tlle evaluation of
malignant dise-dSeS of the stomach. It is shown to be supe­
rior to cr in evaluating the extent of gastric wall involve·
ment and limited perigastric spread and adenopathy, which
may not be evident on cr. For evaluation of metastatic
involvement of the liver, however, three-phase multitrack
Cf of the liver using arterial, portal, and venous phase
scanning remains the examination of choice. Occasionally,
delayed or "equilibrium" inlages m.'y be obtained. cr also
is invaluable for the demonstration of distal metastatic
disease or spread to lymph nodes in the retroperitoneum.

Magnetic resonance imaging (MRl) has had a limited
role in tile imaging evaluation of the stomach to date. The
pOSSibility of a selective MRJ contrast agent taken up only
by the various layers of the mucosa holds some promise.
11us modality remains in the experimental stage, however.

The old bariwn examination, refll1cd over the years
with better barium products and better imaging equip­
ment, is still an inexpensive and relatively reliable way of
examining the stomach. Although the number of barium
procedures has diminished over the last 2 decades, the
cost of health care has dramatically increased. ll1ere are
numerous reasons for this increase, but one is the devel­
oping, and almost routine, choice of clinicians who go
immediately to much more costly examinations, such as
endoscopy. When there is a good gastrointestinal radiolo­
gist, the quality and accuracy of a barium study approaches
that of endoscopy at a fraction of the price.

The following sections approach the differential diag­
nosis of gastric disease, based on the dominant radiological
problems seen on barium examinations. It closely reflects
the way cases are encountered in a daily clinical practice.
The same condition may be discussed under several
categories, however, reflecting the different manifestations
or stages of the same disease process.

STOMACH

Gastric Outlet Obstruction Resulting
in Gastric Distention

Peptic Ulcer Disease
The most common cause of gastric outlet obstruction

in adults before 1980 was peptiC ulcer disease involving
the gastric anrnlffi, the pyloric channel of the stomach,
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A B
Figure 2-3 A, Normal collapsed stomach a..xial view (arroUls). B, Demonstration of sagittal view
of collapsed stomach (arrows) and liver (mro-whecul).

and the fll'st portion of the duodenum. Even before
1980, this complication was seen in only 5% of patients
with peptic ulcer disease. With newer medications and
more prompt treatment of peptic ulcer disease, it is more
common today to see malignancy as a cause for gastric
outlet obstnlCtion. Gastric outlet obstruction secondary
to ulcer and inflammation is still encountered, with duo­
denal bulb and pyloric channel ulcers responsible for
greater than 80% of the cases. Luminal narrowing usually
results from the combined changes of chronic and acute
inflammation and ulceration. These patients commonly
have a long history of peptiC ulcer disease and recurrent
peptiC ulcers. It is unusual for gastric outlet obstruction
to be the presenting complaint in a patient without a
history of peptic ulcer disease. In such an instance, other
possibilities, particularly malignancy, should be strongly
considered.

The most common presenting symptoms are vomit­
ing, abdominal pain, and upper abdominal distention.
Less prominent findings include weight loss and anorexia.

Distention of the stomach in patients with chronic
peptic ulcer disease is a gradual process in which symp­
toms can be present for several months or years before
diagnosis. As a result, the size of the stomach, when seen
on plain films of the abdomen, can be surprisingly large.
Over time, the capability of the stomach to distend is
remarkable (Fig. 24). It may appear on plain films as
a huge, confusing, mottled, soft tissue mass in the upper
abdomen. At other times, the amount of distention can
be less, and a discernible dilated sromach can be iden­
tified. The mottled appearance of the dilated stomach
is the result of the accumulation of secretions and the
residue of numerous meals (Fig. 2-5). There may be
diminished gas distally, although complete obstruction
is unusual, and air is generally seen in the small bowel
and colon. These organs rna,\, have. a normal appe.arance
except for depression of the transverse colon. Upright
fLi.ms show an air-fluid level within the stomach. In
general, the presence of significant outlet obstruction
with a huge distended stomach is almost aJways benign.



•
2-4 A large, air-filled sLOmach occupying the entire

:1bdomcn and displacing air-filled loops of bowel laterally
"morly represents a grossly distended stomach resulting

drronic peptic ulcer disease.

........ presence of an air-fluid level within the duodenum
pful in distinguishing between pyloric and duode­

[ruction.
Pbin films are often diagnostic, and barium studies

be undertaken, not to confIrm outlet obstruction but
to attempt to identify the site (duodenal or gastric)

the nature of the obstructing process (Fig. 2-6). Gastric
tion and delayed flow into the small bowel are the
r fmdings. Ulcers mayor may not be seen. Residual
generdlly limitS the examination. The contrast agent

choice in the absence of free intraperitoneal air is
~um. TI,e large amOlmt of residu3l fluid within the stom­

ld1 of most of these patients, along with the propensity for
~uent vomiting, makes the use of water-soluble contraSt
~erial relatively contraindicated.

Other Inflammatory causes
Crob,,'s Disease
In various studies, gastric involvement with Crohn's

e has been identified in 0.5% to 10% of patients.
The classic pattern of severe gastric involvement with
Crahn's disease is a narrowed (rant's born stomach),
ngid stomach (Fig. 2-7). Rarely, involvement of the distal
mtnlffi, in particular the pyloric channel, can result in
gastric obstruction. TIle disease almost always manifests
3t the same time as involvement of other parts of the
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Figure 2-5 A large, mottled mass occupying the entire upper
abdomen and displacing air-filled loops of bowel l;tterally and
inferiorly represents a grossly distended stomach filled with food
debris and secretions.

Figure 2-6 UGI examination in a patient presenting with
chron.ic abdominal pain and distention shows a grossly distended
stomach with ulceration in the pyloric channel (arrow) and the
duodenal bulb.
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Figure 2-7 UGl examination shows a contracted stomach and
a gastrojejunostomy. There is also fold thickening and narrowing
of the efferent loop below the anastomosis (arrow). All the
observed inflammatory changes in the stomach and adjacent small
bowel are due to Crohn's disease.

intestinal tract, especially the ileum. In the stomach,
the distal stomach seems to be more commonly involved,
and the radiological findings are similar to the findings
seen in the usual sites of involvement. Thi~ includes
granulomatous inflammation with superficial or Unear
ulcerations.

Pancreatitis
Patients with severe pancreatitis may present with

degrees of gastric outlet obstruction. This obstnlction
is generally secondary to contiguous involvement of the
adjacent stnlCtures with the inflammatory changes. In the
stomach, wall thickening, edema, and spasm can lead to
luminal compromise.

Corrosive Ingestion
Patients ingesting corrosive materials, particularly

acids, can present with severe inflammatory changes in
the distal antrum, especially along the lesser curvature,
and luminal stricturing can occur acutely or chronically.
The radiological features of such a lesion may be indis­
tinguishable from malignancy, Rarely it can lead to outlet
obstruction.

Other Causes
Other unusual inflammatory causes of gastric outlet

obstruction include radiation gastritis, tuberculosis,
and syphilis. The changing pattern of disease prevalence
and the more recent increased incidence of both of
these latter diseases in the population conceivably
could result in an increased incidence of gastric involve­
metH. Because modern treatment regimens usually
limit the severity of these diseases commonly seen in
previous decades, the number of cases with severe

involvement of the stomach and potential gastric outler
obstruction probably will not increase and will remain
extremely rare.

Malignancy
Carcinoma, especially of the scirrhous variety, involving

the antnlffi or pyloric region commonly results in gastric
outlet obstnlction (Fig. 2-8). In addition, carcinoma of
the head of the pancreas with adjacent spread involving
the gastric antnlffi can compromise gastric outflow. These
two tumors are probably the most common causes of
gastric outlet obstfilction resulting from' neoplastic dis­
eases. Rarely, lymphoma can result in outlet obstnlction.
Lymphomas, especially non-Hodgkin's lymphomas, tend
to be pliable tumors, however, and infrequently cause
obstruction, even when the tumor traverses the pyloric
chalUlel and involves the duodenal bulb. Rarely a polypoid
mass involving the distal stomach and pyloric ChatUlei
can result in mechanical obstruction by the presence of
its sheer bulk in the most anatomically narrowed region
of the stomach.

Gastric Bezoars
Generally, gastric bezoars (Box 2-3) do not obstruct.

They may be asymptomatic for long periods (Fig. 2-9).
Occasionally, the bezoar may act as an occluding agent,
however, in a ball-valve type of obstructive process
within the stomach. Postgastrectomy patients are most
susceptible to bezoar formation and gastric distention.
Although a few patients may show degrees of outlet
obstnlction, distention of the stomach or gastric rem­
nant is often a result of the increasing size of the bezoar.

Figure 2-8 Ulcemling mass with a central barium collection
occupies the distal prepyloric region of the stomach resulting in
gastric outlet obstmction, The lesion was found to be adenocarci­
noma of the stomach,



50" 2-3 Epicurean Oddities:
Gastric Bezoars

:tObezoars, the most common type of bezoar,
re composed of vegetable matter, primarily fiber.

zoars result from the ingestion of hair.
cause chronic gastritis and occasionally early

ic:::ty. Phytobezoars are a complication of Rillroth II
astric resection.

t common bezoar encountered is the phytobe·
composed of fiber, plant matter, leaves, and roots.

are usually smaller and more compact than hair
- (trichobezoars). They also are more abrasive,

:...ile incidence of associated peptic ulcer is higher
phytobezoars. TIley are the most common type of

encountered after gastric surgery. Occasionally,
ac:zoar representing an overgrowth of fungi and yeast
tt-collntered in postoperative patients. The suscep­

: of postoperative patients to bezoar formation
;;r"'<lWlJy relates to the accomp::mying vagotomy and
.:II:=is-hed ability of the stomach to empr),.

- richobezoars, or hairbaUs, are the second most
only occurring gastric bezoar. They represent

'-.ungealed collection of hair enmeshed with mucus
~ • decaying food material. They are always black in
~ce and have a characteristic odor. They can be

mp£Omatic and can attain great size, with resultant

." ,
Egure 2-9 Gastric bezoar is shown in a stomach posLOperutivdy.

Stomach and Duodenum 53

gastric dilatation. Trichobezoars tend £0 be found in
younger female patients. Incidences are higher in insti­
tutionalized patients and patients with psychiatric
disturbances.

A type of bezoar commonly encountered in medical
literature is the persimmon bezoar. This bezoar is gener­
ally unrelated to gastriC surgery and is named for
the native American persimmon tree. The fruit of the
persimmon tree, although possessing little fiber, has
considerable pulp quantity. Unripe persimmon fnlit has
a well·known astringent property. The interaction of
the astringent and the stomach acid results in a coagu­
hill} or gelatinous pulpy mass within the stomach and
occasionally results in acute gastric outlet obstnlCtion.
Other uncommon types of bezoars that have been
reported include food bezoars, representing variations
of phytobezoars. Some cases of bezoar formation in
the stomach relating £0 the ingestion of vegetable fiber
powder and psyllium have been reported. These cases
no doubt are related to postoperative patients, abnormal
gastric emptying, and inadequate amounts of fluids
ingested with the vegetable powders.

Foreign body bezoars, although previously uncommon
and seen almost exclusively in children or emotionally
disturbed individuals, are being brought to the public's
notice as individuals attempting to smuggle illegal drugs
into the United States have discovered new and lucrative
uses for condoms. In such individuals, however, the prob­
lem of gastric outlet obstnlction fades into insignificUlce
in the light of the relatively high incidence of condom
leakage or ruprure.

Antral Diaphragms
Antral diaphragms are thin, well-defined, symmetrical

mucosal webs seen in the distal portion of the antrum,
compromising the antral lumen to varying degrees. Many
authors believe they are congenital because of the lack
of histological evidence of scarring in some patients. The
origins of the antral web or diaphragm remain unclear,
however. Not all antral diaphragms are congenital in
nature. TIle history of chronic peptic infl;:unmatory disease
in many of dlese patients seriously suggests the pOSSibility
that some of these antral diaphragms may be narrowed,
well-defined bands of scarring. The circumferential healing
of gastric ulcers is well known.

Most antral diaphragms are not associated with
obstruction. When the lumen is sufficiently compro­
mised, however, degrees of gastric obstmction may be
encountered. Generally, luminal narrowing of 1.5 cm or
less is symptomatic. Careful fluoroscopic evaluation of
the motility through this region and the use of a 12.5-mm
barium tablet are helpful in establishing the degree of
lwninal compromise.

Fluoroscopically, antral diaphragms must be shown as
fixed, weblike areas of narrowing in the antral portion of
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Figure 2·10 UGI study shows a thin, incomplete, weblike
structure in the antrum of the stomach represeming an antral web
(arrows).

the stomach (Fig. 2-10). TI,e degree of circumferential
involvement mayor may not be complete.

Pyloric Stenosis
In an adult, pyloric stenosis is a confusing and rare

entity. Whether it represents a true congenital pyloriC
stenosis or is an unusual sequela of peptiC inflammatory
disease is unclear. Most patients with the radiological
rmdings of adult hypertrophic pyloric stenosis have
concomitant peptic inflammatory disease and are men.
Presentation with significant gastric outlet obstnlCtion is
unusual. The radiological findings have been described
as mass effect in the pyloric region with an elongated
pyloric channel measuring two to three times its normal
length. A bulging mass in the base of the duodenum or
antrum is commonly seen with this process (Fig. 2-11).
This condition should not be confused with pl'Olapsed
gastric Inucosa, which is a transient finding in
patients with antral gastritis (Fig. 2- I 2). Prolapsing
gastric mucosa is rarely, if ever, associated with gastric
outlet obstnlction.

Figure 2-11 UGI examination in a patient with gastric outlet
obstruction shows mass cffcct in the pyloric region witll elongated
pyloric channel and possible ulceration along the course of the
channeL

A few patients show a small triangular outpouching of
the antrum along the greater curvattrre, JUSt proximal
to the pyloric channel, caUed "Twining's recess." This
outpouching represents a protrusion of mucosa between
the hypertrophied circular torus muscles of the distal
antrum. Twining'S recess has been frequently associated
with adult hypertrophic pyloric stenosis.

Gastric Volvulus
Gastric volvulus is an unusual condition in which

the stomach undergoes a torsion abnormality as a result
of twisting on itself. This twisting can occur around
the luminal a.xis of the stomach (organoaxial) or around
its mesentery on a plane perpendicular to its luminal axis
(mesenteroaxial). These configurations almost always
occur as a result of large hiatal hernias with migration
of a large amolmt, if not all, of the stomach into an
intrathoracic location (Fig. 2-13).



Figure 2-12 Gastric folds (arrows) prolapsed into base of
mucosa. This occurs only with antral gastritis. Note thickened
~:Hfal folds (arrowhead).
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processes resulting in a gastric outlet obstruction is peptic
ulcer disease. Severe pancreatitis and pseudocysts with
secondary involvement of the duodenum can also result
in obstruction. In addition, pancreatic malignancy com­
monly invades the duodenum. Primary duodenal malig­
nancy is rare, but does commonJy present as obstruction
with gastric distention. Other processes, such as lym­
phonIa, duodenal adenoma, annular pancreas (Fig. 2-1;),
superior mesenteric artery syndrome, and intraluminal
diverticulum, can also result in obstruction. These enti­
ties are covered in more detail in the duodenal section of
this chapter.

Bouveret's Syndrome
The potential of erosion of gallstones into the gastro­

intestinal tract is well known. Most commonly, the erosion
is into the duodenum, setting up the scenario of the
so-called gallstone ileus, which is a mechanical obstruction
(if the stone is large enough) in the most narrow part of
the small bowel, the distal ileunl. Occasionally, the stone
may erode into the hepatic flexure of the colon.
Even more rare is gallstone erosion into the distal stom­
ach and obstruction at the pylOlic channel and gastric
outlet obstruction. This condition was first described
by a French physician, Bouveret, in 1896 and bears
his 11ame.

Figure 2-13 Patient with virtually the entire stomach in an
intrathoracic position. There is an organoaxial configuration,
although the stomach is not obstructed at this time.

Unless the degree of torsion is significant enough to
result in luminal obstnlction, these patients exhibit few
symptoms. When obstruction does occur, it becomes
a surgical emergency as a result of compromise of the
blood supply (Fig. 2-14). Patients present with severe
upper abdominal pain, severe chest pain, constant
vomiting, and obstructive interference in attempts to
pass a nasogastric tube.

Plain films of the abdomen and chest reveal findings
rypical of dilated air-f1l1ed proximal segments of the
stomach either in the chest or in the upper abdomen.
Barium studies show the abnormal positioning of the
stomach as a result of the torsion abnonnality. Attempts
_hould be made to identify the relative positions of the
lesser and greater curvature.

Duodenal Obstruction Resulting
in Gastric Distention

Gastric distention and impaired outflow resulting from
obstructive disease in the proximal duodenum are prob­
ably more common than those resulting from primary
gastric disease. The most common of the duodenal

- ~.-

f
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A B
Figure 2-14 A, Upright chest ftlm in a patient with gastric volvulus and obstruction shows volvulus
to be under the diaphragm. B, Organoa..xial volvulus of the stomach. Axial cr shows obstructed
stomach (arrows) and torsion abnormality (Cll'l'owheClds).

Gastric Atony without Obstruction

Neuromuscular Abnormalities
In scleroderma (progressive systemic sclerosis),

the entire bowel can be involved with the neuromus·
cular degenerative processes, resulting in diminished
gut motility and subsequent stasis. As a result, it is possi.
ble for gastric distention to be observed in some of these
patients. More conullonly, distention of the esophagus,
colon, and duodenum is encountered.

Figure 2·15 Incidelllal ftnding of annular pancreas in a patient
with dilated r.;ommon bile duct.

Chronic Idiopathic Intestinal
Pseudoobstruction
For similar reasons thought to relate to diffuse neuro­

muscular dysfunction throughout the gut, chronic
idiopathic intestinal pseudoobstnlction also can result
in abnormal gut motility, stasis, and distended portions
of the gut. Although the small bowel and colon would
predominate in this disorder, a few patients may mani­
fest gastric distention as well.

Central Nervous System and
Electrolyte Abnormalities
Patients with more central neurological abnormalities,

such as tabes dorsalis or bulbar poliomyelitiS, may develop
degrees of gastric distention. Significant electrolyte and
acid-base imbalances conunonly can produce a transient
distention of the colon and stomach with the impairment
of contractility of the smoodl muscle of the gut, probably
secondary to hypokalemia.

Drug-Induced Atony
Gastric atony also can be drug induced and is often

associated with atropine~likeanticholinergic medications.
Elderly ,md bedridden patients are panicl~arlysusceptible
to drug-induced gastric atony_ The use of glucagon [""Mely
may induce acute gastric atony. This condition has been
reported in a few patients receiving glucagon for routine
VCl examinations. Patients with diabetes mellitus and
significant degrees of diabetic peripheral neuropathy may
manifest prominent gastric atony as a result ofdiminlshed
neuromuscular function.



Agonal Atony
Acute massive gastric distention can be seen on

abdominal radiographs of patients who are dying.
The presence of this fmding canies a bleak prognosis
for survival beyond the next 48 hours. The exact cause
of this finding is unclear. It may relate to severe and
irreversible electrolyte imbalance or may be associated
"With major cardiovascular collapse. These patients
are severely ill and are almost always unconscious.
Ginieal findings are limited to a distended tympanic
upper abdomen. Nasogastric decompression does not
alter the outcome. The radiological finding is a reflection
of catastrophic systemic events that are occurring
.;;;imultaneously.

Other Considerations
Another diagnostic consideration when one is faced

uith the radiological finding of gastric atony is aero­
phagia, which is not an unusual occurrence in patients
undergoing acute severe emotional stress. Patients who
have recently ingested large amounts of carbonated
drinks may show gas in a distended stomach on plain
films of the abdomen. The gas also should be well dis­
uibured throughout the remainder of the gut, however.
Other consjderations include porphyria and lead poi­
- ning, both of which can result in degrees of gastric
distention. In addition, degrees of gastric atony may be
encountered in pregnant patients.

In patients with severe spinal deformity, chronic gasttic
distention has been described. The exact cause is not
dear.

Contracted or Narrowed Stomach

A contracted, narrow stomach (Box 2-4) historically
has been referred to as the "linitis plastica (leather bottle)
sromach." This name generally implies that all or a large
part of the stomach is involved by the pathological

~ ~ ~ ~ -

Box 2-4 Case of the Tapering TuJje: -
The Contracted or - - - .
Narrowed Stomach- .

Carcinoma, scirrholls type
~·1etastatic disease (especially breast and lung)

Chronic gastritis
Corrosive gastritis
Crohn's disease (ram's horn sign)
Zollinger-Ellison syndrome
Eosinophilic gastritiS
Radiation
Sarcoidosis
Syphilis
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Figure 2-16 Gastric carcinoma involving the distal half of the
stomach with narrOWing, irregulariry, and rigidity as a result of the
desmoplastic changes induced by the neoplasm.

process, which results in a rigid, narrowed, contracted
lumen. When not all of the stomach is involved, the
proximal portion of the stomach is generally spared.

The problem of a contracted, narrowed stomach
gives rise to the consideration of diffuse inftltrative
changes in which the normal pliability and peristaltic
activity of the stomach wall are impaired or absent.
Any process that can excite a desmoplastic or fibrotic
reaction within the gastric tissues, whether it be neo­
plastic or inflammatory in nature, can result in such a
radiological appearance.

Scirrhous Carcinoma
The original description of the linitis plastica stomach

was associated with an intlltrating scirrholls (desmo­
plastic) type of primary malignancy of the stomach.
Although there are varied presentations of gastric carci­
noma, the most common seems to be focal gastric wall
thickening with or without ulceration. Diffuse infiltra­
tive wall thickening, which results in a contracted,
narrow stomach, is common, however, and generally
has been identified in patients with less differentiated
tumors and pooter prognoses (Fig. 2-16). There is also
some evidence to suggest that this form may be more
common in younger patients (Fig. 2-17).

The mortality rate and incidence of gastric cancer has
declined steadily in the United States since the 1940s.
Environmental factors that have been inlplicated in an
increased incidence of gastric carcinoma in some parts
of the world include an increase in salt consumption and
an increase in ingestion of smoked meat and fish products
and nitrosamines. There is a questionable increase in the
incidence of gastric cancer in patients on long-term cime­
tidine therapy and in patients with chronic Helicobacter
pylori gastritis. An unusual subset of H. pylori that may
lead to achlorhydric states, atrophic gastritis, and



58 GASTROINTESTINAL IMAGING: THE REQUISITES

A B
Figure 2-17 Linitis plastica, A, Patient presents with abdominal pain and weight loss. UCI shows
irregularity and rigidity of stomach wall along greater curve (a.rrows). Patient refused treatment.
B, Follow-up examination 11 months later discloses progression of the disease and typical appear­
ance of linitis plastica with narrowing and rigidity of almost dIe entire stomach.

increased risk for gastric cancer has been described.
Because of this subset, the World Health Organization
designated H. pylori a type I carcinogen in the mid­
1990s. Traditionally, precancerous conditions included
penlicious anemia, chronjc atrophic gastritis (which
may be a reflection of chronic H. pylori infection),
gastric adenomas, and possibly long-term postgastrec­
tomy patients. Genetic disposition also is thought to
account for approximately a third of all gastric cancers.
First-degree rdatives of index cases have a higher than
normal risk for the disease. This risk is a part of the poly­
posis syndromes, which carry a higher risk of stomach
cancer and a well-known risk of colon cancer. Patients
with hereditary nonpolyposis colorectal cancer have an
approximately 10% increased risk of gastric cancer.

The infiltrative form of gastric carcinoma results in
diffuse thickening and rigidity of the stomach wall. The
involved stomach has a tubular appearance, and a normal
fold pattern is not discernible. At fluoroscopy, no peri­
staltic activity can be detected in the involved area. The
infiltrating process usually starts in the pyloric antral
region and extends proximally. It is unusual for the Ulmor
to cross the pyloric channel into the duodenum.

Barium studies reveal the expected narrow, tubular,
rigid, aperistaltic appearance of the involved portion of
the stomach. Ulcerdtions may be present. A fold pattenl
is either absent or clearly abnormal. Multitrack CT is
particularly helpful in the evaluation of gastric carcinoma
and shows extension beyond the gastlic wall and involve­
ment of the adjacent perigastric, peripancreatic, and
retroperitoneal lymph nodes, in addition to aiding in the
evaluation of liver metastatic lesions (Fig. 2-18).

Metastatic Disease
Metastatic lesions of the stomach have a varied appear­

ance. A common appearance is diffuse inftltrative scirrhous
involvement of the stomach, which is indistinguishable
from primary scirrhous carcinoma. The two major primary
sites that result in infliltrative spread in the stomach
are breast and lung. Metastatic disease from the breast
involving the stomach has been described in 10% to
15% of patients. In more than half of these patients, the
appearance of gastric involvement is of linitis plastica.

Involvement of the stomach by carcinoma of the pan­
creas as a result of contiguous spread, especially when it
involves the distal stomach, also can give an appearance



Figure 2-18 Axial computed tomographic scan through the distal
sromach shows marked focal wall thickening (arrows) as a result
of lymphomatous inftltration of the stomach.

of a narrow, rigid antnlm. These changes are usually
regional and are not widespread throughout the stomach,
such as may be found in the primary or secondary
hematogenous scirrhous lesions of the stomach.

Corrosive Gastritis
Patients who ingest strong corrosive materials, such

as alkaline caustic agents, tend to have more esophageal
damage than stomach damage. The ingestion of strong
adds seems to involve the stomach to a greater extent;
dtis is panicularly true in the distal antnun and along
me lesser curvature. The antrum and body can be
involved circumferentially, however, giving a narrowed,
rigid appearance. This involvement can be seen in the
acute and chronic stages, with accompanying ulceration
and mass effect. After healing, permanent stricnlring and
rigidity of the distal stomach are common findings,
indistinguishable from infJ1trating gastric carcinoma.

Extrinsic Compression of the Stomach
A retrogastric or retroperitoneal process causing

sufficient compression or invasion of the stomach to
result in a narrowed or contrdcted stomach is unusual.
.\ large retroperitoneal tumor, such as leiomyosarcoma
0.1' liposarcoma, could result in such an appearance,
however. 'In addition, significant splenomegaly asso­
ciated with hepatomegaly could compress the stomach
sufficiently to give a narrowed appearance (Fig. 2-19).
_" large left upper quadrant mass, such as a subphrenic
abscess, could result in a similar appearance, with the
gastric spasm resulting from adjacent inflammation.
_\. large pancreatic mass, such as a pseudocyst, can com­
press the stomach posteriorly and give the impression
of a narrowed lunlen (Fig. 2·20). Other pancreatic

-ions that could result in such an appearance include
Ilonfunctioning islet cell tumors of the pancreas,
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Figure 2·19 Patient with massive hepatosplenomegaly. Central
compression of air-ftI1ed stomach is secn on plain mm of dlC

abdomen.

Figure 2-20 UGI examination shows large extrinsic impression
on the fundus and proximal body of the stomach from huge
pancreatiC pseudocyst.
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whidl can grow to great size; acute or chronic pancreatitis;
and cystadenomas of the pancreas.

Lymphoma
Although the conunon appearance of lymphoma is

generally wall thickening, mass effect, and ulceration,
the occasional lymphomatous lesion of the stomach
can be diffusely infiltrative and result in a severe desmo­
plastic reaction so that the Gldiological appearance is
identical to that of scirrhous adenocarcinoma (Fig. 2-21).
This appearance is seen especially in Hodgkin's-type
lesions. Computed tomographic scatuling for lymphoma
has become the imaging mainstay for this lesion and
is particularly useful for evaluation of wall thickening,
perigastric nodal disease, and liver, spleen, and renal
involvement (Fig. 2-22). There is some evidence that
intrdluminal endoscopic ultrasound may be more sensitive
in detecting intramurdl and perigastric disease.

Crohn's Disease
Severe involvement of the stomach with Crohn's

disease causing narrowing and rigidity of the stomach
is unusual. The classic appearmce of the narrow distal
stomach and widened Donnal proximal stomach has
given rise to the historical description of the "'ram's hom"
stomach of Crohn's disease. ll1.is stenotic involvement
of severe disease in the distal stomach mayor may not
result in gastric outlet obstruction. The presence of Crahn's
disease in the stomach is almost always associated with

Figure 2-21 UGI examination in a patient with Hodgkin's
disease of the stomach. Note the marked narrowing and irregularity
of the distal stomach.

involvement of the small bowel or colon. Involvement
of the stomach in patients with Crohn's disease should
be differentiated from H. pylori-negative peptiC ulcer
disease, which has been shown to be inc.reased in
patients with proximal Crohn's disease. Proximal disease
also is thought to present earlier than distal disease with
UG1-rype symptoms.

A B
Figure 2-22 A, Large nonobstructing gastric lymphoma involving distal stomach. B, S:unc patiem.
A.-....:.ial cr reveals significant amount of extragastric disease.



Zollingcr-Ellison Syndromc
ZOllinger-Ellison syndrome results from the presence
2 non-beta islet cell (gastrinoma) tumor of the head
me pancreas or (less commonly) ectopic pancreatic

e in the proximal duodenum that continuously
tcs gastrin. Thc high levcls of thjs hormonc rcsult

:m increased stimulus of the gastric parietal cells to
and secrete hydrochloric acid, resulting in marked

!rq>eracidiry of the stomach and proximal small boweL
!be severe inflammatory changes involving the stomach
~ usually manifested by multiple ulcerations, thickened

. and hypersecretion. The presence of chronic
-fbOlmation throughout the stomach, particularly in

distal stomach, can result in a narrowed, contracted
>ppcarance. Additional radiological findings that may

"-' est the diagnosis include prOXimal small bowel
lllcemtions and history of recurrent intractable ulcer

Of the islet ceU lesions, 50% are malignant, with
~static disease present within the liver at the time

. presentation. Abollt a third of patients with Zollinger·
n syndrome fall within the multiple endocrine

neoplasia rype 1 syndrome, also known as Wenner's
-"'"indrome. In addition, the primary neoplasms are often

I (most <2 em), and many of these were not
ectable on routine computed tomographic scanning
til more recently. Advances in multiple-track detectors

multitrack en and better and more efficient imaging in
:IX: arterial phase have resulted in improved detection

CT. In generaJ, the larger the gastrinoma, the more
ely it is to have metastasized to the liver. In approxi­
tely 60% of cases, the lesions are multiple. The lesions

may be detected on angiographjc studies of the
rancreaticoduodenal region as a result of their hyper­

larity. This same vascularity is malting multitrack
cr more efficient, however, to the point that angio­

phic snldies are expected to diminish as a diagnostic
I in the workup of these patients in the funlre.

\.dditionaJly, since it was discovered that gastrinomas
. - ess somatostatin receptor Sites, radiolabeled somato­

tin for the detection of gastrinoma (Fig. 2-23) has
:ren used as a cellular target-specific substance to iden­
~ the lesion on nuclear studies. TIle method has shown

-itiviry in detection of gastrinomas exceeding 75%.
method also holds out the hope of being able to lIse

same approach for delivering therapeutic agents to
same site on the nlmor at some pOint in the future.

the past, the procedure of choice was to remove the
anire target organ, which is represented by the parietal
dl-containing portions of the stomach. As pharmaceu­

0C:al advances in gastric acid suppression have occurred,
... wever, the number of gastric surgeries has decreased,
..and surgical management has been directed to the resec-

of the gastrinoma, if possible.
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Figure 2-23 Indium-lll octreotide (somatostatin) images.
A 55-year-old woman with a several-month history of abdominal
pain and recent weight loss. uboratory sntdics were suggestive
of gastrinoma. After a 6-mCi dose of indium-J II pcntclrcotide,
4-hour and 24-hour delayed planar images were obtained. Primary
lesion shows primary gastrinoma in pancreas (arrow) and gastri·
noma liver metastatic lesion (arrowhead).

Eosinophilic Gastritis
Eosinophilic inftltration of the muscular layers of the

distal stomach can result in a narrowed, contracted antrum
and body (Fig. 2-24). TI,C appearance can be similar to
that of malignancy. Patients usually havc an associated
peripheral eosinophilia and a history of food allcrgies.
The infIltration can result in erosions, ulceration, and
subsequent anemia. Affected patients also may show
elevated IgE levels. Proximal small bowel involvement
may be present, although isolated gastric involvement is
not unusual. TI,e disorder usually responds well to daily
doses of steroids.

Radiation Injury
A narrowed, contracted stomach may be the sequela

of radiation injury to the stomach. Radiation doses greater
than 5000 cGy involving the stomach result in an acute
inflammatory response, with resultant healing that may
include ulceration and extensive fibrosis.

Sarcoidosis
Although involvement of the gastrointestinal tidct

in sarcoidosis is unusual, dle stomadl is the most com­
monly affected site. Often, paticnts are asymptomatic.
In chronic severe involvement, the possibility of contr"dC·
ture and narrowing of the stomach increases (Fig. 2-25),
and it may be indistinguishable from lininls plastica,
gastric tuberculosis, Crohn's disease, or secondary
syphilis.



62 GASTROINTESTINAL IMAGING: THE ImQUISITES

Figure 2~24 UGI study in patient with eosinophilic gastro­
enteritis shows a contracted and rigid stomach with some irregu­
larity along the greater curvarure. TIle fmdings could easily be
interpreted as malignant infiltration.

Figure 2-25 UGI study in patient with diffuse involvement of
the sLOmach with sarcoidosis, resulting in a tubular, narrowed
stomach.

Hepatic Artery Infusion Chemotherapy
The increasing use of hepatic artery infusion of

chemotherapeutic and cytotoxic agents has resulted in
increased incidence of resultant inflammatory changes
within the stomach. Despite attempts to control the flow
of the chemotherapeutic agents and to reduce deleterious
flow to the stomach, the vascular arterial anatomy in
the region of the celiac axis can be quite variable, a.od
occasionally some of the agent is delivered to the gastric
wall, with resultant marked inflammatory changes. The
inflammatory changes tend to regress with the termina­
tion of the therapy.

Phlegmonous Gastritis
Phlegmonous gastritis, although common in the early

part of the 20th century; is rare today. It is a suppurative
bacterial infection and invasion of the stomach that
results in marked thickening of the stomach wall
and mucosa. Most reported cases are associated with
alpha-hemolytic streptococci, although other organisms,
including staphylococci, pneumococci, and some of the
more common gram-negative organisms, also have been
shown to be involved. Often, when there is associated
emphysematous gastritis, clostridial organisms or gram­
negative bacteria have been implicated. Ulceration and
instrumentation can also result in intramural air in the
stomach wall (Fig. 2-26). The exact underlying cause of
thjs condition is uncle-ar, although many causes have been
suggested, including ischemia, ulceration, gastric malig­
nancy, ;md ingestion of corrosive material or large amounts
of concentrated alcohol. The treatment consists of

Figure 2-26 Air in gastric wall.



us antibiotic therapy and prompt surgical inter­
n; the mortality approaches 60% when treated

..,prc~riately.

Tuberculosis
In\.-olvemellt of the stomach with tuberculosis is

but can occur, panicularly in tbe pyloric antral
\Vall thickening, rigidity, and a contracted lumen

be seen.

-~l'hilis

In-olvement of the stomach with syphilis is rare,
ugh this manifestation is seen occasionally.
ement may be identical to that of peptic ulcer

..,"""" with erosive changes, ulceration, and thickened
~_ Additionally, a contracted, narrowed, deformed

ch has been described in chronic involvement.

Thickened Gastric Folds

In the normal, adequately distended stomach, the
.r in the fundal region usually measure approximately
em or less in thickness. As they descend toward

body and antrum of the stomach, the folds become
ingly narrow and ribbon-like, until the prepyloric

folds are found to be 5 mm or less in diameter. The
should be symmetrical without nodularity, focal

-ening, or areas of discontinuity. The fold pattern
::< rbe region of the gastric cardia and along the greater

.....ture of the body can be complex and at times difficl~t

e'\-aluate.

Focal Thickening
Peptic Gast.-itis
Peptic gastritis can present as Widespread diffuse

'ening of the gastric folds, although the much more
on presentation is fold thickening in the antrum

.-l possibly the distal body (Fig. 2-27). The folds can be
ular. There mayor may not be ulceration or evidence

-oosions. Folds that are beaded in appearance generally
small erosions along their course (Fig. 2-28). The

~g process is secondary to the focal edematous
ges around the erosions. These erosions commonly

. be seen on double-contrast study. Meticulous attention
detail and use of flow technique often show the

_ -ions (Fig. 2-29). When the involvement is dtroughout
stomach, some consideration should be given to

-tJIIinger-Ellison syndrome, particularly if there is duodenal
proximal small bowel involvement (Fig. 2-30).

A.spirin-Induced and N01zsteroidai
.lntii'!flammatory Drug-Induced Gast.-itis
The increasing use of aspirin and the availability

\'er-dle-collllter nonsteroidal antiinflanunatory dnlgs
o\.lDs) are expected to increase the frequency of
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Figure 2-27 Spot film from gastric antrum shows transverse
thickened gastric folds representing peptic gastritis. A tiny shallow
ulcer is seen along the greater curvarurc (anuw).

aspirin·induced and NSAID-induced gastritis (Fig. 2-31).
These changes tend to be localized in the antral and
body region, although diffuse involvement is possible.
Although most of the damage caused by these drugs
relates to local mucosal irritation and erosions, the
process seems to be more complicated. Alterations, as a
result of aspirin-induced changes in the gastric mucosal
barrier, have been described, along with loss of blood
across the barrier unrelated to ulcer or erosion fonna­
tion. There also seem to be higher incidences of peptiC
mucosal erosions and ulcer disease. Patients with
chronic rheumatic disease taking significant doses of
aspirin have a 50% increased incidence of gastric ero­
sions and a 20% increase in gastric ulcers (Fig. 2·32).
The use of enteric-coated forms of aspirin is helpful in
dealing with the local and erosive effects. It probably
has little impact, however, on the systemic effect of the
drug on the stomach wall. Aside from the emergence
of H. pyI01'/ as the major factor in the development of
gastritis and peptic ulcer disease, NSAIDs and aspirin
are probably the next most important factor. Of patients
routinely taking over-the-counter NSAIDs, 2% to 4%
experience bleeding from silent gastriC erosions. If one
coosiders the availability of over-the-counter NSAIDs
and the mUlions of individuals who routinely use them
in the United States, this probably accounts for many
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Figure 2-28 Spot film from the gastric antnun and duodenum
shows thickened, beaded appearance of the folds in the gastric
antrum, almost always associated with tiny erosions along dle folds.

Figure 2-30 Patient with Zollinger-Ellison syndrome shows
abnonnalities of the stomach in UGI study with diffuse fold
thickening, hypersecretion, and multiple small ulcers.

A B
Figure 2-29 A, Prominent thickened antral folds in a patient with antral gastritis. B, Axial cr in
this patient shows thickened antral wall secondary to inflammation.



2-31 Patiem taking high doses of NSAlDs complained of
.-......wnal pain. VGI study shows transverse thickened folds in the

of the stomach.

2-32 VGI study in patient with abdominal pain and
-=rrling being treated with high doses ofaspirin for arthritic disease.

.In:a of mass, wjth irregularity and ulceration, is seen along tlle
curvamre of the stomach (arrow). The ulcer docs not project

d the confines and is extremely suspicious. The biopsy
~en was entirely benign. TIle patient improved rapidly with

wal of the medication.
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of the Hemoccult-positive patients worked up for
colorectal cancer who turn out to have false-positive
Hemoccult tests.

Corrosive Gastritis
Ingestion of acid·corrosive materials can give rise to

focal inflammatory changes within the distal stomach.
The appearance can vary, but focal fold thickening is
one manifestation. This condition is often associated
with ulceration.

Hypertrophic Gastl"itis
Hypertrophic gastritis is thought to represent a

widening of the folds secondary to mucosal hyperplastic
changes of the epithelial cells (Fig. 2-33). The calise and
prevalence of this entity are controversial, and the
changes are thought to relate to chronic inflammation.
It may be focal or diffuse and tends to be chronic in
nature. In a patient with thickened gastric folds, possibly
associated with hyperacidity and without a significant
history of alcohol ingestion, hypertrophic gastritis is a
differential consideration. Other types of gastritis can
present with focal thickening of the fold pattern and
include entities such as herpetic gastritis and gastric
candidiasis.

Figure 2-33 VGI study in patient with history of chronic
abdominal pain shows diffuse fold thickening throughout the
stomach. Biopsy specimen showed epithelial hyperplastic changes
of hypertrophiC gastritis.
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Helicobacter Gastritis
In the early 1980s, researchers in Australia isolated

H. pylori from the stomach and suggested the possibility
of a relationship among the bacteria, gastritiS, and peptic
ulcer disease. Since then, the literature has abounded
with additional research regarding the role of H. pylori
in an array of gastrointestinal diseases. The isolation of
the bacteria and the exploration of its potential role in
the pathogenesis of disease have been among the most
important developments in gastroenterology in the past
2 decades. Today, there is general consensus that
H. pylori is linked etiologically to the development of
certain types of gastritis and most peptic ulcer disease.
The inoculation of volunteers' stomachs with the organ­
ism and the subsequent development of mucosal inflam­
mation and the resolution of disease after the eradication
of the organism have provided fundamental scientific
evidence of the etiological relationship. Some interesting
questions remain, however. The prevalence of the
organism is widespread, and it can be found in the stom­
achs of many asymptomatic individuals. In most
instances, there may be evidence of some mucosal
inflammation, but only a few individuals develop sympto­
matic peptic ulcer disease. Although before the 1980s
the stomach was thought to be a sterile environment,
the presence of this organism in the human stomach has
been known since the early days of microbiology and
bacteriology in the late 19th century. In patients with
the organism in the stomach, there is no evidence of
bacterial proliferation or invasiveness common to most
bacterial infections. Is H. pylori the one and only issue in

peptic disease, or is it a major factor in a multifactorial
pathological process? It has been shown that the inci­
dence of gastroesophageal reflux disease increases with
the eradication ofH. pylori from the stomach: Could this
be a factor in the increasing incidence of Barrett's meta­
plasia and adenocarcinoma of the esophagus (see
Chapter 1)1 Despite fulfilling Koch's cliteria of being
a pathogen, there are still many puzzling questions
surrounding the oraganism.

How does H pylori cause mucosal damage? Research
in this area has suggested three possible mechanisms
(Box 2-5):

• Local tissue injuty. The bacteria produce several
toxins that may cause local mucosal damage. Among
these is urea, which is the basis for the current
breath test for the presence of the organism.

• Elevated gastrin levels with resultant increased
acid secretion. H. pylori may contribute to elevated
gastrin levels by interfering with the cellular
process that linlits the amount of gastrin being
produced. Although the research in this area has
been interesting, it is currently inconclusive and
contradictory because there is also evidence
that H. pylori decreases gastric acid.

Box 2-5 Helicobacter pylori: Theories
on Mechanisms of Mucosal
Tissue Damage

May cause focal tissue injury owing to bacteria­
produced toxins

May cause elevated gastrin levels and resultant increased
acid secretion

May cause local mucosal inflammation by increasi'ng
presence of white blooc! cells focally

• Focal mucosal immune response. H. pylori seems
to recnlit white blood cells to the mUCOl':ia, possibly
resulting in the inflammatory response.

H. pylori has been implicated in more than peptic
inflammatory disease. It is now considered an important
risk factor in the development of gastric carcinoma.
The organism is frequently seen with gastric carcinoma
and is most prevalent in geographical locations and
ethnic groups that have known high incidences of gastric
carcinoma. Some authors have suggested that harboring
the bacteria in the upper gut from an early age is an
important factor in determining the risk for malignancy.
As previously indicated, tlle World Health Organization
has designaled H. pylori as a class 1 carcinogen.

H. pylori also has been determined to be the cause of
the rare low-grade gastric mucosa-associated lymphojd
tissue lymphoma. 11 has been reported that the eradication
of the bacteria alone, without any other treatments, can
lead to regression of gastric mucosa-associated lymphoid
tissue lymphoma in most patients.

H. pylori can be diagnosed by a variety of means, of
which the gold standard is considered to be endoscopic
biopsy of the stomach. This diagnosis can be achieved
either by staging the specimen with Giemsa, silver, or
Genta stains to show the organism or by "rapid urease
tests," which indicate tlle presence of the bacteria through
color change when exposed to the biopsy specimen. The
diagnosis also can be made through serological testing or
the urea breath test. The latter is about 95% sensitive and
can be read in 10 to 30 minutes.

What is the role of radiology in the diagnosis of
H. pylori gastritis or ulcer disease? On the surface, the UGI
examination-even the high-quality, double-contrast
teclmique-seems to offer little and is of no value with
respect to the presence or absence of the bacteria. In the
ever-accelerating em of cost containment and capitated
health care, however, the UGI examination may make a
significant contribution to the diagnosis and treatment of
H. pylori disease of the stomach and duodenum. As men­
tioned earlier, the UGI examination cannot detect the
presence of the bacteria, but if quality double-contrast
imaging is undertaken, it is good in detecting erosive and



Box 2-6 Helicobacter pylori: What We
Know/What We Do Not Know

High incidence in gastric ulcers
low incidence in duodenal u1ccmtion
Does not invade gastric mucosa, is found in mucous

layer
fn.dication leads to improvement of symptoms
Infection of uninfected stomach results in inflammatory

disease
Some carriers of H. pylori arc asymptomatic
Eradication may lead to increased incidence of

gastroesophageal reflux disease
Detection can be by biopsy, blood serum test, or

breath tcst

8OIlerosive gastntts Enlarged gastric folds or nodular
aWls are a common finding on the double-contrast UGI
ao:unination. Although these findings cannot establish
::n.e absence or presence of H. pylori, the bacteria have
btt:n found in approximately 50% of patients with
enlarged folds (Box 2-6). The radiological examination

a place in a diagnostic algorithm that can prOVide
mective diagnosis and treatment of H. pylori infection
of me stomach in a less costly and less invasive manner
:hom an endoscopic survey on potential multitudes
-- patients. Thickened or nodular folds in the gastric

:J::rr.rum seem to be tht': best indicators of the possible
.,n:sence of H. pylori. A test for H. pylori can be under-
~en in such patients who have no symptoms or signs

:n:n might suggest malignancy. If positive, eradication
:x-:rapy can be started, and a repeat UGI examination

y be undertaken to assess for change. If folds have
~ed to normal, no further workup or treatment is
.:r:x1icared. If folds remain enlarged or are increasing in
5ize. endoscopy in indicated. In such an algorithm, much
:ri'"lIlement is possible. Nevertheless, the pott':ntial exists
fix considerable savings. The very low risk of carcinoma
.mel its decline with the erddication of the bacteria have
.. resulted in the need for widespread endoscopic
5Creening. Unless double-contldst UGI examinations
~ of consistently high quaHty, however, the resurgence
-: the lddiological examination as an important factor in
dx workup of H pylori will not occur. It may happen

sporadically in areas where gastrointestinallddiology
-.;, pIdcticed with consistent excellence. The lddiological
community would be well advised to note the excep­
:Jonal opportunity and act accordingly.

The most widely used treatment for the eradication of
.'l pylori consists of a bismuth-based triple therapy. This
6erapy usually consists of a 2-week course of colloidal

uth, metrOnidazole, and tetracycHne or amoxicillin
_ cessation of NSAIDs if possible.
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Figure 2-34 Patient with weight loss and decreased appetite.
Computed tomographic scan of upper abdomen shows focal
wall thickening along the greater curvature of the distal stomach
(arrows). Biopsy specimen showed adenocarcinoma of the
stomach.

Carcinoma
Irregular focal thickening is an unusual presentation

of carcinoma of the stomach (Fig. 2-34). The most com­
mon presentation tends to be a mass with ulceration.
Thickened irregular folds, usually limited to one portion
of the stomach and indistinguishable from gastric
lymphoma, are not a rare rmding, however, in gastric
carcinoma (Fig. 2-35).

Figure 2-35 UGI study in patient with abdominal pain and
weight loss shows some slight narrowing of the distal stomach
with thickened nodular folds through the area (arro'wheads).
Biopsy specimen confirmed the diagnosis of gastric carcinoma.
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Figure 2-36 Patient with diffuse lymphomatous involvement of
the stomach. Marked thickening and nodularity and distortion of
the folds throughout the distal two thirds of the stomach are seen.

Lymphoma
The most common presentation of lymphoma is a thick­

ened, distorted, nodular gastric fold pattern (Fig. 2-36).
This pattern mayor may not be associated with a mass
effect or ulceration. There may be a degree of residual
distensibility and pliability that may help distinguish lym­
phoma from carcinoma. The defmitive diagnosis requires
biopsy, however. Extension across the pyloric channel

into the duodenal bulb tends to be more common with
lymphoma than with carcinoma, although one should bear
in mind that lymphoma represents 5% or less of gastric
maHgnancies. In actuality, most lesions that cross the
pylorus are adenocarcinomas. Associated findings that
may be seen with lymphoma include extrinsic masses
associated with aggregates of lymphomatous nodes or
an enlarged spleen.

Pseudolymphollla
Lymphoreticular hyperplasia of the stomach

(pseudolymphoma or lymphoreticuJar gastritis) can
present with fUldings of focal fold thickening. These
benign lesions almost always have the radiological
appearance of malignancy, with most common findings
being mass and ulceration. Cases of infiltrative lesions
with associated focal fold thickening have been
reported, however. Anemia is a common finding, and
the average age of the patient is slighdy YOlUlger than
seen in gastric carcinoma.

Metastatic Disease
Metastatic disease presenting with foc;~ fold dlickening

is unusual but does occur (Fig. 2-37). Focal fold tllickening
may be seen in the early metastatic involvement of the
stomach with breast or lung lesions. Leukemic involve­
ment of the stomach may result in a focal or diffuse
thickelling of gastric folds. Direct contiguous spread of
carcinoma of the pancreas to the stomach also can pro­
duce a radiological pattern of focal gastriC fold thickening
along the greater CUlvature.

Figure 2-37 UGI examination in patient with history of breast cancer. There arc chronic changes
seen in the distal stomach. There is an area of focal fold thickening and nodularity (arrowheads);
however, that proved to be a focal metastatic lesion.



Crobn's Disease
Crohn's involvement of the stomach may manifest as
" rhickening in the antral region. Superficial erosions

may be detected.

Pancreatitis
3.. relatively common cause of fold thickening within

distal stomach relates to inflammatory disease in the
:ab:em pancreas. Folds along the greater curvature of

body and in the antnlm may be enlarged and nodular,
~ result of contiguous inflammatory changes. More
~ disease may result in more widespread gastric

ges (Fig. 2-38).

_llenetrier's disease
~Ienetrier's disease is a relatively rare condition of

.d"DQwn cause. It is characterized by prominence and
siry of the gastric mucosal fold pattern. At one time,

~ disease was thought to be an antral-sparing process,
ugh more recently degrees of antral involvement

~ been shown. The preponderance of changes seems
be in the proximal stomach, however. The process is

iated with increased protein loss from the stomach
diminished gastric acid production. The disease is

=>eraI.ly detected in individuals between 30 and 60 years
~~e and tends to be more common in men. Presenting

plaints include epigastric pain, anorexia, and weight
... The radiological pattern shows a large, tortuous fold

~em predominantly proximally and with sparing of the
ill in most cases. There also is some evidence of

~rsecretionwithin the stomach.

Gastric Varices
Gastric varices can readily cause apparent thickening

€I me gastric folds, particularly in the proximal fundal

~ 2-38 Infianunatory mass of acute pancreatic disease
~ing the posterior gastric wall (arrows).
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Figure 2-39 Patient with fundal gastriC varices. Area of focal
fold thickening and nodularity is seen. Note the smooth mucosal
surface over the affected area (arrowheads).

tegion of the stomach (Fig. 2-39). These are commonly
seen in association with significant portal hypertension
and in patients with splenic vein thrombosis. TIle radio­
logical fmdings usually are those of a smooth, thickened,
prOXimal fold pattern most prominent in the fundus, but
they can be seen more distally. Esophageal varices can be
shown by increasing the venous distention of the varices
through various techniques associated with patient posi­
tioning and respiration and usually are easily seen on CT
(Fig. 2-40). These techniques tend to be less useful in
gastric varices, and this is particularly the case in patients
with splenic vein thrombosis.

Eosillophilic Gastritis
The stomach is commonly involved in eosinophilic

gastritiS, a relatively rare disorder. The predilection seems
to be for the gastric antrum, although the entire stomach
may be involved. The disease results in eosinophilic
infIltrates of the mucosal and muscular layers of the
stomach. Radiological manifestations are generally those
of a thickened rugal fold pattern, predominantly distally.
Clinical features are nonspecific, and patients may present
with early satiety, nausea, or vomiting. Involvement of the
small bowel is helpful in making the diagnosis, and thick­
ened folds are shown in the proximal small bowel wall.
Isolated gastric involvement is relatively common, how­
ever. In patients with thickened gastric folds, small bowel
involvement, peripheral eosinophilia, abdominal pain,
history of food allergies, and no evidence of parasitic
gastrointestinal infestation, the diagnosis of eosinophilic
gastritis should be considered. Biopsy is crucial to the
correct diagnosis.

Partial Gastrectomy
In patients with long-term gastric resection, particularly

the Billroth II ptOcedure, the presence of thickened folds
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A B
Figure 2-40 A, Large serpentine varices (anmvs) are seen in the gastric fundus. B, Coiled
serpentine varices also are seen along this patient's greatcr curvature (arrows) of stomach.

within the gastric remnant is common. The exact cause
is unclear. It is believed by some authors to represent the
sequela of chronic bile reflux. The long-teml significance
also is unclear. Whether this condition predisposes these
individuals to a "sUlmp carcinoma" of the gastric remnant
is uncertain.

Diffuse Thickening
Box 2-7 summarizes the causes of diffuse gastric fold

thickening.

Gastritis
Virtually aU forms of gastritis, including hypertrophic

gastritis and pWegmonous gastritis, can diffusely involve
the entire stomach. Alcoholic gastritis, although occasion­
ally manifesting as a regional gastritis, most commonly is
diffuse in its presentation and is associated with a higher
incidence of positive H pylori testing.

Box 2-7 The Fold Thickens: Some
Causes of Diffuse Gastric
Fold TWckening

Gastritis with or without H. pylori
Aspirin/NSAID-ioduced gastritis
Eosinophilic gastritis
Menctricr's disease
Pancreatitis

Malignancy
Amyloid

Pancreatitis
Occasionally, with severe involvement of the length

of the pancreas, the secondary inflammatOry changes
involVing the adjacent stomach may involve the entire
length of the stomach.

Eosi1l0pbilic Gastritis
Although involvement of the stomach with eosinophilic

gastritis is often limited to the antnull, all pans of the
stomach may be involved.

Melletrier's Disease
Although Menetrier's disease is more commonly seen

involving the proximal stomach, it also can involve the
entire stomach, giving a diffusely thickened mgal fold
pattern throughollt.

Alllyloidosis
Gastrointestinal involvement by amyloid is common,

although involvement of the stomach seems to be rare.
Diffuse infIltrative changes may be present throughout
the stomach with resultant thickening of the mgal fold
pattern. This thickening prohably represents the most
well-known presentation of gastric amyloid. Other presen­
tations include focal changes, such as mass and lllcemtion.
Involvement of the stomach with amyloid can be a result
of primary systemic amyloidosis, secondary amyloidosis,
or isolated amyloid deposition.

The secondary type of amyloidosis is associated with
some chronic underlying disease that predisposes to
amylOid formation and deposition in tissues. The most
common antecedent diseases include rhewnatoid arthritis,



- oaculosis, bronchiectasis, and chronic lung disease.
site of amyloid involvement is usually the reticuloen­

;.;:rr..elial system. Primary systemic amyloid is a condition
silich no underlying disease is thought to be present.

gastrointestinal system involvement with arnyloid
more commonly seen with the primary systemic
~ Isolated amyloid deposition, sometimes referred

amyloid tumor, involves a single site or organ. This
bably a variant of the primary type. A fourth type

mx:1oidosis that should be considered and in which
.- involvement is probably extremely unusual would

yloid fonnation associated with multiple myeloma.

Tbickelled Folds Resultillg from
Healed Gash-;c Wcers

casionaJly, healing and scarring from a previous
'c ulcer may leave the stomach with a pemlanenr

"",:o=rn,nce of thickened folds (Fig. 241); this can be
focal or involve a large portion of the stomach if

original ulcer was large. These thickened folds are
!![ the norm, however, and most gastric ulcers heal

little or no scarring, whereas others may heal with
_'U:tion defect (owing to cicatrization) on the wall

"te the ulcer.

Diminished Gastric Folds

"onnal Aging
Diminished gastric folds are a radiological dilemma.

tion berween diminished fold pattern, as seen on

2-41 Large converging g.1Stric folds associated 'with a
gastric ulcer (arrows).
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the UGI study and endoscopy, and histological biopsy is
often poor.

In many patients, a dinlinished fold panern is apparent,
which primarily involves the fundus and, to a lesser
degree, the body and antrum. It is often seen in older
patients and, in most cases, it represents normal aging
processes. Various population srudies have suggested that
mild to moderate atrophy and associated fold diminution
ar~ seen in patients older than age 50 years. It has been
suggested that 50% of patients older than age 50 show
some degree of these changes within the stomach.
Histologically, this change is found to be a mild superficial
and atrophic type of gastritis, with the atrophic compo­
nent increasing with age. There is often accompanying
intestinal metaplasia, which also seems to be age depend­
ent. The relationsh.ip of these rrodings to H. pylOl"i
gastritis remains to be elucidated, but there is some
evidence that a subset of H. pylori can be associated
with acWorhydric states.

Diminution of fold pattern may be accompanied by
prominence in the areae gastricae pattern, bur these
fmdings are controversial and not well understood. The
radiologist should not presume seriolls disease or
increased risk of malignancy on the basis of these findings.
In most cases, when the stomach is otherwise noOllal ,
a simple descriptive phmse, slich as "the stomach has a
mild atrophic appearance with some diminution of the
fold pattern," suffices. Diagnosis of atrophic gastritis should
be avoided unless rhe stomach is totally devoid of folds.

Partial Gastrectomy
After partial gastrectomy, the development of gastritis

is inevitable. \Videned folds may be evident in most
patients follOWing gastrectomy. A diminished or absent
fold pattern also may be seen in a smaller number of
patients after gastrectomy. In some of these patients, no
folds are discernible. These changes are more marked in
the Billroth II type of anastomosis. The cause of these types
of gastritiS is unclear. The same bile or alkaline reflux
gastritis suggested for prominent gastriC folds also has
been suggested as a cause for the arrophic appearance of
the gastric remnant. TI,e long-teno sequela nf this type
of gastritis also is lll1certain. The increased incidence
of postgastrectomy "stump carcinoma" has been docu­
mented in the literature. It is not clear what, if any, role
chronic gastritis of the gastric remnant plays in the
development of carcinoma in the gastric remnant 10 to
25 years after surgery, nor is it clear if manifestations of
atrophic changes in the gastric stump or prominent gastric
folds in the residual stomach indicate an increased risk in
these patients (Fig. 242).

Gastric Ulcers
Gastric ulcers, particularly chronic ulcers, tend to be

associated with a diminished fold pattern throughout the



72 GASTROINTESTINAL IMAGING: THE REQUISITFS

Figure 2-42 UGI study in elderly patient shows complete
absence of gastric folds, giving the stomach a marked atrophic
appearance.

stomach and particularly in the antrum. Histologically,
atroph.ic superficial gastritis with intestinal metaplasia
commonly accompanies the atrophic changes.

Pernicious Anemia
Addisonian pernicious anemia is a serious hematolog­

ical condition that is characterized by a megaloblastic type
of anemia and near-absolute achlorhydria. The Schilling
tcSt shows impaired absorption of vitamin 8 12 from the
gut, which is a result of the diminished ability to secrete
intrinsic factor. TIle stomach shows severe fundal atrophy,
giving rise to the "bald fundus." The remainder of the
stomach shows diminished or complete absence of a fold
pattern. The stomach remains distensible and pliable
at fluoroscopy_ Peristaltic activity is dinlinished, but not
absent. Histological examination shows severe mucosal
atrophy, gastritis, and intestinal metaplasia. It is not
unusual to see inflammatory changes within the antnlm,
in which case thickened folds, possibly erosions, may be
encountered in a patient who otherwise presents with
an absence of fold pattern throughout the remainder of
the stomach.

Gastric Cancer
Cancers found in the gastlic antrum and body are

often associated with e>..'tensive changes of hmdal atrophic
gastritis and prominent intestinal metaplastic changes.
TIus association is of questionable significance in that

the intestinal metaplastiC changes have been shown to
be present in the aging population, and the degree and
severity seem to correlate directly with age. The increased
risk of gastric carcinoma in patients with the atrophic
changes of the stomach secondary to pernicious anemia
is well known, however. It has been estimated that such
patients have three times the risk of developing gastric
cancer as does the normal population. A patient with
severe atrophiC changes throughout the stomach and
an absolute absence of gastric fold pattern presents
a dilemma to the mdiologist. Although the supporting
evidence and the disputing evidence are controversial,
such patients probably should be considered at higher
risk for the development ofgastric carcinoma and referred
for endoscopic evaluatiqn and sample biopsy of various
portions of the stomach.

Extrinsic Masses

Many possible perigastric processes can result in an
extrinsic compression defect on the stomach. The most
common of these is simply an enlarged liver, particularly
the left lobe. Splenomegaly also can result in a significant
impression. Other processes, particularly processes arising
from the pancreas, such as tumors, pseudocysts, and other
fonus of pancreatic cystic disease, also can result in gastric
impression. These impressions are seen along the distal
greater curvature of the stomach and are sometimes
referred to as the "'mtrdi pad" sign on an UGI examination
(Fig. 243). large retroperitoneal masses, such as neuro­
fibromatosis (Fig. 244), retrogastric lymph node masses,
and hematomas or abscesses, can give a picture of a pos­
terior wall impression on the stomach. Occasionally, a
marked aortic aneurysm impresses the stomach, and
neoplastic lesions arising from the region of the splenic
flexure of the colon can result in gastric impression. Huge
renal or adrenal masses also can displace the stomach.

Small Solitary Masses «2 em)

Gastric Polyps
Solitary gastric polyps are uncommon. Various studies

have put the incidence at 0.6% to 3%. Benign spindle cell
tumors are the most common type of neoplastic polyps
seen in this category, with benign stromal cell tumors
(leiomyomas) the most frequent lesions seen. Lipomas,
hemangiomas, and neurofibromas do occur, however.
These lesions tend to be small and solitary. They occa­
sionally can grow to a large size and commonly undergo
surface ulceration. AutOpsy studies have suggested,
however, that the incidence of multiple benign stromal
cell tumors of the stomach may be higher than previously
believed. A benign stromal cell tumor originates in the
smooth muscle of the stomach wall and apparently
can remain for a prolonged period as a small intramural
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Figure 2-42 UGI study in elderly patient shows complete
absence of gastric folds, giving me stomach a marked atrophic
appearance.

stomach and particularly in the antrum. Histologically,
atrophic superficial gastritis with intestinal metaplasia
commonly accompanies the atrophic changes.

Pernicious Anemia
Addisonian pernicious aneluia is a serious hematolog­

ical condition that is characterized by a megaloblastic type
of anemia and near-absolute achlorhydria. 111e Schilling
test shows impaired absorption of vitamin B I2 from the
gut, which is a result of the diminished ability to secrete
intrinsic factor. The stomach shows severe fundal atrophy,
giving rise to the "bald fundus." The remainder of the
stomach shows diminished or complete absence of a fold
pattern. The stomach remains distensible and pliable
at fluoroscopy. Peristaltic activity is diminished, but not
absent. Histological examination shows severe mucosal
atrophy, gastritis, and intestinal metaplasia. It is not
unusual to see inflammatory changes within the antrum,
in which case thickened folds, possibly erosions, may be
encountered in a patient who otherwise presents with
an absence of fold pattern throughout the remainder of
the stomach.

Gastric Cancer
Cancers found in the gastric antrum and body are

often associated with extensive changes of fundal atrophic
gastritiS and prominent intestinal metaplastic changes.
This association is of questionable significance in that

the intestinal metaplastic changes have been shown to
be present in the aging population, and the degree and
severity seem to correlate directly with age. The increased
risk of gastric carcinoma in patients with the atrophic
changes of the stomach secondary to pernicious anemia
is well known, however. It has been estimated that such
patients have three times the risk of developing gastric
cancer as does the normal population. A patient with
severe atrophic changes throughout the stomach and
;:m absolute absence of gastric fold pattern presents
a dilemma to the radiologist. Although the supporting
evidence and the disputing evidence are controversial,
such patients probably should be considered at higher
risk for the development of gastric carcinoma and referred
for endoscopic evaluation and sample biopsy of various
portions of the stomach.

Extrinsic Masses

Many possible perigastric processes can result in an
extrinsic compression defect on the stomach. The most
common of these is simply an enlarged liver, particularly
the left lobe. Splenomegaly also can result in a significant
impression. Other processes, partiCldarly processes arising
from the pancre-dS, such as tumors, pseudocysts, and other
forms of p:Ulcreatic cystic disease, also can result in gastric
impression. These impressions are seen along the distal
greater curvature of the stomach and are sometimes
referred to as the "antral pad" sign on an UGI examination
(Fig. 2-43), Large retroperitoneal masses, such as neuro­
fibromatosis (Fig. 2-44), retrogastric lymph node masses,
and hematomas or abscesses, can give a picture of a pos­
terior wall impression on the stomach. Occasionally, a
marked aortic aneurysm impresses the stomach, and
neoplastic lesions arising [rom the region of the splenic
flexure of the colon can result in gastric impression. Huge
renal or adrenal masses also can displace the stomach.

Small Solitary Masses «2 em)

Gastric Polyps
Solitary gastric polyps are uncommon. Various studie~

have put the incidence at 0.6% to 3%. Benign spindle eel
tumors are the most common type of neoplastic polyp~

seen in this category, with benign stromal cell tumor~

(Ieiomyomas) the most frequent lesions seen. Lipomas
hemangiomas, and neurofibromas do occur, however
These lesions tend to be small and solitary. They occa
sionally can grow to a large size and commonly underg<
surface ulceration. Autopsy studies have suggested
however, that the iJlcidence of multiple benign stroma
cell tumors of the stomach may be higher than previousl~

believed. A benign stromal cell tumor originates in th.
smooth muscle of the stomach wall and apparentl:
can remain for a prolonged period as a small intramura



2·43 Focal impression on greater curvature of stomach
adaI1' to pancreatic tumor, ~antral pad sign" (m-rows).

ucosal process. If enlargement does occur, it may
toward the gastric lumen or toward the serosal

of the bowel wall and develop as an exophytic
Most benign stromal cell tumors tend to occur

. proximal part of the stomach. In general, it has
a clinical assumption that benign stromal cell tumors

than 2 cm tcnd to be asymptomatic, whereas larger
- may result in symptoms.

--'POmas of the stomach are rare and generally small
..symptomatic. \Vhcn they do become symptomatic,
;t]mOSt always a result of gastrointestinal bleeding.

usually occur in the distal stomach.

2·44 Neurofibromatosis in the retroperitoneal cavity
_ "trohepatic ligament impresses the stomach wall (arrows).
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Glomus tumors (similar to benign stromal cell tumors
in histologic appearance), although more commonly
found in other sites, such as skin, can also occur in the
stOmach. The usual reported site is in the distal stomach,
and the most common manifestation is gastrointestinal
bleeding.

Ectopic Pancreas
These lesions are most commonly encountered

within the antrum of the stomach, with the next
most common site being the duodenum. Polypoid
lesions representing ectopic pancreatic rests have been
described occurring rarely in sites from the esophagus to
the ileum.

The incidence varies, ranging from 1% to 14% in
autopsy series. It seems to be more common than other
benign polypoid conditions of the stomach, including
benign stromal cell tumors.

Radiographically, these polypoid lesions are usually
less than 2 em and are generally located in the distal
prepyloric antral region of the stomach. The surface of
the lesion may be smooth or slightly lobulated. There may
be a central depression or umbilication representing a
rudimentary duct opening in approximately 50% of the
cases (Fig. 2-45).

Most of these lesions are discovered incidentally in
patients with nonspecific or vague gastrointestinal com­
plaints. Occasionally, the surface of the ectopic pancreatic
rests may ulcerate and bleed. Multiple gastriC pancreatic
rests are uncommon.

Figure 2·45 Marginal polypoid lesion is seen along the greater
curvature of the antrum (arrow). Endoscopic evaluation and
biopsy specimen showed this to be ectopic pancreatic tissue.
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Adenomas
In contrast to the colon, in which ;:Idenomatous polyp

formation is common, the presence of adenomas in the
stomach is tIDUsual. Adenomatous polyps in the stomach
also seem to be more predisposed to malignant degen­
eration. Similar to colonic adenomas, the potential for
malignant degeneration increases with size. Although
generally uncommon, adenomatous polyps are more
common in stomachs that also harbor gastric carcinoma.
The incidence has been reported to be near 60%.

Most of these lesions are sessile, although pedunculated
polyps may be seen (Fig. 2-46). The most common site
seems to be in the distal stomach. Tubular adenomas,
which are the most common adenomas in the colon,
tend to be the least cornman of the gastric adenomas.
More frequently, the more dangerous varieties, such as
villous or tubulovillous adenomas, are encountered.

Solitary polyps are more common than multiple
lesions. The presence of multiple lesions should raise the
possibility of one of the polyposis syndromes.

Figure 2-46 A smooth polypoid lesion (arrow) is seen on the
anterior wall of the stomach at the junction of the body and
antmm. Endoscopy showed it to be a gastric adenoma.

Figure 2-47 Gastric metastatic lesion. A rounded, well-defined
gastric mass (arrows) with a central barium collection proved to
be a metastatic lesion from the breast.

The radiological appearance is usually that of a
mucosal lesion. It may be smooth or villolls in appear­
ance. Ulceration can occur. Most solitary adenomas are
incidental findings, and most lesions are less than 2 em.

Metastatic Lesions
Metastatic lesions to the stomach resulting in solitary,

small filling defects are uncommon but do occur.
Metastatic melanoma is probably the most frequently
encountered lesion and occasionally can present as a
single, small filling defect with typical surface ulceration
and "bull's-eye" appearance. Solitary, small lesions
secondary to metastatic spread of breast or lung lesions
may be seen rarely with exactly the same appearance
(Fig. 2-47).

Inflammatory Fibroid Polyps
Inflammatory fibroid polyps are nonadenomatous

polyps characterized by an arrangement of fibrous
and connective tissues infiltrated with sheets of
eosinophils. These lesions also are known as eosinophilic
granulomas. The lesions apparently are unrelated to
eosinophilic gastroenteritis. There is no history of food
allergies, and there is no peripheral eosinophilia. The
lesion is usually solitary and smaller than 2 em. It has no



2-48 A patient with a solitary eosinophilic granuloma of
iWmach (arrowhead) located along the greater CUlvature of
mInIm. The lesion is smooth and mucosal in appearance.

iIIIIlaIl. linear ulce.ation is seen on the surface.

tive appearance radiologically and is seen as a
....OOIn, sessile polypoid filling defect in the distal stomach

2-48). Patients are usually asymptomatic, and these
s are rarely associated with any significant symp­
The possibility of erosions on the surface of the
and subsequent bleeding does exist.

<:arcinoids
Urcinoids usually do not involve the stomach and are

in tIus organ in less than 3% of cases. They may be
<c:D as small, often soutary, mucosal polypoid lesions in

mtrum. A more common appearance is that of a larger
ting lesion involving the antral portion of the stom­

which may be tadiologicaUy indistinguishable from
illcerating carcinoma. Approximately 25% of gastric
- oids have associated metastatic disease. In the stom­

I:!!or duodenum, carcinoids arise from enterochromaffm­
cells. Carcinoid syndrome does not occur, however,

;!bout the presence of hepatic metastatic disease

)lultiple Small Masses

Hyperplastic Polyps
Hyperplastic polyps are the most common cause

.- illlall polypoid filling defects within the stomach.
.- also are referred to as regenerative and sometimes

m:zammatory polyps and are believed to represent the
,. elae of chronic inflammation. They are small and
~e and are conmlO1l1y nuiltiple in nature, although

can be solitary. They tend to be seen predominantly
the anttal region (Fig. 2-49).

Stomach and Duodenum 75

The hyperplastic polyp is not a neoplastic lesion.
Malignant degeneration is virtually unheard of. Despite
this, there is a well-documented increase in the incidence
of coexisting hyperplastic polyps found in stomachs
harboring gastric carcinoma.

Adenomas
The fmding of multiple gastric adenomas not related to

one of the polyposis syndromes is rare. Gastric polyps are
reported in most polyposis syndromes. More commonly,
they are seen in familial polyposis coli and Gardner's
syndrome. Although these adenomatous polyps have
a high malignant potential within the colon, malignant
degeneration of adenomatous gastric polyps in patients
with either Gardncr's or familial polyposis syndrome
is exccedingly rare.

Hamartomas
Hamartomatous gastric polyps develop in the stomach

almost exclusively in patients with Peutz:Jeghers or
Cronkhite-Canada syndromes. They are multiple, are
generally small, and are seen in conjunction with the more

Figure 2-49 UGI study shows numerous, rounded filling
defects throughout the body and antmm of the stomach (arrows),
which on endoscopic evaluation proved to be multiple hyperplastic
polyps.
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common presentation of small bowel polyps and muco­
cutaneous pigmentation changes. There is relatively
little malignant potential related to hamartoma faonation.
Although a slight increase in small bowel cancer has been
reported in patients with Peutz-Jeghers syndrome, there
is no known increase in gastric cancer.

Multiple hamartoma syndrome (Cowden's disease) is
a rare condition manifested by hamartomatous polyps
within the stomach ,Uld elsewhere within the gastro·
intestinal tract, along with associated thyroid and breast
lesions. The gastrointestinal polyps are almost always
hamartomatous, although simple hyperpl:lStic polyps have
been reported.

Hemangiomas
Rarely, multiple hemangiom:lS are seen within the stom·

ach, occasionally associated with typical calcification.
The blue mbber bleb nevus syndrome (Bean syndrome)
is rare. It is inherited as a sporadic, autosomal dominant
trait in some families. It is manifested by mucosal heman­
giomas, mostly reported in the stomach and associated
with gastrointestinal bleeding. They are always seen as
multiple, small filling defects.

Peptic Erosions
Multiple, small filling defects may be identified in

patients with multiple gastric erosions. TIlis fmding relates
to the edematous raised mucosa around the site of the
ptmctate ulcer.ttion (Fig. 2-50). On smgle-eonr.rasr exami­
nation, these may appear as multiple, small ftJling defects
predominantly in the distal stomach. Good-quality, double·
contrast examination almost always shows the punctate
ulceration present in the center of the filling defect.

Figure 2-50 Focal s~~{elling and beaded appearance (arrou/beads)
arc shown in the distal stomach of this p:lticnt as a result of tiny
superficial erosions and the associated edema surrounding each
erosion.

Figure 2-51 Large, smooth submucosal mass (arrowhead) is
seen arising from the lesser cun'ature of the body of the stomach..
TIlls represents a large gastric stromal cell tumor (leiomyoma).

Often, these erosions line up on the folds of the body and
antnlm of the stomach.

Candidiasis
\Vith the increasing pool of immunocompromised

patients in the health care system today, there is an
increasing incidence of gastric candidiasis. This disease
may present, as in the esophagus, with multiple, round
filling defects throughout the stomach, which, if untreated.
can go on to the ulcerative hemorrhagic stage common!)
seen in the esophagus.

Large Solitary Masses

Adenomas
Solitary gastric adenomas greater than 2 em are

extremely uncommon but do occur and carry a high risk
of malignancy. Larger adenomatous polyps within the
stomach have more likelihood of being pedunculated
(i.e., on a Stalk).

StroIrulI Cell Tumors (Gastrointestinal
Stromal Cell Tumors)
The most common of the stromal cell tumors of the

gastrointestinal tract are those that arise from the smooth
muscle of the stomach. Although multiple benign stromal
cell tumors of the stomach have been reported, the solitary
lesion is much more common. These lesions can be quite
large, and the patients are often asymptomatic (Fig. 2-51).
Occasionally, stromal cell tumors can continue to grow
within the gastric wall and reach sizable proportiOns
(Fig. 2·52). A stromal cell tumor greater than 5 em in
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pancreas does occur. Lymph node spread is unusual.
Symptoms are produced usually when the lesions are
quite large, and patients most commonly present with
bleeding. Occasionally, obstruction or perforation may
be a presenting feature.

Because of the tendency for these lesions to grow in an
exophytic manner, CT is hclpful in identifying the limits
of the tumor mass. Barium studies may show wall abnor­
malities, which may be evidence of extrinsic mass relating
to the exophytic component of the lesion (Fig. 2-53).

Metastatic Lesions
The usual presentation of metastatic lesions is multi­

ple polypoid or infiltrative lesions within the stomach.
Occasionally, a larger, isolated metastatic lesion is enCOlUl­
tered; tllis is most likely to occur in metastatic melanoma
(Fig. 2-54).

Figure 2-53 Malignant gastrointestinal stromal cell cell tumor. A, UGI examination shows huge;
gastric mass :trising from lesser Cluve (arrows). Note smooth mucosal surface over mass. B, COmputed
tomographic SC~m shows large soft tissue mass (arrows) with significant exophytic component.

F"tgUre 2-52 A gastric gastrointestinal stromal cell rumor is seen
from the amerior wall of the stomach 011 cr (arrows).

Duplication Cysts
Gastric duplications are rare and may present in v-drious

sizes and configurations. A solitary filling defect within
the stomach, usually along the greater CUl\1aUlre, is one
presentation. Alternatively the cyst may communicate
with dle lumen and present as a large diverticulum-like
barium collection along the margin of the stomach.

Polypoid Carcmolnas
Approximately a quarter of gastric carcinomas present

as polypoid mass lesions growing into the gastric lumen.
These polypoid lesions mayor may not be ulcerated
on their surface (Fig. 2-55). In addition, there may be
spread along the adjacent wall. It is thought that
about a third of all malignant gastric carcinomas manifest

BA

etcr is likely to be a malignant stromal cell Ulmor
myosarcoma). These tumors often outgrow their

supply and undergo central necrosis, often leading
large barium-filled cavities within the tUffior mass.
ulcerations are usually centrally located in the tumor

....,. Although stromal cell tumors seem to have a
-:'Rt1ilection for the proximal stomach, they have been
~bed throughout the stomach. These tumors carry a

tivel)' good prognosis, and distal metastasis is
Direct extension to the adjacent spleen, liver, and
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Figure 2-54 VCI study in patient with known lung cancer in
which at least two bull's-eye metastatic lesions to the stomach are
seen. The classic appearance of a mass with an ulcerated, barium­
filled center is seen en face (solid arrow), and the same type of
lesion is seen profiled (open an'ow).

all of the characteristics of polypoid, ulcerative, and
infiltrating types (Fig. 2-56).

Dis<.-Tete isolated polypoid lesions tend to carl1' the
best prognosis, The most common sites tend to be in the
distal portion of the stomach, although in patients with
gastric atrophy, proximal regions are more involved.

Figure 2-55 A polypoid carcinoma is seen arising from the
greater curvature of the stomach at the junction of the antrum
and body (ar'row). It is similar in appearance to the antrJ.1 pad sign
(see Fig. 2-43).

Figure 2-56 Computed romographic scan shows infiltraling
carcinoma of the stomach with thickened gastric wall (an'ows), extra­
gastric lesions, and nodes in gastrohepatic ligament (arrowbeads).

Jejunal Gastric Intussusception
Of the complications associated with Billroth II partial

gastrectomy, including marginal ulcecation, bezoars,
stump carcinoma, and chronic bile reflux gastritis, jejunal
gastric intussusception is rarest. Intussusceptive changes
occur within the adjacent jejunum, and retrograde pro­
gression of the intussusception results in a large filling
defect within the gastric remnant. This defect has a typical
radiographic appearance on barium studies of a large intra­
gastric mass with evidence of a fold pattern within it that
mayor may not have the typical "coil spring" appearance.
There is usually a significant degree of obstfilCtion to the
distal flow of barium,

Gastric Bezoars
Small, asymptomatic bezoars can be seen as a filling

defect within the stomach, These are usually less than
2 em and mobile.

Multiple Large Masses

Metastatic Disease
As already suggested, metastatic disease to the stomach

can be eclectic in appearance, Multiple, large nodular
lesions can be seen in metastatic melanoma, Occasionally,
metastatic lesions arising from breast and lung lesions may
present in such a fa...,hion, Often, these types of metastatic
lesions are sharply circumscribed and have the typical
bull's-eye or "target lesion" appearance when associated
with centml ulceration, The lesions, particularly melanoma,
may remain silent for some time and increase in size.
Bleeding usuaUy is the first manifestation of gastric
involvement.



Benign Stromal Cell Tumors (Leiomyomas)
~omal cell tumors (gastrointestinal stromal cell

) occasionally can occur in the stomach as multiple,
..... .6 submucosal masses. These lesions can grow large,

me patient can be entirely asymptomatic. The usual
tation is bleeding associated with ulceration on

- surface of one of the stromal cell tumors.

~eurogenicTumors
_"eurofibromas occur as isolated tumors of the stomach .
." can be multiple, however, and in a patient with
ralized neurofibromatosis, there may be involvement

the stomach with multiple neurofibromas. Apart
the pOSSibility of ulceration and bleeding, they are

zcxrally asymptomatic.

Kaposi's Sarcoma
Kaposi's sarcoma is a vascular endothelial tumor that
- described approximately 100 years ago. There has

=rrn significant resurgence in the incidence of Kaposi's
iOCOffia with the advent of the acquired immuno­

.3:ficiency syndrome (AIDS) epidemic. Involvement of
gastrointestinal tract is common, and the gastro­
"nal tract is probably the most frequent site of

-olvement after the skin. It is estimated that 40% to
of patients with Kaposi's sarcoma lesions of the

3i:in have gastrointestinal involvement. Nearly any level
the gastrointestinal tract may be involved, from
pharynx to the rectum, although most lesions are in
upper tract. The gastrointestinal lesions are almost

.a\l;dYs seen in homosexual men. Gastric involvement
be either diffuse or in the form of large discrete

ules (Fig. 2-57). The nodules mayor may not have
crntral ulceration. cr is helpful in defining the extent

wall involvement and the presence or absence of
ptrigastric disease. The lesions themselves are generally
-'SYffiptomatic, although they can bleed.

lymphoma
Primary lymphoma of the stomach is much less com­
n than adenocarcinoma and accounts for less than

" of malignant lesions of the stomach. As with gastric
JDenocarcinoma, patients may present with nonspecific

plaints of abdominal pain, nausea, vomiting, and
_ght loss. The radiological manifestations of lymphoma
an be quite variable. Ulcerating, infiltrating lesions and
=1tiple polypoid filling defects within the stomach are
:ommon (Fig. 2-58). Lymphoma can imitate numerous

itions, and radiological differentiation can be difficult.
en faced with multiple large nodules in the stomach,
ors that favor the pOSSibility of lymphoma include

=rlative preservation of the pliability of the stomach,
·ated fold thickening, and extension of the lesion into

duodenum (Fig. 2-59).
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Figure 2-57 Patient with K.1posi's sarcoma of the stomach.
Numerous rounded, ulcerated masses of the SLOmach are seen.

Infiltrating Masses

Adenocarcinoma
The incidence of gastric cancer has decreased strikingly

during the past 4 decades, and it continues to decrease.
In Asia, particularly in Japan, however, gastric cancer is

Figure 2-58 Lymphoma of the stomach presenting as multiple
polypoid lesions in the antrum (arrows).
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Figure 2-59 Computed tomographic scan shows gastric
lymphoma of the distal stomach (arrows) with marked wall thicken­
ing, but no evidence of obstruction.

a common carcinoma and a cause of mortality. There may
be some slight decline in the rate in Japan, possiblyasso­
ciated with intensive screening programs. In the United
States, the median age of diagnosis is abollt 72 years,
slightly younger in women, with mortality being approx·
imately 2: 1 male to female. There is an identifiable group
of YOlmger patients in which the male-to-female rdtio is
about 1: 1, there is a family rustory of malignancy, and
there is also a preponderance of type A blood among
the patients.

Historically, adenocarcinoma, which manifests as a
diffuse inftltrative process within the stomach, is
described as a scirrhous type of lesion and is the most
common cause of the linitis plastica configuration of the
stomach seen on UGI studies. The diffuse infl1trative
process results in desmoplastic changes in the wall of
the stomach, rendering the stomach tubular, narrow,
and rigid (see Fig. 2·16).

Lymphoma
Primary gastric lymphoma may have a multiplicity

of presentations in the stomach. A marked increase
in the fold pattern and infiltrative changes is the most
common presentation (Fig. 2-60); this can be accom­
pallied by ulceration. The stomach may be involved in
part or in whole. Evaluation of radiographs may present
difficulty in distinguishing between lymphoma and
carcinoma. Fluoroscopic examination can be helpful
in many cases of lymphoma because of the relative
pliability of the stomach despite tlle apparent extent
of disease. In many cases, degrees of peristalsis
also are retained. These findings relate to the overall

Figure 2-60 Patient with lymphomatous inftltralion of the distal
stOmach giving a narrow, tubular appearance without obstruction
(arrowbeads).

lack of fibrosis and desmoplastic reaction associated
with lymphoma but commonly seen with adenocar­
cinoma. The exception would be a Hodgkin's-type
lymphoma.

Pseudolymphoma
Although pseudolymphoma or lymphoreticular hyper­

plasia of the stomach is a benign condition, it is virtually
impossible to distinguish this benign process from malig­
nant disease of the stomach, such as lymphoma or carci­
noma. The spectnlm of radiological problems presented
by thiS disease includes gastric masses with associated
ulceration and infiltrative disease of the stomach, com­
monly with associated ulceration. The etiological origins
of this process, also occasionally referred to as "lympho­
follicular gastritis, n are unclear. It is believed by some
to represent an unusual late stage of peptiC ulceration of
tJ1C stomach, whereas others have suggested that it is the
least aggressive of the spectmm of lymphoma types. Focal
lrmphoteticular hrperplastic changes have been reported
elsewhere in the bowel, often associated with ulcers..
Microscopic examination of this lesion presents some
difficulty to the pathologist who is attempting to differ­
entiate it from lymphoma. This is particularly the case on

a frozen section.

Metastatic Lesions
As previously discussed, metastatic lesions, particularly

in the breast and lung, can present as focal and diffuse
infiltrative changes in the stomach. A local contiguoU5
spread, such as from adjacent pancreatiC malignancy
rarely may give a similar appearance.



Leuke:mic Inf11tration
All types of leukemia may involve the gastrointestinal

tract. Autopsy studies suggest that virtually all patients
have some degree of gastrointestinal involvement. In the
5Iomach, this generally is an infiltrative, diffuse process
-xsulting in thickened irregular folds and is virtually
indistinguishable from adenocarcinoma. There may be
;lSSOciated ulcerations and bleeding.

Gastric Erosions and Ulcers

A gastric erosion is a superficial mucosal defect,
..·Wch, in contrast to a gastric ulcer, does not penetrate
into the submucosa. These are virtually impossible to
:'!eC on Single-contrast examinations and can be detected
relatively frequently using a high-qualify, double-contrast
technique. An integral part of the double-contrast
~eclutique consists of washing barium over the portions
of the stomach most likely to harbor erosions and
obtaining a balium pool sufficiently thin to show the
erosions.

These erosions may be seen in any portion of the
=""'"omach, but are most common within the antrum
'Fig. 2-61). The distribution can be asymmetrical. There
~- a tendency for erosions to line up on folds. A small
lucent halo around an erosion is commonly shown
md has been referred to as a complete erosion. This

o represents a circular area of edema around the

~ 2-61 Patient with chronic peptic disease and numerous
erosions (m'rowheads) and a 1.5-cm pyloric channel ulcer

'MTOw) and a laminated gallstone (curved arrow).
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Figure 2-62 Air-contrJ.st UGI examination shows shon, super­
ficial linear ulcer along the greater curvature of the stomach
(arrows).

erosive defect. Erosions lacking this edematous halo have
been referred to as incomplete erosions and are often
difficult to show even on high-qualify, double-contrast
studies. Often, these are short, linear erosions (Fig. 2-62).

There is considerable controversy regarding gastric
erosions and their cause and clinical course. High-quality,
double-contrast evaluations of the stomach show that
these lesions are much more common than was previously
thought.

Under normal circumstances, the gastric mucosa is
protected from the acidic environment of the stomach
by a surface layer of mucus in which secreted bicar­
bonate results in a pH gradient near neutral at the cellu­
lar level. In addition, prostaglandins within the gastric
mucosa seem to play an important pan in maintaining
and supponing the epithelium in the presence of paten­
tialiy harmful acid.

Gastric mucosal erosive changes may be acute or
chronic. Erosive changes seem to be most common in
patients with peptic disease and hyperacidity. It may be
a manifestation of H. pylori-induced peptiC ulcer dis­
ease in many patients. There is also a higher incidence of
gastric erosions associated with excessive ingestion of
alcohol or salicylates. Other medications, including
indomethacin, reserpine, corticosteroids, ibuprofen, and
potassium chloride, also have been implicated. Gastric
erosive changes are a common cause of UGI bleeding,
and hemorrhagic erosive gastritiS is thought to be
responsible for 10% to 20% of upper tract bleeding.

Other causes that may result in gastric mucosal erosions
include Crohn's disease and viral gastritis, such as
cytomegalovirus or herpesvirus. Such lesions also have
been described in Beh~et'ssyndrome. There is also reason
to suspect that a significant proportion of erosive gastritis,
particularly of the chronic nature, may be idiopathic,
distinctively different from that induced by peptic ulcer
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disease, aspirin, alcohol, other medications, or H. pylori
gastritis.

A different manifestation of multiple superficial
gastric erosions is related to patients who 3fe undergo­
ing acute, severe physiological or emotional stress.
This stress has been described as a relatively common
occurrence in patients with extensive burns, in which
the superficial ulcers have been referred to as "Curling's
ulcers." These ulcers are identical to gastric superficial
ulcers that have been described as a complication
in patients with intracranial disease, severe head trauma,
or after craniotomy. These stress-type ulcers (Cushing's
ulcer) are almost always superficial, virtually never
perforate, and in many patients arc painless, with an inci­
dence of gastrointestinal bleeding of 10% to 20%.

Malignant versus Benign
Gastric Ulceration

The widespread use of high-quality, double-comrast
technique in evaluation of the stomach has improved
the ability of the radiologist to detect and classify ulcers
as benign versus malignant. Various distinguishing
features of gastric ulceration have been suggested to

classify gastric ulcers successfully as benign versus malig­
nant. The features listed in Table 2-1 can be helpful in
making this differentiation. Some of the items are more
useful than others, but taken together, they can give
the radiologist direction as to how to classify gastric
ulcerations.

There are three radiological classifications of gastric
ulcers-benign, malignant, and indetemlinate. In general,
it has been found that when ulcers contain well-defined
radiological features of benignity, they are almost
always benign, and ulcerations that blatantly display
the features of malignancy are almost always malignant.

There is, however, a large category in which there
may be benign and malignant features. In such instances,
the disposition to assign the ulcer to one category or
another is unclear, and such ulcers are categorized as
indeterminate in nature. In patients with radiologically
malignant or indeterminate gastric ulcers, follow-up
gastroscopy and biopsy are always indicated. In patients
in whom benign radiological features are overwhelming,
automatic gastroscopy and biopsy are probably poor
uses of medical resources, personnel, and health care
dollars.

• Location. About 90% of all benign gastric ulcers are
located in the antnlffi, and 75% of these are on the
lesser curvature. Although most malignant ulcers
occur in the antrum, variolls studies suggest that
they occur here with less frequency than do benign
ulcers, and malignant ulcers can be seen anywhere
in the stomach. In particular, ulcers seen on the
greater curvature or in parts of the stomach other
than the antrum should be viewed with greater
degrees of suspicion.

• Convergence offolds. In virtually all benign ulcers,
gastric folds can be identified up to the edge of the
ulcer crater (Fig. 2-63). It is e>."tremely common for
the rugal panern to stop shon of the crater margin
of a malignant ulcer. This differentiation is one of
the most important radiological differences
between the types of ulcers.

• Fold shape. In benign ulcers, ti,e adjacent fold
pattern can be normal, or it may show the uniform
or beaded widening secondary to edema and swelling.
As previously stated, however, these folds proceed
to the edge of the ulcer crater. TIle malignant ulcer
may show a variety of abnormal fold patterns in the
adjacent mucosal surface; th.is can include
amputated, fused, or clubbed folds, all of which are

Table 2·1 Malignant 'Versus Benign Ulceration: Radiological Distinguishing Features

Feature

Location
ComTergence of folds
Fold shape

Projections beyond expected
confines of gastric wall

Position of ulcer mound or mass
mcer coUar
MultipliCity
Associated duodenal ulcer disease
Carman's sign and Kirklin complex
Crescem sign
Response [0 ther.tpy

Benign

Mostly anrrum. 75% lesser CllTvature
To edge of cra[er
Normal or uniformly swoUen (edem:uolls)

Yes

Round or linear
Yes, well-defined
Increased frequency 10%-30%
increased association 50%-60%
No
Yes

Reduction of size in 4-6 weeks

Malignant

Most ldoions in antrum, but can occur anywhere
Stop short of crAter edge
Ampulated, fused, or clubbed folds tha[ m.1Y

fail to reach craler edge
No

irregular
May be present, but shaggy and irregular
Less frequent
Less frequent
Yes

No
No reduction in size; ulcer may enlarge



"F1gure 2-63 A large benign ulcer is seen along the lesser curva"
of the body of the stomach. Note the gastric folds coming up

me edge of the ulcer crater (arrows).

abnonnal and often fail to reach the crater edge
(Fig. 2-64). Fold configuration represents an
important differentiating factor.

• Projections beyond expected confines of gastric
wall. This has been an acceptable and reliable sign
of differentiation for decades. Benign ulcers tend
to excavate into the normal mucosal waU, giving a
distinct impression of projecting beyond the
adjacent mucosal boundaries. A malignant ulcer
representing ulceration in a mass quite frequently
gives the impression of ulceration that does not
extend beyond the adjacent mucosal confines of
the stomach. Some care should be taken with the
interpretation of this sign, however. A chronic
gastric ulcer in which some degree of alternating
healing and exacerbation has occurred can give a
configuration identical to that of a malignant ulcer
as a result of fibrosis, cicatrization, and contraction
of the adjacent gastric wall.

• Position ofthe ulcer on the mound or mass. Benign
ulcers excite inflammatory and edematous changes
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Figure 2-64 A shallow gastric ulcer (arrow) is seen with asso"
ciated adjacent clubbed and amputated folds indicative of malignant
lesion.

in the adjacent tissues in a concentric distribution
around the ulcer crater (Fig. 2-65). The appear.mce
is that of a centrally located ulcer 011 a raised mass
or mound of edematous tissue. Conversely, the
point of ulcerdtion that occurs on a malignant
tumor is not predictable and is often eccentric.

Figure 2-65 A large, benign gastric ulcer with barium-filled ulcer
crater (solid an"ow) and an edematous ulcer collar (open ar-row)

are seen.
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Figure 2-66 A huge gastric ulcer is seen along the lesser curva­
ture of the stomach (arrow). A well-dcfmed ulcer collar (an-ow­

head) is seen at the margin of the ulcer.

• Ulcer shape. Benign ulcers are generally round.
Distinct linear ulcers almost always are benign.
Malignant ulcers occasionally can be round and
well defined, but more often are found to be
irregular with poor defmition of the margins.

• Ulcer collar. A uniform ulcer collar around a
centrally located ulcer is a good sign for benignity
(Fig. 2-66). Undermining of the adjacent soft tissue
and subsequent edematous changes result in the
appeaidIlce of an ulcer collar. When the edematous
changes are restricted to the overhanging mucosa
around the crater margin, the configuration in profIle
may be that of a thin, well-demarcated lucent ulcer
collar, known as a "Hampton tine." Ulcer collars may
be present on malignant ulcers, but they are generally
thick, irregular, and shaggy in appearance.

• Multiplicity. Although this cannot be considered
a strong sign for either benignity or malignancy,
it does apparently have some statistical significance.
Literature reports have suggested an increased
potential for benignity when multiple ulcers are
present (Fig. 2-67).

• Associated duodenal ulcer disease. Associated
duodenaJ ulcer disease is a statistically differentiating
point that must be correlated with all other
distinguishing features. The increased association
between benign gastric ulcers and duodenal ulcers
has been reported with considerable variance.

• Cannan's lnenisctls sign and Kirklin con'lplex.
First described by Cannan in the late 1920s, Carman's
sign (Box 2-8) is thought to be diagnostic of a

Bo,.2-8 Recipe for Cannan's Meniscus
Sign: Necessary Ingredients

Flat tumor with heaped-up edges
Located on saddle area of lesser curve of antmffi of stom­

ach
Seen in single-contrast examination or single-contrast

phase of biphasic examination
Seen only with compression

particular type of ulcerated neoplasm. The ulcer
is almost always located on the saddle portion of
the stomach on the lesser curvature of the antrum
and body. The. malignant lesion lacks significant
mass effect. The type of ulceration is usually large
and flat, with raised edges. In single-contrast,
barium-filled examination of the stomach with
compression of tllis saddle region, the heaped-up
edges of the ulcer approximate and entrap barium
within the flat ulcer bed, giving a meniscoid
configuration to the trapped barium within the
ulcer, in which the inner margin is concave toward
the lumen (Fig. 2-68). Where the heaped-up margins
of the ulcer approximate and meet and entidp
barium, as a result of compression, the lucent margin
that surrounds the concavity of the ulcer represents
the approximated heaped-up ulcer edges. Thi.s is
called the "Kirklin complex." Because of the special

Figure 2-67 Multiple, small gastric ulcers arc shown (arrows).
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Figure 2-68 Large ulcer along the lesser curvature afthe antmm
- the stomach, under compression, shows concavity of the ulcer
~er (arrow) along its luminal side. This is Carman's meniscus
-"i;gn of malignancy.

circumstances regarding the nature of the mass,
configuration and location of the ulcer, and the
need for the barium-filled stomach and compression
views, tIus sign rarely is identified on double-contrast
views of the stomach.

• Crescent sign. Benign ulcers occurring along the
greater curvanlre of the antrum or body and in which
significant mucosal undermining has occurred may
show the configuration of a crescent-shaped ulceration
with its concavity directed away from the gastric
lumen.

• Response to therapy. With adequate treatment, almost
all benign gastric ulcers undergo a reduction of size
in a 4- to 6-week period. Expected defonnity changes
associated with scarring and cicatrization also can
be identified. Alternatively, there is no change in
malignant ulcers, or they increase in size. This
differentiating factor is significant, although it has
been noted that on rare occasions, a malignant
ulcer may undergo some decrease in size with
peptiC ulcer treatment.

.\1iscellaneous Findings

Diverticula
FUlldal Diverticula
The most common of diverticula encountered in the

'"iiXIlach arise from the cardiafundal region, usually seen
the posterior wall of the stomach (Fig. 2-69). It is a true
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diverticulum, containing all the layers of the stomach,
and can range in size from 1 to 10 em. These are
considered to be congenital and, for the most part, of
no clinical significance. Reports of bleeding from gastric
diverticula exist in the literature, citing incidences of
14%. This incidence is probably considerably higher,
however, than the experience of most endoscopists
and gastrointestinal radiologists. Additionally, if a diver­
ticulum becomes sufficiently large, impaired emptying
and stasis may result, although this is also a rare
complication.

Alltral Diverticula
Antral diverticula are unusual intramural projections

of mucosa in the gastric wall They are almost always
located along the greater curvature of the antrum of the
stomach. There has been an association with ectopiC
pancreatic tissue reported in approximately 10% to
15% of cases (Fig. 2-70).

Radiologically, the partial diverticulum on the greater
curvature of the antnlm has a "collar-button" appearance
and is often misdiagnosed as a benign gastric ulcer. The
persistent appearance, lack of inflammatory changes
around the partial diverticulum, and lack of tenderness
when compressing this region should help the radiolOgist
avoid this mistake (Fig. 2-71).

Postoperative Stomach
The most common types of gastric surgeries are the

partial gastrectomy and gastrojejunostomy (Billroth 11),

antrectomy and gastroduodenostomy (Billroth 1), diverting
gastrojejunostomy, and gastric partitions for morbid
obesity. Radiographic abnormalities seen in complications
of gastric resection include the following.

Figure 2-69 Computed tomographic scan shows a rounded
collection of contrast material (arrows) arising from the posterior
gastric fundus; this reprcsents a fundal divcrticulum.
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Figure 2-70 On UGI examination, a small, shallow prolrusion
along the greater curvature of the stomach (arrow) was diagnosed
to be a shallow gastric ulcer. Note the absence of inflammatory
changes around the area. Endoscopy showed no evidence of
inflanlmation or ulceration and a small antral diverticulum.

Pseudomass
Pseudomass can be seen after a Billroth I or Billroth IT

procedure, although it is more common in the latter.
It represents the plication defonnity that results when
the divided end of the stomach is Qversewn to restrict
the size of the stoma (Fig. 2-72). The radiological prob­
lem presented in this situation is that of a masslike filling
defect seen at or near the anastomotic site. It is generally
more prominent on immediate postoperative examina­
tions secondary to the edematous changes that persist

in the region. On subsequent exmninations, it may seem
less prominent and over time may appear static in its
configuration and size. Without a baseline postoperative
examination, the deformity can easily simulate neoplastic
recurrence.

Postoperative Gastric Bezoars
As previously discussed, bezoar is a common complica­

tion of gastric surgery (see Fig. 2-9). The bezoars encoun­
tered in this setting are almost always phytobezoars and
can be asymptomatic. If the bezoar becomes sufficiently
large, obstruction of the stoma, distention of the gastric
renlllant, and irritation and erosion of the mucosa can
occur.

Gastric Stump Carcilloma
Although controversy continues regarding the

incidence and occurrence of carcinoma in the gastric
remnant, the postoperative stomach is at higher risk for
carcinoma than the nonoperated stomach. These lesions
are most commonly seen in patients 10 years after partial
gastrectomy and, as previously discussed, may be due to
chrortic gastritis secondary to bile reflux (Fig. 2-73).

Chronic Gastric Rel1lnanl Gastritis
One of the more common postoperative compli­

cations seen in the stomach is chronic gastritis. It is
hypothesized that the lack of pyloric protection results
in chronic reflux of bile and pancreatic secretions
stimulating inflanunatory changes in the gastric remnant.
The common radiological appearance is of enlarged

Figure 2·71 Antral dh'Crticulum. A, Digital image of distal stomach shows a shallow excavation
in antrum (arrow). Note lack of edematous dlanges in the area. B, Endoscopic image of area shows the
margins of the antral diverticulum (arrows). Note normal mucosa in and around the diverticulum.



2-72 This patiem has had a Billroth n gastric resection.
examination shows a large mass along me margin of the gastric

(arrows). Ominous as this appears, it represents only a
.....-.Im1nent plication defect,

figure 2-73 UGI study in a patient with previous gastrectomy.
lbe anastomosis is open. There is nodulariry (arrows) along the
.::argin of the efferent loop, which proved to be a recurrent
.ldrnocarcinoma,
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gastric rugae, although erosions and even ulcers have
been associated with chronic gastritis.

Stomal Ulceration
Recurrent ulceration after partial gastrectomy for

peptic ulcer disease commonly appears on the jejunal
side of the gastrojejunostomy and is known as a stomal
or marginal ulcer (Fig. 2-74). When these ulcers are
sufficiently large, they are difficult to miss. Smaller
marginal ulcers are readily missed on UGI studies, however,
particularly on single-contrast examinations, The presence
of recurrent ulcers on rlle anastomotic margin is probably
unrelated to chronic small bowel reflux and more likely
suggests the possibility of inadequate gastric resection,
the possible existence of an antr.u remnant inadvertently
left behind, or even the presence of a pancreatic islet
cell Zollinger-Ellison-type tumor. Additionally, some have
suggested that an excessively long afferent loop may
predispose to marginal ulcers,

Ch"o"ic Gastroesophageal Rejhlx
Patients with partial gastric resections experience an

increased incidence of gastroesophageal reflux, Any patient
undergoing any surgery involVing mobilization of the
stomach may experience increased reflux and subsequent
reflux esophagitis,

Figure 2-74 Patient with previous gastrectomy and Billroth II
resection presented with recurrent pain. UGI study shows L'ugc
stomal ulcer (an"Ow).
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Figure 2-75 Computed tomographic scan shows air in gastric
wall (arrows) after instrumentation.

Jejunal Gastric I1ltussusceptioll
Jejunal gastric intussusception is infrequent, but

when it does occur, it can be seen as an acute or chronic
recurrent process. The acute intussusception is often
a surgical emergency with compromise of the blood
supply in the intussuscepted small bowel loops. These
patients present with severe abdominal pain, nausea and
vomiting, and evidence of UGI obstnlction. Patients with
the chromc recurring type may have no more symptoms
than occasional vague upper abdominal discomfon. The
intussusception may decompress spontaneously after
several minutes.

A large intraremnant filling defect often suggestive
of intussusception in its configuration and barium
pattern is seen. In the chronic transient variety, the
patient may have vague upper abdominal symptoms,
and unless the intussusception is occurring at the time
of examination, the diagnosis probably will not be
considered.

Gastric WaIl Emphysema
Gastric intramural pneumatosis is an unusual finding.

The most common cause relates to the ingestion of
corrosive acidic material with subsequent necrosis of the
mucosa. In addition, it can be seen in the phlegmonous
type of gastritis, in which the offending bacterial agent is
a gas-producing organism. Air in the gastric wall also has
been associated with gastric ulcers and with instrumen­
tation of the stomach, for example, endoscopy and
placement of tubes (Fig. 2-75).

DUODENUM

The evaluation of the duodenum is nonnally included as
part of the UGI examination. It should include air-contrast
views and compression views, particularly of the duodenal
bulb region. Hypotonic duodenogrdphy also has been
helpful in evaluating this region. The desired result is
usually achieved with 0.1 to 0.5 mg of intravenous
glucagon (Fig. 2-76). Although the use of glucagon has
diminished significantly with tlle increased number of
imffiunocompromised patients being seen over the last
2 decades, the qualiry of the study done without the use
of parenteral glucagon can be at least as good if the radi­
ologist is patient and committed to high-quality work.
Occasionally, the duodenum can be located in a posterior
pOSition directly behind the gastric antrum. Under such
circumstances, profiling the duodenal bulb, particularly
for air-contrast views, can be difficult. In the left lateral
position, the air-filled bulb mal' be overlapped by portions
of the antrum. Angulation of the x-ray tube during
fluoroscopy, if this faciliry is available, mal' be helpful
in separating the duodenal bulb from the antrum. When
angulation is not available, a few simple maneuvers may
be undertaken. The ftrSt is an attempt to evaluate the
duodenum in the left oblique position while the patient
is upright. The weight of the barium within the stomach
mal' pull the gastriC antrum sufficiently downward to

Figure 2-76 Air-contrast view of normal duodenal bulb using
0.1 mg intravenous glucagon.



w visualization of the duodenal bulb, which tends
Ii) be fixed. Alternatively, with the patient recumbent
md in the left lateral position, a bolster (inflated balloon

. pillow) is placed in the patient's epigastrium, and the
-;g:tient is asked to roll downward toward the bolster and

table (left anterior oblique position). This maneuver
DITcn displaces the stomach away from the duodenum,
pamitting an unobstructed proftle view of the air·filled
:!:xxlenum and pyloric channel (Fig. 2-77).

)Iost of the ,.diological problems associated with
~-e duodenum also are common to the remainder of

small boweL For this reason, discussion of these
lilies in this section is limited; more detail can be fotmd

~ Chapter 3.

Dilated (Nonobstructed) Lrunen

:\euromuscular abnormalities account for most of the
liDdings of a dilated flaccid duodenum during UGI exam­
nation. They include scleroderma, idiopathic intestinal

udoobstruction, and diabetes mellitus. Patients taking

2-77 l)rofUcd gastric antmm and duodcn~1 bulb in a
'orly located duodenum.
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Figure 2-78 Megaduodenuffi (arrowbeads) in a patient with
scleroderma.

anticholinergic atropine-like medication may. exhibit
similar fmdings (Fig. 2-78).

In patients with nontropical sprue, dilatation of the
small bowel is a common finding and lllay be seen within
the duodenum as well. Most of the other findings associ­
ated with sprue tend to be confined to the more distal
small bowel.

Occasionally, a dilated nonobstructed duodenal
sweep may be seen in patients with severe acute
Ulnesses, trauma, or bums. In these patients, distention
of the stomach and occasionally the duodenum may be
encountered. Intraabdominal processes, which result
in an adynarrtic ileus, also can involve the duodenum,
causing dilatation. Although the esophagus is the main
gastrointestinal site of involvement in patients with
Chagas' disease, the intramural plexus of the duodenum
can also be damaged by the trypanosomes, resulting in
diminished peristalsis and dilatation. Dilated duodenum
has been described in eating disorders, such as anorexia
nervosa or postpartum cachexia.
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Narrowed Lumen

More than 90% of peptic ulcer disease involving the
duodenum affects the duodenal bulb. It can occur as an
acute episode, recurrent disease, or chrome disease.
In recurrent and chronic disease, duodenal bulb defor·
mity is common, and a small, contracted, narrow duo­
denal bulb often is seen in patients with chronic peptic
ulcer disease. This defonnity occasionally can result in
obstnlction and a dilated stomach.

Approximately 10% of duodenal ulcers are postbulbar
in location. They are radiologically difficult to see. Often
the radiological findings are thickened, irregular folds,
with an area of focal narrowing. Crohn's disease or
tuberculosis involVing the duodenum, although rela·
tively uncommon, can produce an identical appearmce
(Fig. 2·79). Inflammatory changes affecting adjacent pan·
creas or, less commonly, the gallbladder, also can result
in postbulbar stricture. Malignancy arising from the pan­
creatic head also can invade any portion of the duodenal
sweep, resulting in strictured narrowing (Fig. 2-80);

Figure 2-79 Crohn's disease involving the duodenal sweep
with resultant stricture (an·owbeads).

Figure 2-80 cr through the panCfC'dS shows a large lll3SS (M)
invading the adjacent comrasc-ftlled duodenal sweep ((Irrow).

this most commonly occurs in the descending and prox­
imal transvecse portion of the duodenum.

Annular pancreas is an unusual condition involving the
descending duodenum. It represents an embryological
abnonnality of pancreatic development in which the
ventral bud of the pancreas encircles the duodenum.
This abnormality produces circumferential indentation
of the descending duodenum by the surrounding
pancreatic tissue. It is often diagnosed in infancy or
childhood, although many of these patients are not iden·
tified until adolescence or adulthood. Occasionally.
periduodenal fibrosis of the duodenal wall can develop
at the site of the long-standing stricture resulting from
the annular pancreatic tissue. For this reason, surgical
relief of the annular extrinsic compression may not always
be curative, and occasionally a gastroenterostomy bypass
may be indicated.

The intraluminal diverticulum of the duodenum, or
"wind sock deformity," is a thin, intraluminal web or
membrane (Fig. 2-81). TI,e wind sock configuration occurs
as a result of the web being stretched and billowed into
the distal lumen by the prolonged and constant effect of
peristaltic activity. Bleeding into the duodenal wall, as a
result of trauma or other causes such as Henoch-Sch6n1ein
purpura, hemophilia, or anticoagulation therapy, can pre·
sent as a discrete intramural mass or diffuse infLltrative
changes with thickened fold pattern, or a combination.
with associated narrowing.

The superior mesenteric artery syndrome is a condi­
tion in which duodenal obstruction occucs as a result
of narrowing of the angle between the aorta and the
superior mesenteric artery at the point at which the
duodenum passes between them. TIllS condition is mOSt

commonly seen in burn patients, patients in body casts.
or patients who have experienced acute severe illness
with substantial weight loss. It is thought that the 10



Figure 2-81 l,..JGI study demonstrates intr.iluminal diverticulum
..r Q,ind sock configuration (D).

~ retroperitoneal fat results in a narrowing of the angle
.xrween the vessels. Another condition that can result in

enal narrowing and potential obstruction is midgut
ulus, seen in patients with incomplete rotation of

:ne midgut. The volvulus can occur as a result of fibrous
bmds overlying the proximal portion of the duodenum,

und whieh the midgut can rotate (Ladd's bands) and
~t. Volvulus also can occur as a result of rotation of
:he midgut around a markedly abbreviated small bowel
:IeSentery that may occur as a result of incomplete
rotation.

Aortoduodenal fistulas are usually complications
prosthetic aortic Dacron grafts. They originally were

.::!escribed as compHcations of aortic abdominal
:meurysms. The distal portion of the duodenum, in con­
:let with the graft or aneurysm, breaks down as a result
of focal pressure or erosion of the aorta dissecting into
:.he duodenal wall. TIle condition is potentially fatal.
Contrast examination of the distal duodenum can show
:Seyeral possible fmdings, including mass effect, luminal
narrowing, ulceration, and even tracking of contrast
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material along the outside of the graft. Complete
obstruction of the intestinal lumen in the neonate
(duodenal atresia) results from failure of cannuLization
of the duodenum during early intrauterine life. The
incidence is higher in infants with Down syndrome;
often these patients present within several hours of birth
with the classic "double-bubble" sign, representing an
air-filled and distended stomach and duodenal bulb.
Another congenital cause of duodenal narrowing is
duodenal duplication. Although this condition is rare,
it can result in a large periduodenal mass impressing and
narrowing the duodenum. The duplicated segment also
may be continuous with the main lumen.

Adenocarcinoma of the duodenum, although rare,
occurs most commonly in ti,e distal half of the duodenum
and in most instances has the typical. apple-core configura­
tion (Fig. 2--82). Metastasis to the duodenum also is uncom­
mon but can occur as an encircling obstructing mass, often
in the distal portion of ti,e duodenal sweep (Fig. 2-83).

TWckened Folds

The most common causes of dlickened duodenal folds,
particularly in the more prOXimal duodenum, are peptiC
ulcer disease and pancreatitis. The changes are a result
of edema from direct inflammatory ch;ll1ges involving
the duodenum and indirect changes involving the
pancreatic head.

Figure 2-82 Primary adenocarcinoma of the duodenum with
alUlUlar narrowing and obstruction (clrroUJs).



92 GASTRO"~'TESTINALIMAGING' THE REQUISITES

Figure 2·83 Metastatic disease involving the duodenal sweep
(a,-row), eccenmcally narrowing the lumen.

In acute pancreatitis, the changes may be limited
to the medial inner curve of the duodenal sweep.
There may be thickening and tethering of folds that can
result in the "reverse figure 3" sign (also seen with
pancreatic carcinoma) described on the UGI examination
(Figs 2-84 and 2-85).

Patients with Zollinger-Ellison syndrome always have
fold prominence within the duodenum as a result of the
marked amount of gastric acid secretion stimulated by
pancreatic gastrinoma. A few patients with this uncom­
mon disease have the offending gastrinoma located within
the duodenum. Crohn's disease of the duodenum is most
commonly seen as thickened folds (Fig. 2-86).

Parasitic infection in the small bowel commonly
involves the duodenum and results in thick, irregular folds.
Ascaris [ulnbricoides cOlnmonly involves the distal
small bowel. St.-ongyloides stercoralis and intestinal
hookV!.'orm, Ancylostoma duodenale, have a marked
preference for the proximal small bowel, particularly the
duodenwn. Giardia lambUa is a relatively conunon
protozoan parasite that involves the duodenum and
jejunum, with resultant fold thickening and irregularity
(Fig. 2-87). Hypersecretion and hypennotility also may be
seen in patients with giatdiasis. Additionally, the pres­
ence of lymphoid hyperplasia has been observed in
some patients with giardiasis.

Fold thickening also can be observed in patients with
eosinophilic gastroenteritis. These patients often present
with abdominal pain, nausea, vomiting, and eosinophilia
on their peripheral blood smear. Fold thickening usually
involves the gastric antrum and duodenum. Whipple's
disease involves the proximal small bowel with thick­
ened and irregular folds in the duodenum and prOXimal
jejunum.

Figure 2-84 UGI study in a patient with acute severe pancreatitis
resulting in marked thickening of duodenal folds :md the reverse
figure 3 configur.ltion on the inner margin (arrows).

Figure 2·85 Pancreatitis affecting the descending duodenum.
Note thickened irregular duodenal folds (an'ows) and calcification
in d1C head of pancreas (an"OllJbeaa).



figure 2-86 Thickening of folds in the duodenal bulb and post­
region secondary to Crohn's disease.

Occasionally, patients with ponal hypertension and
ts>phageal varices also may manifest varicoid fonnation

-thin the proximal duodenum; this is seen as thickened
mil smooth serpiginous folds. Frequently, the presence of
~enalvarices is an indica~ionof portal vein occlusion.
Duodenal intramural bleeding also may manifest as
:hickened regular folds with the classic "stack of coins"
.oppeardllce.

Lymphomas may have multiple physical manifestations
""thin the small bowel, among which is diffuse fold
:nickening. lts presence in the duodenum is rare and,
.....-ben present, is similar to lymphomas elsewhere in the
:tit: it almost never obslnlcts. Patients in chronic renal
i:liI:ure or on long-term dialysis commonly show thickened

Ids within the duodenum. 111ere is also an increased
.dence of peptic ulcer disease in such patients,

;although the persistent thickened folds probably are not
peptiC in origin. Uniform thickening of folds within the
duodenum, jejunum, and ileum can occur in primary and
"""ondary amyloidosis.
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Figure 2-87 Thickened, irregular folds with fme nodularity arc
seen in a patient with giardiasis.

Filling Defects

Flexural Pseudopolyp
One of the most conunon and troublesome of duodenal

filling defects is the flexurdl pseudopolyp (Fig. 2-88). Tllis
phenomenon is usually seen in thin patients with a sharp,
acute angle between the apex of the duodenal bulb and
the descending duodenum. Because of the acuteness of
the angle, mucosa can pile up on the medial inner aspect
of the duodenum at the level of the apex of the bulb; this
results in a filling defect that can easily be diagnosed as
a nonexistent polypoid mass. Demonstration of this mass
in a thin individual with a sharp bulbar duodenal angle
should alert the radinlogist to the possibility of a flexural
pseudonllll0r. This condition can be confinlled by evalu­
ating the area in question with the patient in different
positions, particularly supine positions that may open the
bulbar duodenal angle and change the configuration of the
filling defect.

Pancreatic Rests
Pancreatic rests or ectopic pancreatic tissue within

the duodenum can result in a well-defined filling defect
(Fig. 2-89). These are not neoplastic lesions and are of
embryonic origin. They are smooth, can be round or
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Figure 2-88 Polypoid filling defect in the duodenal bulb
(arrows) proved to be a flexural pseudotumor. No polyps were
identified at endoscopy.

Figure 2-89 A lobulated filling defect (arrows) i~ seen .in the
duodenal bulb with a small, central barium collection (dimple)

representing a pancreatic rest.

lobulated, and usually measure 1 to 2 cm in diameter. 11ley
more commonly present as solitary fIlling defects in the
duodenal bulb or second portion of the duodenum. They
also can be seen in the gastric antrum. A characteristic
radiological finding is the central collection of barium
(dimple) that may be confused with a small ulcer on the
surface of a neoplastic polypoid lesion.

Mesenchymal Tumors (Gastrointestinal
Stromal Cell Tumors)
Mesenchymal benign tumors, such as stromal cell

tumors (ieiomyomas) and lipomas, are the most common
benign lesions of the duodenum. They are usually solitary
and submucosal in origin and have a smooth surface.
These can ulcerate on the surface, although this is lU1com­
mon in the duodenum: The duodenal variety is usually
smaller than the tumors seen elsewhere in the boweL
Neurofibroma and hemangioma also can occur within the
duodenum but are rare.

Aden0013
Duodenal adenomas are uncommon. When present,

they are seen radiologically as mucosal polypoid lesions
usually no more than 1 em in diameter. The exception is
the villous adenoma, which when sytnptomatic is com­
monly 2 to 3 em (Fig. 2-90). Patients may present with
either gastrointestinal bleeding or symptoms related to
intussusception. These lesions have a high potential for
malignant degeneration.

Carcinoid/APUDoma
Similarly, carcinoid tumors ansmg from argentaffin

cells within the mucosa can be seen in the duodenum
and particularly in the peripapillary region of the second

Figure 2-90 A well-defmed, lobulated filling defect in the
transverse portion of the duodenum representing a villous

adenoma is seen.



n of the duodenum. The radiological appearance
and may involve discrete smooth polyps or

:=ttular infiltrating processes. A variant of this, the
:noma, can arise from amine precursor uptake and

.ao=boxylation (APUD) cells. These tumors are histo­
y similar to ileaJ carcinoid tumors and are fre­

- tfy associated with multiple endocrine neoplasia
meso Various polypoid syndromes also may have

- within the duodenum, including familial polypo­
PeulZ-Jeghers syndrome, Cronkhite-Canada syndrome,
Cowden's disease.

Brunner's Gland Hyperplasia and
Bronner's Gland Adenoma
)Jultiple ftlling defects in the duodenal bulb arc also a

tation of Brunner's gland hyperplasia (Fig. 2-91).
process also can extend into dle second portion

e duodenum. The cause of this condition is unclear.
function of Bnmner's glands, which produce

e secretion to protect the sensitive duodenal

2-91 Multiple, large, rounded nodular filling defects in
duodenal bulb and poslb\l\bar region representing Brunner's

hyperplasia are seen.
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Figure 2·92 A solitary filling defect nc::ar the apex of the duode­
nal bulb suggests the possibility of a flexural pseudotumor. This
was found to be a Brunner's gland adenoma.

mucosa from damaging effects of gastric acid, does not
seem to be impaired. A variation of this is Brunner's
gland adenoma or hamartoma, which is a rare lesion
caused by focal overgrowth of the tissue elements of
Brunner's glands in the proximal duodenum (Fig. 2-92).
They are usually seen as smooth polypoid masses, often
about 1 cm in size.

Lymphoid Hyperplasia
Benign lymphoid hyperplasia of the duodenum with

multiple small filling defects may be a normal fmding
in children, although in adults the condition has been
associated with hypogammaglobulinemia and the con·
comitant presence of giardiasis.

Choledoehocele
Occasionally, a round, smooth defect ansmg in

the region of the papilla is seen and is a result of
choledochocele formation. This is a variation of the
choledochal cyst (Fig. 2-93).
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Figure 2·93 Computed tomographic scan shows large cystic
dilatation in the common bile duct representing a choledochal cyst
(arrows) impressing the duodenum.

Kaposi's Sarcoma
Kaposi's sarcoma is a relatively common lesion seen

in AIDS patients. The major sites of involvement include
the stomach and small bowel, although lesions may
be visible within the duodenum. The appearance is
that of multiple polypoid lesions, frequently ulcerated
on the surface. Hematogenous metastatic disease,
particularly breast or melanoma, may have a similar
appearance.

Papillitis
Abnonnalities of the papilla of Vater also may manifest

as a duodenal filling defect. Most commonly, this is papilli·
tiS, resulting from inflanunation and an enlargement of
the major papilla, usually resulting from traumatic stone
passage or peripapillary fibrotic changes.

Heterotopic Gastric Mucosa
An uncommon cause of multiple plaquelike filling

defecrs in the duodenal bulb is hererolOpic gastric mucosa
(Fig. 2-94). These filling defecrs can vary in size and
configuration and form a mosaic pattern usually in the
base of the duodenal bulb; they can easily be missed on
single-contrdst examination. The exact clinical signifi­
cance of this condition is unclear. TIlere seems to be no
malignant potential.

Extrinsic Processes

Pancreatic Disease
TIle most common extrinsic process involving the

duodenal sweep is a result of pancreatic disease in the
head of the pancreas. This disease can be inflammatory,

with diffuse enlargement of the pancreas or pseudocyst
fonnalion. Also, benign or malignant pancreatic neoplasms
can impress the duodenum.

Kidney and Adrenal Gland Diseases
Disease processes arising from the right kidney or

adrenal gland, if sufficiently large, can impress the outer
aspect of the descending portion of the duodenal sweep
(Fig. 2-9;).

Enlarged Common Bile Duct,
Gallbladder, and liver
Abnormalities arising in the liver and biliary system

can also occasionally result in extrinsic impression of
the duodenum. This includes an enlarged gallbladder,
whether it be from obstfllctive causes or passive dilata­
tion. An enlarged common bile duct occasionally can
impress the duodenal sweep at the level of the apex
of the bulb (Fig. 2-96).

Other Causes
Large choledochal cysts also can result in a significant

duodenal impression. Retroperitoneal lymph node masses
in the peripallcreatic region also can lead to an extrinsic
impression on thc duodenal sweep (Fig. 2-97).

Figure 2-94 Multiple, irregular, plaquchke filling defects at the
base of the duodenal bulb represent heterotopic gastric mucosa.



figure 2-95 Relationship of the right kidney and the proximal
~aJ sweep. Computed tomographic section through this

shows intimate relationship between contrast-filled duode­
and anterior-medial aspect of the kidney (curved arrows).

2-96 Obstruction of the biliary system and extrinsic
sion of the postbulbar duodenum (arrows) by a dil:lted
on bile duct.

Stomach and Duodenum 97

Figure 2·97 Computed tomographic scan shows large,
retroperitoneal lymph node mass (l) sandwiching and compressing
the retroperitoneal portion of the duodenal sweep (,wrows).

Duodenal Ulceration

Peptic Ulcer Disease
Duodenal peptic ulcer disease is a COOlman entit),

and accounts for a sizable portion of health care costs
expended on gastrointestinal diseases. The reLationship
between H. pylori and peptic ulcer disease was di~

cussed earlier. It is estimated that 10% to 15% of North
American men have had duodenal ulcer disease at some
time in their lives. The incidence is less for women.
TIle disease is a direct effect of the corrosive effect of
gastric acid on the duodenal mucosa and the breakdown
of normal protective antacid mechanisms within the
duodenal bulb. Various risk factors also are thought to
play an important role in the possible etiological origins
of the disease. These include H pylori, alcohol, and cer­
tain types of drugs, such as aspirin and other NSAIDs
th"lt also have a direct corrosive effect.

The presence of duodenal ulcer disease is probably
not an isolated phenomenon and is simply a manifesta­
tion of one facet of the spectrum of peptic ulcer disease
involving the distal esophagus, gastric antrum, and duo­
denal bulb. Careful evaluation of the stomach of patients
with duodenal ulcer disease almost always reveals gastri­
tis. The incidence of peptic esophagitis in these patients
also is increased.

Radiological diagnosis traditionally has been based
on a persistent barium collection seen within the duo­
denal bulb (Fig. 2-98). However, the advent of wide­
spread use of endoscopy resulted in numerous assertions
that the radiological evaluation of the duodenum for
peptic ulcer disease was quite insensitive. TIle ability of
the radiologist to show duodenal ulceration can be signifi­
cantly inlproved if the examination of the duodenal bulb
includes good air-eontrast views and single-eontrast views
with compression (Fig. 2-99). Occasionally, a good portion,
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Figure 2-98 Typical appearance of duodenal bulb ulcer is seen,
with central ulcer crater (curved arrow) and surrounding edema.

if not all, of the duodenal bulb may be ulcerated, resulting
in a "giant duodenal ulcer" (Fig. 2-100). These ulcers
may assume the triangular configuration of the duodenal
bulb and, as a result, be missed duting UGI study, which
adds credence to the old saw that "the only things radi­
ologists miss are the very small or the very large." Cenain
factors should alert the radiologist to the possibility of a
giant duodenal ulcer (Box 2-9). These include the unusual

persistence of barium within the duodenal bulb, little
or no discernible fold pattern within the bulb, and post­
bulbar narrowing or spasm (Fig. 2-101). Postbulbar duo­
denal ulceration can be difficult to detect radiologically
(Box 2-10).

Other Causes
Duodenal ulcerations or erosions may be seen in a

variety of other conditions, including Zollinger-Ellison
syndrome, Crohn's disease of the duodenum, tuberculo­
sis of the small bowel, and ulceration resulting from viral
diseases.

Duodenal Diverticulosis

Duodenal diverticula· are seen on approximately
5% of routine UGI studies. They represent serosal and
mucosal herniations through the muscular wall and are
not true diverticula (Fig. 2-102). They usually occur in
the second portion of the duodenum along the inner
margin of the duodenal C-Ioop within 1 to 2 em of the
major papilla. Duodenal diverticula are usually only
incidental fmdings. Complications such as hemorrhage,
infection, and enterolith formation have been reported.
Occasionally, the papilla of Vater may empty directly
into a duodenal diverticulum, resulting in the potential
of difficult cannulation and possible perforation during
endoscopic retrograde cholangiopancreatogrdphy.

A
Figure 2·99 A, Air-contrdst views suggest pOSSibility of ulcer cr.tters in the fonn of ~ring shadows"
(arrows). B, Singlc-contrast compression views of the same area show two wcU-defined ulcer
cr.tters (an'Ows).



Box 2-9 Subtle Giant: Giant Duodenal
Ulcer: Radiological Signs

little, if any, fold pattcm in duodenal bulb
:.\"0 change in configuration of bulb
.Always with postbulbar narrowing
.Barium retained, especially on delayed images

Duodenal Positional Abnonnalities

~lidgutMalrotation
~lidgut malrotation is a result of incomplete rotation

- the midgut during intrauterine life. Although this
crxIdition can predispose to midgut volvulus in children,

- more often seen as degrees of incomplete rotation
~ often as an incidental finding. The location of the

ent of Treitz (marking the duodenal-jejunal junc­
:::!D!l) is key to making this diagnosis. The ligament is

ted inferiorly and medially to its expected position.
cases of complete malrotation, it is located to the

_ [ of the spine. The position of the cecum varies,
in complete malrotation it is located largely in the

Gabdomen.

Displacement of C-Loop by Extrinsic Mass
_\ny large mass in the upper abdomen can displace

C-Ioop of the duodenum. The most common are

Figure 2-100 A giant duodenal ulcer (u) is shown.
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Figure 2-101 A large, triangular barium collection (arrowheads)
looks tikt; a deformed duodenal bulb. Note (1) absence of folds in
~duodenal bulb, ~ (2) postbulbar narrowing, and (3) persistence of
barium in "bulb" on delayed films. These three signs are suggestive
of a giant duodenal ulcer, which this proved to be.

masses arising from the pancreas, stomach, kidney, or
adrenals.

Paraduodenal Hernias
Paraduodenal hernias occur when there is incomplete

fixation of the posterior peritoneum and potentia]
spaces develop. Bowel loops can be sequestered in these
potential spaces. If the paraduodenal hernia is on the
right, the ligament of Treitz and the entire C-Ioop may
be displaced. Left-sided paraduodenal hernias are two
to three times more common. These conditions may be
associated with vague upper abdominal symptoms or
can be found as an incidental finding on an UGI study
(Fig. 2-103).

Intrathoracic Stomachs
Displacement and distortion of the duodenal sweep

also can be seen in patients with exceedingly large hiatal
hernias, in which most of the stomach is intrathoracic in
position. The ligament of Treitz may be pulled medially.

Box 2-10 Postbulbar Ulcers: A Hard-to­
Track Animal That
Leaves Tracks

Persistent postbulbar narrOWing/spasm
Postbulbar fold thickening
Rarely results in obstmction
Actual ulcer crater may be difficult to see on UGI studies
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Figure 2-102 Duodenal diverticulum (armws) arising from the
medial aspect of the transverse duodenum.

Lesser Sac Hernias
Lesser sac hernias are uncommon and result when

loops of bowel pass through the foramen of Winslow
(epiploic foramen) and become sequestered in the lesser
sac behind the stomach.
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EXAMINATION TECHNIQUES

The mesenteric small bowel extends from the ligament
Treitz to the ileocecal valve (almost 20 ft) and consists

of the jejunum and ileum, wruch are entirely intraperi­
1OIlea1 and are attached posteriorly to a mesentery. Plain

of the abdomen are often the first radiological exam­
mation obtained in evaluating suspected small bowel
.disease, particularly obstruction or adynamic ileus. The
UJle of x-rays is confIned mainly to emergency and post-

rative patients. The standard supine fIlm (kidneys,
=ers, and bladder) can be supplemented with upright

lateral decubitus filins to detect air-fluid levels or free
xnraperitoneal air.

A wide variety of fluoroscopic procedures using barium
.2!'e available for studying the mesenteric small bowel.

onintubation methods include the small bowel follow-
ugh (SBFf) examination (often performed in conjunc­

::IOD with an upper gastrointestinal series) ;:md the dedicated
<malJ bowel study (in wruch only the small bowel is
e<antined) (Fig. 3-1). Both methods use an approximately
~ weight/volume barium suspension. A dedicated small

'el study should include intennittent fluoroscopy with
parion and spot filming of suspect areas, along with
tine overhead fJ.1ms.
If the suspected area of pathology is the stomach or

.:-..odenum, 5BFT is often included as an attempt to "cover
the bases." 5BFT is, at best, a good survey examination
the small bowel, however, and its sensitiviry leaves

aICh to be desired. If the suspected pathology is in the
......u bowel (Le., Crolm's disease of the ileum), a dedic-dted
~ bowel study should be undertaken. TIlis examination

ers from SBrr in that there is no mixture of differing
..:cnsities of barium and no carbon dioxide gas to break up

barium column. A good dedicated small bowel study
properly is an excellent examination. The ,.diologist
d endeavor to keep the stomach full of barium during

course of the examination (to try to ensure continuous
g of the small bowel with no breakup of the column).

ead of a schedule of overhead films being obtained, the
'cated small bowel study is radiologist intensive and

~res the radiologist periodically, under fluoroscopy,
press out the small bowel so that aLi bowel from the

em of Treitz to the ileocecal valve can be visualized
~ examined. Thin patients, especially when the bony

-- prohibits bowel compression, can be problematic.
number of thin patients seems to be decreasing,

·ever_ Using compression, the fluoroscopist should
the bowel is soft and pliable, the fold partern

be assessed, and the loops should be examined for
g defects.

Inrubation methods (small bowel enema or entcro­
_ --) are performed by injecting barium directly through

(l2F to 14F) placed fluoroscopically into the
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Figure 3-1 Normal S8FT examination shows fold patterns of
duodenum (d), jejunum QJ, and ileum (0. An ovoid filling defect
in the mid-descending duodenum (arrow) represents the nonnal
ampulla seen en face.

jejunum. These procedures include single-contrast tech­
niques (using barium alone) and double-contrast tech­
niques (using air or methylcellulose in addition to barium)
(Fig. 3-2). Tllis method employs a denser barium, typically
50% to 80% weight/volume, depending on the method
used. Careful graded compression under fluoroscopy is
imperative in nonintubation and intubation examinations
to unfold and separate overlapping small bowel loops.
Drawbacks to the intubation methods include higher radi­
ation dose because of increased fluoroscopy, discomfort
to the patient (some patients require mild sedation), and
complications rdated to the intubation or reflux of con·
trast material with aspiration. This method also has an
increased yield, however, in detecting subtle mucosal
pathology or mass lesions.

A peroral pneu1l1ocolon is an infrequent examination
sometimes lIsed to improve visualization of the distal small
bowel. 1l1is procedure is performed during SBrr exami­
nation or small bowel meal. When barium has reached
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Figure 3-2 Spot film from a double-contrast enterociysis
examination shows jejunal fold pattern.

the terminal ileum or cecum, air is insufflated into the
recmm. Intravenous glucagon usually is given to promote
reflux of air from the colon through the ileocecal v.dve.
TItis reflux distends the distal small bowel lumen and
creates a double-contrast appearance. The distal small
bowel also can be examined by retrograde injection of
barium, either through a preexisting ileostomy or
through the colon with reflux across the ileocecal valve.
The tendency for reflux of barium to occur across the
ileocecal valve seems to be higher in single·contrast
examinations.

Water-soluble contrast material generally is used
to confirm the position of jejunostomy tubes (or other

percutaneously placed small bowel catheters). In the case
of perforation, barium injected into the peritoneal cavity
through an incorrectly positioned tube may cause peri­
tonitis. Water-soluble contrast material is not useful, how·
ever, for routine evaluation of the small bowd because
the hyperosmolar contrast material draws tluid into the
bowel lumen, causing progressive dilution of the contrdst
material and rendering the study nondiagnostic. In cases of
suspected small bowel obstnlction, hyperosmolar water­
soluble contrast material is contraindicated because
it causes worsening of the luminal distention.

Multidetector computed tomography (CI) is useful for
studying many forms of small bowel disease (Fig. 3-3).
Its excellent evaluation of the bowel wall and extrinsic
processes is complementary to conventional contrast stud­
ies, which are better for showing motility and mucosal
abnormalities. The ,dpid scanning times now Widely avail­
able with cr, particularly ffiultidetecror cr, lessen image
degradation by peristalsis of bowel loops. Adequate bowel
opacification is essential for optimal display of small bowel
abnormalities on cr. Four 8-oz cups of dilute barium
or dilute water-soluble contrast material are administered
before scanning.

UltrasOnography may detect distended thud-filled loops
of small bowel in cases of obstruction and a thickened
bowel wall resulting from inflammatory or neoplastic
disease. The usefulness of ltitrasonography is limited, how­
ever, because of deflection of sound waves and degrada­
tion of the image by air within the small bowel lumen.
Because ultrdSOnography is often one of the first modalities
used in evaluating patients with acute abdominal com­
plaints, however, it may detect unsuspected small bowel
pathology before other studies.

The most commonly used nuclear imaging technique
pertaining to the small bowel is Meckel's scan (for detect­
ing ectopic gastric mucosa in Meckel's diverticula), which

A B
Figure 3·3 A, E.'Xample of normal small bowel in the upper abdomen with contrast agent on
CI' study. B. cr lower in the abdomen shows nomlal opacified ileal loops.
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iigure 3-4 TechnctiuOl-99m pcrtechnetate nuclear scan shows
~e in a focal area in the right lower quadrant (arrows), which
~ed out to be a bleeding Meckel's diverticulum. Also note
~al excretion of radionuclide from parietal cells in stomach
JDTOwbeads).

- rechnetium-99m pertechnetate, which is excreted by
:::IStric mucosa (Fig. 3-4). Another frequent lise of nuclear
"tUdies is a gastrointestinal bleeding scan, using radioac­
rn-e sulfur colloid or labeled red blood cells (Fig. 3-5).
Oc:casionally, radionucJides that detect inflammatory

21
.Hgure 3-5 Labeled red blood cell ~can shows focal uptake in
R cecum (arrows) in an anemic patient. This turned out to be an
Dnocarcinoma.
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conditions are used in evaluating the small bowels of
patients with Crohn's disease and other illflaUllllatory
conditions.

Angiography is used primarily for showing and treating
vascular thrombosis and hemorrhage involVing the small
bowel, in acute and chronic states. Angiography is lU1ique
in that treaunent of these small bowel conditions can be
performed in selected circumstances. As the technology
of multidetector cr improves, however, the evaluation
of the vascular system using CT arteriography is quickly
gaining adherents, with the potential of major and even
smaller vascular stnlctures, whether mesenteric or cardiac,
being shown in multiplanar images and three-dimensional
reconstruction (Fig. 3-6).

Various drugs have an effect on small bowel motility,
and these can be employed sometimes to assist in small
bowel evaluation. Metoclopr.unide has a dual effect on the
intestinal tract. First, it aids in increasing gasuic emptying,
helping deliver barium to the small bowel faster. Second,
it increases small bowel peristalsis. It can be given
intravenously for immediate effect or given orally, which
usually requires 30 minutes for action. It is primarily
used during intubation examination of the small bowel.

Figure 3-6 Sixteen-track mulLidetector cr with three-dimensional
reconstmction shows the viscerJI arterial system nicely.
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A variety of drugs decrease small bowel motility. The
most commonly used is glucagon. Doses smalkr than 1 fng
can have a profound hypotonic effect on the small intes­
tine and can last 15 to 30 minutes. Glucagon must be
given intr.unuscularly or imravenously. Anticholinergics,
such as morphine compounds, atropine, and diphenoxy­
late, also affect small bowel transit.

Box 3-1 Rule of 3s: Abnormal Small
Bowel Measurements

Small bowel diameter-2:3 em
Small bowel folds-:2=:3 mm
Small bowel wall thickness-:2=:3 mm
Difference between air-fluid levels in a single loop

of bowel-:2=: J em (usually indicates mechanical
obstruction rather than adynamic ileus)

RADIOLOGICAL EVALUATION

Small bowel diameter
I

ThiCk folds

Normal caliber
I

NodulesNormal folds

MeehJcal
obstruction

Adynamic Ileus
Sprue

Dilated (0.3 em)
I

Thick folds
(0.3 mm)

I
Sprue
Lymphoma

I I
Lymphoma Edema
Metastases Hemorrhage
Lymphoid Infection/parasite

hyperplasia Crohn's disease
Crohn's disease Lymphoma
Mastocytosis Whipple's disease
Eosinophilic Amyloid

enteritis Lymphangiectasia

Figure 3-7 Basic algorithm for small bowel disease. Many diseases
h:l\'e a variable appearance.

• Secretions. Typically in a fasted patient, there is no
discernible fluid in the small bowel. If excess fluid
is encountered, seen as dilution of the barium
colunm, this should be considered abnonnal.

• T'ransit time. There is a great variation in transit
time and many dependent factors. Normally,
one might expect barium to reach the cecum in
1 to 3 hours. It can be only 30 minutes, however.
Transit time may be quite prolonged in the
presence of obstruction further down the bowel, a
generalized ileus, certain types of medications, and
chrorric constipation. GenerJ.1Iy, if the right colon
is collapsed and t:mpty, it results in increased
contractions in the small bowel and a faster transit
time.

• Rule of3s. One rule of thumb to use in evaluating
the small bowel is the rule of 3s. In reviewing the
above-listed criteria, it is apparent that most small
bowel measurements are considered abnormal
when they reach 3 or greater (Box 3-1).

Radiologists frequently lise an algorithmic approach
in evaluating an organ in which a multitude of diseases
may occur, such as the small bowel. Figure 3-7 shows one
such algorithm. Many diseases do not lend themselves to
simple classification, however. Also, some diseases, such

As noted earlier, the radiologist has a variety of modal­
ities available to evaluate for possible small bowel disease.
It is beyond the scope of this book to indicate which meth­
ods are most efficacious for evaluating a particular small
bowel condition, whether suspected or real. Currently,
there is some controversy concerning these different
methods, and each has its own proponents. In choosing
what study to perform, other factors enter into the deci­
sion, panicularly what eqlripmem may be available (multi­
detector CI) ,mel the particular skill or comfort level of the
radiologist with a technique. Perhaps the most important
factor is the clinician managing the patient. Often clini­
cians have a particular approach to a clinical situation with
which they feel comfortable, and radiologists must com­
municate with clinicians regarding what they believe is the
best modality to use.

Regardless of the imaging methods, several features of
the small bowel are consistent with all examination types
and are referred to frequently throughout this chapter.

• Diameter. The maximum normal diameter of the
small bowel is about 3 em. With intubation
methods, this diameter is frequently exceeded, and
differences in bowel diameter, rather than the
actual size, become more imPOrtant for evaluation.

• Fold lbickness. The folds of the small bowel
(valvulae conniventes) are typically 1.5 to 2 mm in
size. When the size of the folds begins to reach or
exceed 3 rum over a segment of bowel and is fairly
coosistent during the study, it shol~d be considered
abnormal.

• Bowel wall thickness. The distance between two
loops of bowel is the width of two bowel walls.
Because each bowel wall is usually less than 1.5 mm
in diameter, the distance between bowel loops
should not exceed 3 mm. This distance must be
measured at adjacent loops of bowel that are
adequately distended.

• Differential airlluid levels. Differential levels are
evaluated on upright abdontinal radiographs and
indicate the difference in air*fluid levels in a
single loop of bowel. \Vhen this difference exceeds
1 cm, the likelihood of a mecharric,~ obstruction
increases.
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Figure 3-8 A, Supine.:: plain film of the abdomen shows numerous dilated loops of small bawd
in a patient with small bowel obstmction secondary to adhesions. B, Upright film shows differential
air-fluid levels indicating mechanical small bowel obstmction.

;as lymphoma or Crohn's disease, can present with
~ \"ariety of appearances. The algorithmic approach is
nevertheless helpful in sorting through the various disease
rn:tities that affect the small bowel and allowing one to
make some intelligent guesses regarding diagnosis.

DIlATED SMAIL BOWEL

Mechanical Obstruction Resulting
in Distention

Adhesions
Dilatation of the small bowel occurs in a wide variety

of conditions, some associated with mechanical obstnlc­
iXln and others in which no obstructing lesion is present.
The most common obstructing lesion causing distention
of the mesenteric small bowel is an adhesion or band,
~ ually resulting from previolls abdominal surgery.
- pine plain films typicaBy show distended air-ftlled loops
of smaIJ bowel, identified by the linear folds traversing the
circumference of the bowe1lumen (valvulae conniventes
or plicae circulares). Distended loops may lay in a tiered
or stepladder pattern, and variable amounts of air are
present in the colon, depending on the level, grade, and
duration of the obstnlCtion. Distended small bowe1loops
containing mostly fluid (with little or no air) usually appear
::is a gasless abdomen on supine ft.lms.

On erect or lateral decubitus fIlms, the small amounts
of air rise within the dilated, fluid-fllled loops to form

a series of bubbles or short air-fluid levels ("string of pearls").
When more air is present, air-fluid levels are longer and
often appear at different heights within the same bowel
loop (differential levels) (Fig. 3-8). Significant (>1 em)
differential air-fluid levels almost always indicate mechani­
cal obstruction. Occasionally, minor degrees of differential
air-fluid levels may be seen early in a small bowel ileus
(Fig. 3-9).

To understand the concept ofdifferential air-fluid levels,
it is helpful if one considers what is happening in the smaIJ

Figure 3-9 Axial computed tomographic scan through lower
abdomen shows dilated small bowel in a patient with small bowel
obstruction.
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bowel during these pathologies. In the case of mechanical
obstnlction, there is initially increased amplitude and fre­
quency in the contractions of the small bowel in an attempt
to force the bowel content through the narrowed or
obstructed area. These contractions result in the classic
sounds heard when one applies a stethoscope to the
abdomen of a patient with bowel obstnlctioll-high­
pitched n1shes of fluid moving back and forth as the bowel
contracts. The fluid tends to move in both directions when
the bowel is working hard to overcome an obstnlction.
As a result, water is distributed unevenly, and when the
patient is put in the upright position, this uneven distribu­
tion of fluid gives the classic differential air-fluid level with
fluid levels at differing heights within the same ioop of
bowel. One can identify differential air-fluid levels only if
the levels are within the same loop of bowel. Otherwise,
differing levels can be seen in the bowel of patients with an
ileus. Early in an ileus, one may see a small differential air­
fluid level in the same bowel. Seeing differential air-fluid
levels in an ileus is not the usual case, however. As the
bowel wall contractions become more hypotonic and
eventually cease, there is little movement of fluid, and
water (always seeking its own level) is seen as nondiffer­
ential air-fluid levels when the patient is raised into the
upright position. In a high-grade prolonged small bowel
obstruction, the muscular contractions of the small bowel
eventually weaken and cease altogether, after which there
may be no differential air-fluid levels. In such cases, diag­
nosis can be difficult, and the radiologist must pay careful
attention to the distal bowel. If the small bowel is dis­
tended and fluid-filled, while the colon is collapsed or
of normal caliber, this is presumptive evidence of small
bowel obstnlction. Regardless, the evaluation of the distal
bowel is an important part of every evaluation of potential
small bowel pathology, either on routine anteroposterior
images or multidetector CT.

Differential or nondifferential air-fluid levels apply only
to the small bowel. The colon should be considered as one
continuous loop of tethered bowel, and whether it is
affected with the hypotonicity of an ileus or an obsnlcting
process, there often are differing fluid levels. As a result,
this sign is meaningless in the colon.

The use of water-soluble contrast material versus bar­
ium in the face of mechanical obstruction continues to
be a problem sometimes. A good rule of thumb is this:
If there is any evidence of obstruction, use barium. The
reasoning here is not complicated. When water­
soluble contrast material encounters dilated fluid-filled
loops of bowel, it dilutes into the enteric fluid and quickly
disappears. It may contribute to the further distention of
the bowel by its hypertonic nature, drawing additional
fluid across the mucosa into the lumen. Barium may
become dilute, but never disappears, and being inert
it does not draw fluid across the mucosal barrier.
Additionally, the use of barium may allow the radiologist

to determine the site or level of the obstnlCtion and the
degree of obstruction and in some instances may deter·
mine even the nature of the obstructing process. The use
of water-soluble contrast material for any small bowel
obstructive process beyond the fITst several feet of
jejunum is probably a waste of time. Also, most obstruc­
tions secondary to adhesions are seen distally.

Most small bowel obstnlCtions resulting from an adhe­
sion spontaneously resolve with nasogastric suction and
decompression. Continued or worsening symptoms may
lead to barium studies, however, to delineate the level,
cause, and severity of the obstruction. In an incomplete
small bowel obstnlction, a transition zone can be detected
between the dilated loops proximal to the obstruction and
the normal-ealiber loops distal to it. An adhesion appears as
a well-defined linear impression crossing the bowellwnen
at the site of obstruction or as the center of a star-shaped
collection of bowel loops all pointing at the same spot
(Fig. 3-10). TI,at spot, or the center of the star, is the
adhesion. Entrapment of a loop of bowel by one or more
adhesions may result in a closed-loop obstruction.

A single-eontrast enema (either barium or water-soluble
contrast material) is used by some radiologists to evaluate
for small bowel obstruction and to rule out the possibility
of a colonic obstnlCtion. It is necessary to rule out colonic
obstnlction, and this is done easily via this method.
To comment on small bowel obstrllction, however, it is
necessary to reflux contrast material through the ileocecal
valve. Refluxed contmst material into a collapsed or
normal-caliber terminal ileum in the face of proxinlal

Figure 3-10 Transition between diJated small bowel and normal­
caliber small bowel owing to adhesions (arrows) is seen.



~ bowel dilatation is presumptive evidence of small
- ..."et obstruction.

.!tlultidetector CT is becoming more useful for evalu­
.ii£m.g suspected small bowel obStnlction. In addition to

ibly determining the site of obstnlCtion, CT can
::nn-ide information about intramural and extraintestinaJ
~e, which may indicate the cause of obstruction.

Hernias
External and internal hernias containing small bowel
~ be associated with obstruction and proximal dis-

tion and, similar to adhesive bands, sometimes cause
L!Il5ed-loop obstruction. Inguinal hernias are common
,;od may contain a variable length of ileum. Paraumbilical
~as, incisional hernias involving the anterior or lateral
blominal wall, and spigelian hernias (caused by weakness
% the lateral aspects of the rectus abdominis muscles) all
~ contain loops of small bowel. Other unusual extenlaJ
~as include femoral, obturator, sciatic, peristomal, and
i:IDbar rypes.

Internal hernias usually represent defects in the mesen·
~ or peritoneum through which bowel has passed to
become sequestered and in some cases entrapped and
~wed.The peritoneal defects may be congenital, post­
~atic, or postsurgical. If the patient is not frankly

- tnleted, the symptoms can be nonspecific and diag­
:iJDSis challenging. These hernias include left and right
;nr.tduodenal (about 55%), pericecal (10% to 15%),
.* • men of Winslow (6% to 10%), transmesenteric (8%
m 10%), intersigmoid (4% to 8%), and perivesicular (1%
:D 3%) herniation (Fig. 3-11).

Hgnre 3-11 Note small bowel loops in the right upper quadrant
displacement of the duodenum. This patient has a paraduo­

..ir:Dal hernia.
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Figure 3-12 A loop of distal ileum (H) overlying the right pubic
bone lies in an inguinal hernia.

On contrast studies, hernias containing small bowel
may be indicated by abnonnal location or clustering of
loops (Fig. 3-12). Smooth extrinsic compression on the
loops as they enter and exit the hernia also is a useful
fInding on contrast studies. Supplementary exanlination in

the lateral position is usually necessary to detect herniation
through the anterior abdominal wall because this is easily
obscured on frontal films. CT is often useful in displaying
the abnormal location of herniated loops of bowel and
may define other hernia contents, including colon and
omentum (Fig. 3-13).

Figure 3-13 Computed tomographic scan shows an opacified
loop of bowel in a right inguinal hernia (arrow).
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Figure 3-14 CT shows fluid-filled small bowel loops (I) around
edematous mesentery (curved arrow). (From Goodman P, Raval
B: cr diagnosis of acquired small bowel volvulus. Am Surg 56:628,
1990.)

Volvulus
Small bowel volvulus occurs when a loop of bowel

twists around its mesenteric axis. Primary volvulus is
seen mostly in children as a result of intestinal malrotation,
whereas secondary volvulus occurs in adults and is asso­
ciated with preexisting factors, including adhesions, inter­
nal hernias, and tumors. Torsion of a bowel loop causes
constriction of its mesenteric vascular supply and often
results in ischemia or infarction if not treated promptly.
Plain films and barium studies are frequently nonspecific,
but CT is useful in showing dilated loops of small bowel
radially distributed around the twisted edematous
mesentery (Fig. 3-14).

Intussusception
Intussusception represents invagination or telescoping

of a bowel loop to form an inner loop (intussusceptum)
enclosed within an outer loop (intussuscipiens). The inner
loop and its associated mesentery may become edematous
and cause a small bowel obstruction. In adults, a tumor
or other mass acting as a nidus or lead point usually causes
small bowel intussusception, and symptoms are often
sporadic. On barium examination, small bowel intussus­
ception typically has a coil-spring appearance, denoting
barium trapped between the inner and outer loops of
bowel (Fig. 3-15). CT shows the inner loop and its mesen­
tery surrounded by the outer loop and may identify the
lead mass (Figs. 3-16 and 3-17).

Neoplasms
Various intrinsic primary and metastatic neoplasms

can occlude the small bowel lumen (Figs. 3-18 and 3-19).

NOIUleoplastic Strictures
Intrinsic inflammatory, infectious, and ischemic

processes can lead to stricture formation with distention

Figure 3·15 Small bowel intussusception shows intussusceptum
(arrows) and intussuscipiens (open arrows).

of proximal small howelloops. Postoperative anastomotic
strictures also may cause proximal obstruction.

Intraluminal Masses
Intraluminal masses may cause small bowel obstruction

by occluding the lumen. These masses most commonly
lodge at the ileocecal valve and include impacted foreign
hodies and gallstones (gallstone ileus).

In meconium ileus equivalent, inspissated fecal material
obstructs the distal ileum in children or adults with cystic
fibrosis. This complication may be prevented by routine
ingestion of pancreatic enzyme supplements.

Extrinsic Masses
Extrinsic inflammatory and neoplastic masses can

compress and obstnICt adjacent small buwel loops. This
obstruction is less important in the mesenteric small
bowel than in the duodenum, which is fixed and in close
proximity to many organs, including the pancreas, right
kidney, gallbladder, biliary tract, and lIver.

Colonic Lesions
Colonic lesions, particularly carcinoma of the ascending

colon or the region of the ileocecal valve, may result in
distended fluid-fJ.lled loops of small bowel with little or
no air in the colon. These loops mimic a distal small bowel
obstruction on conventional abdominal images, but are
easily evaluated with a barium enema.
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Figure 3-17 A, A young patient has an intussusception·like clinical pn;sentation. Rounded, fatty
density (arrows) is the lead point of a small bowel intussusception on noncontrast cr. B, Same
patient witll opacification of the small bowel shows the lead point of the intussusception as a
lipoma.

Distention without Obstruction
(Adynamic fieus)

Sprue
Small bowel distention also can occur in the absence

of a mechanical obstruction. Nontropical sprue (celiac
disease) is a mostly reversible condition caused by mal·
absorption of rlietary gluten found in wheat and bread.
Refract.ory cases of nontropical sprue exist. The associa­
tion of wheat and celiac disease in children was flfSt noted
in the Netherlands at the conclusion of World War II.
Because of the scarcity of wheat in the Netherlands during
the war, other grains were substimted in the making of
bread. Dutch physicians noted the improvement of the

effective imaging method to make the diagnosis of
appendicitis in any scenario.

B

B
Figure 3-16 A aod D, Two examples of small bowel intussusception in which invaginated small
bowel (inrussusceptium) is shown (arrows).

A

A

Appendicitis
Acute appendicitis typically has one of fout plain film

ntations, the most common being a normal abdom­
series. In some instances, there are findings of a focal

in the right lower quadrant. An even less frequent
~g is a radiopaque appendolith. Additionally, acute
:ppendicitis may present with an appearance of a distal

bowel obstruction on plain film images of the
men. This appearance probably is caused by the

S'lammatory process in and around the appendix being
cent to the distal ileum, resulting in an intense high·
e focal spasm in the distal ileum. If the appendLx is

~orated, the process may be a combination of true
srruction and spasm secondary to abscess and inflam·

·on. The clinical history and physical fmdings are
~y more defm.itive, however, than this unusual pre­

!il:'lItation on plain film. Multidetector cr is the most
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A B
Figure 3-18 A, Complete jejunal obstruction (arrow) with proximal dilatation. A duodenaJ
diverticulum is also noted (curved arrow). n, cr shows an irregular soft tissue mass (arrows) in
the anterior abdominal wall adjacent to a distended bowel loop (curved arrow). TIus represents
metastatic colon carcinoma.

Figure 3-19 Subtle findings of fold irregularity and mucosal
destruction (arrows) in the jejunum in an anemic patient with no
obstruction.

celiac patients during this time .md, in particular, took note
of the return of symptoms at the conclusion of the war,
when wheat became readily available again. Most patients
with immunological evidence of gluten enteropathy are
either minimally symptomatic or asymptomatic. As a
result, prevalence of the disease is lIsually a reflection of
patients sick enough to seek medical attention; in North
America, that is about 1:3000. The clinical presentation
includes diarrhea, steatorrhea, flatulence, and weight loss.

Of patients who are symptomatic enough to command
medical attention, the disease typically produces dilatation
of proximal small bowel loops secondary to hypersecre­
tion of fluid within the bowel; this is manifested as dilution
of the barium column. FloccuJation, segmentation, and
a moulage (fearureless or castlike) appearance of the bar­
ium column previously were considered classic features
of sprue, but are less often shown with the improved bar­
ium suspensions now widely available. An increase in
separation of jejunal folds suggests the bowel atrophy of
sprue and is best shown with enteroclysis technique, but
also commonly can be seen on 58FT examination. Sprue
is associated with an increased incidence of small bowel
intussusception, which occurs without a lead mass and is
rypically transitory and asymptomatic (Fig. 3-20). Other
complications of sprue include small bowel ulcerations
or strictures (ulcerative entetitis) and a slight increased



Egure 3-20 Classic coil-spring appearance in distal small bowel
.£.. 0'1: patient with sprue. Intussusceptions in sprue are usually
~ent.

~ (3% to 5%) for lymphoma and adenocarcinoma of the
~ ximal small bowel. These patients also have a slightly

.ncreased risk for small bowel lymphoma and adenoma
- x 3-2).

Tropical sprue occurs in certain tropical locations and
::::idiographically appears similar to nontropical sprue. In
...OOtrast to nontropical spnle, the tropical form is much
B)fe complicated and thought by some authors to be
.1SSOCiated with vitamin BI2 and folic acid deficiencies and
~oblasticanemia; others assert these conditions are

a cause, but a reflection of malabsorption in patients
"""d:l chronic bowel infection or enteric parasitic infesta­
:JIln. Tropical spnle may respond to folic acid or antibiotic
:!lerapy, but not to a gluten-free diet.

lactose Intolerance and Other
Hypersecretory States
Lactose intolerance is a common cause of malab­

'1X'ption in adults that results from acqUired deficiency
the enzyme lactase in the small bowel. After a

Box 3-2 Complications of Celiac Disease
(Nontropical Sprue)

.\Ialabsorption
lmussusccption
Clceration and strictures
Lymphoma
Adenocarcinoma
Carcinoma (squamous) of the esophagus
Hyposplenism
Cavitating lymph node syndrome
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lactose-containing meal, hypersecretion of fluid into the
small bowel causes luminal distention and symptoms of
bloating and cramps. Lactose intolerance is easily treated
by either eliminating dairy products from the diet or sup­
plementing the diet with commercially available lactase
enzymes. Other hypersecretory states, including Zollinger­
Ellison syndrome and cryptosporidial enteritis, likewise
may cause small bowel distention as a result of increased
fluid content.

Neuromuscular and Motility Abnonnalities
Various neuronulscular and motility abnormalities can

affect the small bowel and lead to luminal distention. The
best known of these is scleroderma (progressive systemic
sclerosis), in which smooth muscle atrophies and is
replaced by fibrous tissue (Fig. 3-21). In the mesenteric
small bowel, smooth asynunetric sacculations (pseudo­
diverticula) are sometimes seen. Crowding of folds ("hide­
bound bowel") is a characteristic finding of scleroderma
involving the small bowel. Traumatic spinal cord injuries
also can result in bowel dilatation, often on a chronic basis.

Chagas' disease, a parasitic infection common in Brazil,
can cause distention of the duodenum and mesenteric
small bowel by destroying the neural plexus. Associated
abnormalities are often seen in the esophagus, colon, and
heart.

Figure 3-21 Diffuse mild dilatation of the small bowel as seen
in scleroderma.
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Peritonitis or Severe Abdominal Pain
Peritonitis, severe abdominal pain, and recent abdomi­

nal surgery are important causes of adynamic ileus, a
condition characterized by decreased peristalsis of the
bowel. Supine abdominal films reveal distention of small
bowel, colon, or both, and upright films typically show
air-fluid levels to be at equal heights within the same bowel
loop (nondifferential air-fluid levels). Localized abdominal
pain caused by conditions such as appendicitis, cholecys­
titis, or pancreatitis may be associated with focal bowel
dilatation and focal air-fluid levels (sentinel loops).

Other Causes
Other causes of adynamic ileus include drugs (anti­

cholinergics, morphine), metabolic disorders resulting in
electrolyte imbalance, and previous vagotomy. Idiopathic
pseudoobstruction is a chronic fonn of adynamic ileus of
unknown origin. Ischemia reslilting from thromboembolic
disease, vasculitis, or low-flow states may decrease small
bowel motility and increase distention. Associated fold
thickening caused by intramural edema or hemorrhage
also may be present.

NARROWED SMALL BOWEL

Narrowing Resulting from Intrinsic
Abnormality

Narrowing of the small bowel lumen can result from
numerous intrinsic and extrinsic processes.

Crohn's disease
Crohn's disease (regional enteritis) usually is confmed

to the distal ileum and the colon, but mal' involve any
portion of the small bowel. Until the time Koch (1882)
identified the mberculosis bacillus as the cause of terminal
ileal disease in some patients and its absence in others,
regional enteritis was thought to be a bowel manifestation
of tuberculosis. Although a granulomatous transmural
inflammatory process, no organisms have been isolated,
and its cause continues to be elusive.

Early in the disease, spasm and edema associated with
ulcerations can cause luminal narrowing, and later in the
disease, continued inflammation and fibrosis often lead
to stricture formation (Figs. 3-22 and 3-23). Skip lesions
consisting of narrowed segments of smalJ bowel separated
by normal or dilated segments are sometimes noted. These
can produce bizarre radiographic findings, although clini­
cally the patient may not be symptomatic.

Neoplasms
Primary neoplasms of dle small bowel, including adem}­

carcinoma, lymphoma, leiomyosarcoma, and carcinoid
tumor, can cause focal narrowing of the lumen (Fig. 3-24).

Figure 3-22 Narrowing and mucosal irregularity of the disuJ
ileum (arrows) is associated with separation of bowel loops in
a patient with Crohn's disease.

Primary tumors do d1is by infiltration of the bowel wall
which is more typicaUy seen with carcinoma. Lymphomas
and sarcomas may narrow or dilate the lumen. Carcinoid
tumors narrow the lumen by their assodated desmoplastic
response, producing fibrosis 'md kinking. Metastatic spread
to the small bowel through contiguous, peritoneal, or
hematogenous routes also can lead to one or more areas
of narrowing (Fig. 3-25).

Zollinger-Ellison Syndrome
lnvolvement of the distal duodenum and proximal

jejunum is uncommon in peptiC ulcer disease, but some­
times occurs in severe ulcer diathesis, as seen in Zollinger­
Ellison syndrome, because of the increased aCidity in the
proxin131 smaU bowel.

Ischemia and Radiation
Small bowel ischemia can cause luminal narrowin

secondary to spasm, intramural edema (Fig. 3-26) or
hemorrhage, or stricture formation. Similar fmdin~

are sometimes seen after radiation and are caused
by endarteritis and subsequent small bowel ischeIIli2.
(Fig. 3-27).



A
Figure 3-23 A, cr shows thickened wall (arrows) of distal ileum in a patient with Crohn's
disease. B, Changes of Crahn's disease in the terminal ileum include thickened wall (wbite anuws),
narrowed lumen (black an-ow), and linear stranding into the peri-ileal fat (an"OllJbeads).

Figure 3-24 I~lrge polypoid mass in the ileocecal region is
ausing narrowing of the terminal ileum (arrows) and represents
-..:m-Hodgkin's lymphoma.

Figure 3-25 Metastatic disease from lung infiltrating jejunum is
seen, with wall thickening (arrowheads) and narrowed lumen
(arrows).

Figure 3-26 TIus patient has small bowel edema of the wall with
~targct sign" (arrows).

115
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Figure 3-27 Narrowed, featureless segment of small bowel is a
sequela of ischemia.

Drug-Induced Narrowing
Various dnlgs have been associated with small bowel

narrowing because of their local toxic effects. These
include potassium chloride tablets and floxuridine and
other related chemotherapeutic agents.

Postoperative Narrowing
Narrowing at surgical anastomoses usually is related to

edema in the immediate postoperative period and fibrosis
with stricture fOnTIation later on.

Volvulus and Intussusception
In small bowel volvulus, narrowing results from torsion

of a loop of bowel, whereas in intussusception, edema
of the intussuscepted loop and its mesentery causes
narrowing.

Infection
Several infectious agents can cause small buwel nar­

rowing. The protozoan Giardia Lamblia may cause nar­
rowing secondary to thickening of folds in the
duodenum and proximal jejunum. The roundworm
Strongyloides stercoralis (Fig. 3-28) causes similar find­
ings and may cause tubular narrowing of the bowel
lumen resulting from spasm or stricture formation
(Table 3-1).

Tuberculosis of the small bowel caused by
Mycobacterium tuberculosis may result from drinking

Figure 3-28 SBFf examination shows thickened folds (arrows)
and areas of diminished luminal caliber (arrowlJeads).

unpasteurized milk or swallowing infected sputum. TIle
ileocecal region is most often involved, with narrowing
sometimes causing marked distortion of this area. As
previously mentioned, smaJJ bowel intestinal tuberculosis
may be difficult to distinguish from <;::rohn's disease. Other
infections in whJch fold thJckerung and luminal narrow­
ing are usually localized to the distal ileum include
Campylobaeter fetus jejuni, Yersinia enterocolitiea,
and Salmonella typbi (typhoid fever). Anisakis, a small
roundworm tr.:msmitted by eating raw fish, has been
reported to cause narrowing of the jejunum or ileum sec­
ondary to spasm and ulceration.

Cytonlegalovinls (CMV) enteritis occurs with increased
frequency in inununocompromised patients, especially
patients with acquired immunodeficiency syndrome
(AIDS). CMV enteritis can cause diffuse small bowel nar­
rowing, ulcerations, and effacement of folds. Associated
esophagitis, gastritiS, or colitis also may be present in
patients with disseminated CMV infection.

Graft-versus-Host Disease
Graft-versus-host disease is a potential complication

of bone marrow transplantation in immunocompromised
patients and represents rejection of the patient's own
tissues by the donor bone marrow lymphocytes. Diffuse
narrowing of the small bowel with effacement of folds
has been compared with the appearance of ribbon or
toothpaste, hence the "ribbon sign."
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Table 3-1 Infectious and Parasitic Diseases of the Small Bowel

Genus/Species or Expanded Name Origin Area of Involvement

Bacteria
Im;lIia YersiPlia ellterocolilica ~later Tenninal ileum
Tuberculosis ,Uycobacten·unl ItIberculosis l\lilk, pulmonary Distal small bowel

Mycobacten·utn avlum·i"tracellulare Soil Entire small bowel

D!senteI)' Salmonellu typhi Watcr. food Distal small bowel
Sbigella dysenter;ae Water, food Distal small bowel

Helicobacter Helicobacter jetus jejuni Ingested Distal small bowd

Vims
Herpes Herpes simplex Person Distal small bowel

OlY Cytomegalovirus Person Entire small bowel
mv Human immunodcficicncr virus Person Entire smaU bowel

Fungus
Bbstomycosis Paracoccidioides brasiliensis Soil Distal small bowel
Histoplasma Histoplasma capsulatum Pulmonary Entire small bowel

Candida Candida albicaus Ingested Entire small bowel

Protozoan
Cryptosporidiosis Oyptosporidium enteritis Water Proximal small bowel

Isospora belli Water Proximal small bowel
Giardiasis Ciardia lamblia Water Proximal small bowel
\mebiasis Entamoeba bislolytlca \Vater Proximal small bowel

;\/arrowing Resulting from
Extrinsic Abnormality

Adhesions
Extrinsic narrowing of the small bowel is usually

:dated to an adhesion and probably ranks as the primary
cruse of small bowel obstnlctioll. TIle adhesion usually
:<t:SUlts from prior surgery or inflammatory conditions of
:he abdomen, with fibrous bands of tissue developing in
:he peritoneal cavity as a result (Fig. 3-29). Adhesions are
=reely detected by any of the imaging methods, and their
"",sence is inferred from the clinical history and lack of
'llher findings on radiographic studies.

Hernias
Hernias are a frequent cause of small bowel obstruc­

00-0. The hernia itself does not produce the problem.
-read, the size of the opening into the hernia has a

:Significant effect on any bowel loops passing through
The smaller the opening, the more likely that lOOps
bowel entering it will be affected. The bowel

-.mien, and possibly vascular supply, becomes more
-ily compromised by a small opening, resulting in

obstruction.

serosal Metastases and Other Extrinsic Masses
Various extrinsic masses can compress and narrow

ate small bowel lumen. The most common of these are

serosal metastases. The primary tumor usually arises within
the abdomen, most commonly ovarian or gastric cancer.
Extraabdomina1 tumors, such as breast or lung, can pro­
duce intraperitoneal deposits of tumor, causing multifocal
areas of narrowing. \Vhenever muJtiple areas of obstruc­
tion are encountered, metastatic tumor should be a
primary consideration. Other abdominal masses, such as
cysts and mesenchymal tumors, also can produce narrow·
ing of the small bowel by extrinsic compression (Fig. 3-30).

-

Figure 3-29 The distal small bowel is narrowed and kinked
owing to adhesions.
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Figure 3-30 Extensive narrowing of distal small bowel is
secondary to extensive mesenteric involvement by lymphoma.

NARROWED TERMINAL ILEUM

The category of a narrowed terminal ilemn deserves
a separate discussion because it is one of the more
common abnormalities encountered during small bowel
examinations.

Crohn's Disease

In most practices, CroM's disease is the most common
cause of terminal ileal narrowing. This narrowing can be
due to either active disease with ulceration or chronic
disease with fibrosis. The classic term "string sign," origi­
nally applied to Crohn's disease, refers to a narrowed
terminal ileum with displacement of the adjacent bowel
loops (Box 3-3). The encroachment of hardened mesen­
teric fat on the chronically inflamed bowel ("fingers of fat")
(Fig. 3-31) may contribute to some degree to narrowing,
but overall it is a secondary cause.

Box 3-3 Complications of Crohn's
Disease

Strictures and obstruction
Fistulas and sinus tracts
Perfomtion and abscesses
Malignancy (adenocarcinoma, rarely lymphoma)

Figure 3~31 Thickened irregular terminal ileum with low-density
areas of fat (an'ows) on outer surface of bowel wall is seen.

"Backwash ileitis" (Fig. 3-32) from ulcerative colitis
never produces narrowing of the tenninal ileum, even
after healing. The appearance is that of a mildly dilated
terminal ileum with atrophy of the folds. MUd inflamma­
tory changes have been reported.

Figure 3·32 ~Backwash ileitis" in a patient with ulcerative colitis
shows dilatation and atrophy of the tl:rrninal ileum.



Infection

The next most common cause for narrowing of the
3:mlinal ileum is usuaUy some type of infectiolls process.
Tuberculosis can produce changes in the terminal ileum
- tare identical to Crohn's disease (Fig. 3-33), but in the

pn:::sence of acid·fast bacterium. Tuberculosis is usually
encountered in large cities in which there is a large
mmigrant population or in persons who travel overseas.
~ the last 2 decades, there has been an upsurge of

rointestinal tuberculosis as a result of the AIDS
qBdemic. A patient with gastrointestinal tuberculosis

t always had some degree of pulmonary mberculosis
~ recent times. Tod'lY, most patients with gastrointesti­
:aaI tuberculosis have normal chest x-rays.

Another infectious process that also frequently appears
~ Yersinia enterocolitica, a gram-negative rod more com­
.D:>nly seen in Europe than in North America The infec­
imn tends to be more common in children and is
~-limiting. This bacterial infection sporadically can infect
~ terminal ileum and can produce a radiological picture
ilmilar to Crohn's disease (although fistulous tracts are not
~ in Yersinia). The infection produces inflammatory
~ges in the terminal ileum that usually resolve over a
~ weeks or months. Many other infections of the bowel
em involve the terminal ileum and produce inflammatory
.eb:anges with narrowing. These often involve the rest of
7Ile small bowel, however, and typically are not isolated
- the terminal ileum.

:'IIeoplasms

Lymphoma is more frequent in the distal small bowel
ZKi is the most common neoplastic process to involve the

Hgure 3-33 Narrowed and ulcerated terminal ileum and cecum.
~ugh this is due to tuberculosis, the changes are identical to
liIose seen in Crohn's disease.
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Figure 3-34 A short segment of narrowing of the terminal
ileum results from lymphoma.

terminal ileum. It can infiltrate through the bowel wall,
producing narrowing and irregularity or nodularity of the
folds (Fig. 3-34), although it seldom obstructs (Fig. 3-35).
Carcinoid also occurs in that region. The narrowing it
produces is related to the desmoplastic changes that occur
in the adjacent mesentery. The ileum is also a common
area for metastases, particularly from serosal spread of
intraabdominal tumors (Fig. 3-36); this is related to the
flow of ascitic fluid in the abdomen. Ovarian and upper
abdominal tumors have been known to produce marked
narrowing of the terminal ileum. Tumors of the cecum
or ileocecal valve Gill extend in a retrograde fashion to
involve the terminal ileum. Rarely, primary carcinoma of
the small bowel could occur in the region.

Extrinsic Masses

The pelvis and right lower quadrant are frequent sites
for abscesses or intraabdominaJ masses or tumors.
Because the terminal ileum is on a relatively short
mesentery, it is not as free to move as the rest of the
intestines, and the terminal ileum may become second­
arily involved by these adjacent processes. When the
terminal ileum abuts an abscess, such as can be



Infection

The next most common cause for narrowing of the
iaminal ileum is usually some type of infectious process.
.......uberculosis can produce changes in the terminal ileum
:nat are identical to Crohn's disease (Fig. 3-33), but in the
presence of acid-fast bacterium. Tuberculosis is usually
encountered in large cities in which there is a large
~igra.ntpopulation or in persons who travel overseas.
ii1 the last 2 decades, there has been an upsurge of

suointestinal tuberculosis as a result of the AIDS
epidemic. A patient with gastrointestinal tuberculosis
:rlmost always had some degree of pulmonary tuberculosis
..mtil recent times. Today, most patients with gastrointcsti­
':"tal tuberculosis have normal chest x-rays.

Another infectious process that also frequently appears
- Yersinia enterocolitica, a gram-negative rod morc COffi­

:moo!y seen in Europe than in North America The infec­
000 tends to be more common in children and is
5£'if-limiting. 1his bacterial infection sporadically can infect
the terminal ileum and can produce a radiological picture
.similar to Crohn's disease (although fiSUllous tracts are not
~n in Yersinia). The infection produces inflammatory
dtanges in the terminal ileum that usually resolve over a
h- weeks or months. Many other infections of the bowel
.an involve the terminal ileum and produce inflammatory
dlanges with narrowing. These often involve the rest of
the small bowel, however, and typically are not isolated

the terminal ileum.

Neoplasms

Lymphoma is more frequent in the distal small bowel
:md is the most common neoplastic process to involve the

ii:gure 3-33 Narrowed and ulcerated terminal ileum and cecum.
Wlough this is due to tuberculosis, the changes are identical to

- seen in Crohn's disease.
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Figure 3-34 A short segment of narrowing of the terminal
ileum results from lymphoma.

terminal ileum. It can infiltrate through the bowel wall,
producing narrowing and irregularity or nodularity of the
folds (Fig. 3-34), although it seldom obstructs (Fig. 3-35).
Carcinoid also occurs in that region. The narrowing it
produces is related to the desmoplastic changes that occur
in the adjacent mesentery. The ileum is also a common
area for metastases, particularly from serosal ~pread of
intraabdominal tumors (Fig. 3-36); this is related to the
flow of ascitic fluid in the abdomen. Ovarian and upper
abdominal tumors have been known to produce marked
narrowing of the terminal ileum. Tumors of the cecum
or ileocecal valve can extend in a retrograde fashion to
involve the terminal ileum. Rarely, primary carcinoma of
the small bowel could occur in the region.

Extrinsic Masses

The pelvis and right lower quadrant are frequent sites
for abscesses or intraabdominal masses or tumors.
Because the terminal ileum is on a relatively short
mesentery, it is not as free to move as the rest of the
intestines, and the terminal ileum may become second­
arily involved by these adjacent processes. When the
terminal ileum abuts an abscess, such as can be
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Figure 3-35 Large lymphoma involving the jejunum without
evidence of obStruction. Note example of bowel replacement with
tumor (arrows) and aneurysmal dilatation.

encountered with a periappendiceal abscess, the
terminal ileum narrows and becomes spastic (Fig. 3-37).
These changes may mimic Crohn's disease or other
inflammatory processes. Ternlinal ileal narrowing also
can be seen in mesentelic panniculitis and pseudomyx­
oma peritonei.

Figure 3-36 Axial computed tomographic scan shows malignant
ascites (arrows) and attachment of peritoneal metastatic disease
to small bowel (mTow/)eads).

Figure 3-37 Patient with periappendiceal abscess resulting in
narrowing and ocdusion of the temlinal ileum has the appearance
of a small bowel obstruction (arrows).

TIllCKENED FOLDS

Fold thickening is characteristic of a variety of abnor­
malities affecting the small bowel. In some conditions,
folds appear uniformly or regularly thickened, whereas
in other conditions, thickening is nodular or irregular.
Fold thickening also can be focal or diffuse, depending
on the underlying disease or the extent or severity of the
disease. These features provide a pattern-based approach
to the differential diagnosis of thickened small bowel folds.

Uniformly Thickened Folds

Intramural Hemorrhage
Uniformly thickened small bowel folds are typical

of intramural hemorrhage. In these conditions, blood or
transudate infiltrates into the submucosal layer of the
bowel wall. As the folds become thicker, the space
between adjacent folds becomes shorter, with the overall
appear.tnce likened to a stack of coins (Fig. 3-38). Small
bowel hemorrhage is caused by various insults, including
hemophilia, mesenteric ischemia or infarction, vasculitis,
coagulopathy, anticoagulant medications, and tr.auma.
Unusual disease entities, such as Henoch·Schonlein pur­
pura and idiopathic thrombocytopenic purpura, also can
have this appear.ll1ce (Fig. 3-39). The changes typically



figure 3-38 Thickened folds and luminal nalTowing represent
xgmental small bowel hemon'hage caused by oral contraceptive
drug.

FJgUce 3-39 A 51-year-old woman with Henoch-Schonlein
~ura and bleeding into the wall of most of her ileum is seen.
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involve a short segment of bowel and rarely involve the
entire bowel. This segmental involvement along with the
appropriate clinical history helps differentiate it from
edema.

Edema
Edema of the small bowel may complicate mesenteric

ischemia or infarction, congestive heart failure, and
hypoproteinemia (resulting from hepatic, renal, or gas­
trointestinal disease). Edema probably is seen most fre­
quently in patients with end-stage liver disease because
of a combination of hypoproteinemia and portal venous
congestion (Fig. 3-40). Angioneurotic edema is an unusual
cause of small bowel edema. In this disease, an autosomal
domininant genetic defect in the complement inactivation
system can trigger episodes of transudation of fluid rapidly
into extravascular spaces, resulting in small bowel edema,
hives, and life-threatening laryngeal edema. Between
attacks of angioneurotic edema, patients are asymptomatic
and the small bowel folds appear normal.

Lymphangiectasia represents dilatation of intestinal
lymphatic channels, resulting in inadequate lymph
drainage. It is seen most commonly distally in the small
bowel and is seen mostly as uniform fold thickening. In
some cases, it may have a slightly more irregular fold
appearance and appear radiologically similar to Whipple's
disease, which, by comparison, tends to occur more
proximally in the small bowel. There also can be an asso­
ciated hypoproteinemia. The disease may be congenital
or acquired ::md typically shows diffuse thickening of small
bowel folds (Fig. 3-41). Other causes of small bowel
edema that are associated with nonuniform or nodular
fold thickening are discllssed later in this section.

Figure 3-40 Widespread edema of the small bowel and colon is
seen.
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Figure 3-41 Diffuse small bowel fold thickening is represented,
as seen in lymphangiectasia.

Radiation
Radiation to the abdomen or pelvis can lead to endar·

teritis in small bowel loops within the radiation port.
Similar to other forms of ischemia, radiation enteritis
causes uniform thickening of small bowel folds.

Eosinophilic Enteritis
Eosinophilic enteritis is characterized by excessive

eosinophilic inftltration of the gastrointestinal tract and
degranulation of these cells. TIle granular protein content
of these cells has been shown to cause tissue damage. The
exact cause of infiltrdtion and degranulation is unknown.
Food allergies, parasitic inftltration, and defects in the
gut epithelium that invite eosinophilic congregation have
been postulated. ills disease most often affects the stom­
ach or small bowel and may be u·'J.nsmural or confIned to

the mucosa, muscularis, or serosa. \Vith primary mucosal
involvement of the small bowel, folds often appear thick­
ened. The thickening may be uniform or nodular, focal
or diffuse. Associated fold thickening or luminal narrowing
of the gastric alltnun and proximal duodenum also may
occur. Peripheral eosinophilia and a history of allergy may
suggest the diagnosis of eosinophilic enteritis, and are
present in about 80% of cases.

Radiological fmdings are nonspecific, and there mayor
may not be gastric involvement. Thickened folds are seen
throughout small bowel (and possibly the stomach). The
bowel may be mildly dilated, and some nodularity of the

fold pattern may be present. Jejuneatization of the ileum
has been reported associated with this ctisease. cr may
show thickened bowel wall and possibly some free
intraperitone411 fluid resulting from "seepage" from the
serosal surface.

Abetalipoproteinemia
Abetalipoproteinemia is a rare genetic disease, probably

autosomal recessive, in which abnormal lipid metabolism
leads to fat malabsorption, cerebellar degeneration, and
acanthoeytosis (pointed red blood cells). Deposits of fat
in epithelial cells of the duodenum and jejunum produce
uniform or nodular thickening of folds with relative spar­
ing of the ileum. Similar findings have been noted in small
bowel xanthomatosis, an extremely rare condition in
which lipid-laden macrophages infiltrate the bowel wall.

Nodular or Irregularly Thickened Folds
(Focal and Diffuse)

In contrast to the straight thickened folds typical of
intramural hemorrhage, nodular or irregular fold thicken­
ing is featured in numerous diseases affecting the small
boweL In some, involvement is primarily focal or seg·
mental, whereas in others, the small bowel is diffusely
abnormal.

Whipple's Disease
Since 2000, \Vhipple's disease, previously thought to

be a chronic systemic disease of unknown origin, has
been the target of numerous microbiological and immu·
ffiunological stucties. Considerable suspicion has fallen
on the bacterium Tropher)J1na. whippelii. Besides protein
loss, diarrhea, and malabsorption, seen in the small bowel
involvement, the disease also manifests systemically as
joint pain and swelling, fever, skin pigmentation abnor­
malities, and dementia. In the proximal small bowel,
Whipple's disease causes nodular thickened folds in the
duodenum and proximal jejunum (Fig. 3-42). Macrophages
containing abtmdant periodic acid-Schiff-positive material
are found throughout the lamina propria layer of the
bowel wall, and characteristic rod-shaped, gram-positive
bacilli (T whippelit) have been identified within these
cells. Whipple's disease occurs mostly in middle-aged Olen;
presenting symptoms include diarrhea, arthralgias, fever,
and adenopathy. The pleura, pericardium, and central
nervous system also may be involved. Long-tenn treatment
with antibiotics is often curative (Box 34).

Infection
Numerous organisms can affect the snlall bowel and

many cause nodular fold thickening, including bacteria,
vimses, protozoa, worms, and fungi (see Table 3-1).
Over-Ill, the changes rhey produce in the small bowel are
sinlilar, and it is typically impossible to distinguish ti,e



Figure 3-42 Diffuse small bowel fold thickening represents
T'hipplc's disease.

different organisms by their radiographic appearance
ficept for a select few. Sometimes the distribution of
<be abnormalities can help in narrowing the possibilities.
The parasites Strongyloides and Giardia usually are local­
ized to the duodenum and proximal jejunum (Fig. 3-43).
_\ similar appearance has been described in hookworm
infestation (ancylostonliasis). Focal involvement of the

Box 3-4 Whipple's Disease

Occurs predominantly in middle-aged men
Clinical symptoms include diarrhea, arthralgias, fevers,

and neurologic symptoms
Glycoprotein-laden macrophages in bowel wall (periodic

acid-Schiff stain positive)
Tropberyma wbfjJpelii bacilli also evident in bowel

wall and thought to be causative agent
Also may affeet hean valves, central nervous system,

and joint capsules
Potentially fatal, but responds dramatically to antibiotics
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Figure 3-43 Diffuse, irregular small bowel fold thickening in
a patient with giardiasis is seen.

distal ileum suggests ulberculosis, typhoid fever, and
Yersinia or Campylobacter enteritis.

In AIDS, otherwise unusual types of small bowel
infections occur frequently, with most causing focal or
diffuse thickening and nodularity of folds. Etiologies
include CMV, Mycobacterium avium-intracellulare,
Cryptosporidillm, and Isospora belli (Figs. 3-44 and 3-45,
Box 3-5).

Thickened folds in eosinophilic enteritis and
abetalipoproteinemia can appear straight or nodular.
Involvement in eosinophilic enteritis may be focal or
diffuse, whereas in abetalipoproteinemia, the ileum is
usually spared.

Crohn's Disease

Crohn's disease of the small bowel may show coarsely
thickened folds. This represents edema or inflammation.
Although it is typically in the terminal ileum, other por­
tions of the bowel may be involved, even with sparing of
the tenminal ileum. Associated findings include ulcerations,
eccentric involvement, and skip lesions.

Lymphoma
Nodular thickened folds are one of many manifestations

of small bowel lymphoma. The infiltration of malignant
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Figure 3-44 TI1is represt:nts diffuse small bowel fold thickening
causcd by AI. avlton-intracellulare in a patient with AIDS.

Figure 3·45 PaLiem with AIDS and involvement of the small
bowel. Note thickened wall (anuws).

Box 3-5 Manifestations of AIDS in
the Small Bowel

Thickened folds-usually a manifestation of infection,
occasionally Kaposi's sarcoma

Masses-malignancy, either lymphoma or Kaposi's
sarcoma

Bull's-eye lesions-metastatic Kaposi's sarcoma
Adenopathy-neoplastic, dther lymphoma or Kaposi's.

sarcoma
Infectious-,"'!. avillm-itltracellulm'e

lymphocytes into the mucosal and submucosal layers of
the bowel wall may be. focal or diffuse.

Mastocytosis
Mastocytosis is an uncommon disease characterized

by the proliferation of histamine-secreting mast cells.
Although often localized to the Skill (urticaria pigmentosa),
the disease also may involve lymph nodes, liver, spleen,
and bone (osteoblastic lesions). Gastrointestinal tract
involvement produces fold thickening and nodularity
throughout the small bowel and occasionally in the distal
stomach. Episodes of flushing, pnlritus, headache, and
diarrhea may occur after the release of histamine from
the mast cells (Fig. 3-46). The classic presentation of
mastocytosis for the radiologist is that of images of SBn
with thickened, irregular small bowel folds and white,
sclerotic bones in the background.

Eosinophilic Enteritis and Graft·versus-Host
Disease
Eosinophilic enteritis and graft·versu,s..host disease can

cause a similar altemtion of the small bowel fold pattern.
TIlese changes are typically more diffuse.

Amyloidosis
Amyloidosis is a systemic disease in which extracellular

deposits of amyloid occur throughout the body, including
the gastrointestinal tract. Small bowel folds may appear
diffusely thickened and nodular. This disease most often
occurs in patients with underlying multiple myeloma or
chronic inflammatory conditions, but sometimes may be
primary in nature.

Edema
Small bowel edema, although typically causing uniform

fold thickening, is sometimes associated with coarsened
or nodldar thickened folds. In Zollinger-Ellison syndrome.
the markedly elevated levels of gastric acid result in seven:
inflammation and edema of the proximal duodenum and
may cause similar findings in the distal duodenum and
proximal jejunum. Nodular thickened folds also are
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A B
Figure 3·46 A, Nodular, asymmetricil fold thickening of the duodenum from mastocytosis
is seen. B, Note sclerotic bones (arrows).

edematous small bowel adjaceot to an inflammatory
; this can involve the jejunum (pancreatitis) or ileum

2f>pendicitis, tuboovarian abscess).

Waldenstrom's Macroglobulinemia
Waldenstrom's macroglobulinemia, a rare disease

GLused by proliferation of Igt\1-producing plasma cells,
\' involve the small bowel. Diffuse fold thickening and

tiny mucosal nodules result.

DIMINISHED OR EFFACED FOLDS

Loss of the normal small bowel fold pattern results in
3. tubular appearance that may be focal or diffuse. This
ppearance is not always the result of actual loss of the

mlds, but in some conditions the folds become so thick­
med that no barium can penetrate between the valvu­
lae. and the folds no longer become discernible. TillS
condition is often associated with thickening and rigidity

f the bowel wall. It may be preceded by focal or diffuse
fold thickening and can be considered at the end
of the spectrum of small bowel fold thickening.

Complete absence ofany folds is often tenned a "moulage"
pattern.

Infection

Several infectious agents can cause effacement of
small bowel folds and narrowing of the lumen. In CJ';!V
enteritis and cryptosporidiosis, small bowel involvement
is typically diffuse, whereas in strongyloidiasis, disease
is localized to the duodenum and proximal jejunum
(Fig. 3-47).

Graft-versus-Host Disease

In graft-versus-host disease, donor lymphocytes from
a bone marrow transplant attack host tissues. The gastro­
intestinal tract is usually affected, and a tubular appear­
ance of the small bowel is frequently noted (Fig. 3-48)
secondary to infiltration and edema of the bowel wall.
This condition is a good example of when the apparent
loss of fold pattern is actually due to severe fold thick­
ening, not allOWing any barium to pass in between the
folds (ribbon sign).
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Figure 3-47 Tubular distal ileum (an-ows) resulting from CIVIV
enteritis in a patient with AIDS is seen.

Sprue

Sprue (celiac disease) is associated with a decrease in
the number of folds per inch in the duodenum and prox­
imal jejlU1um. Occasionally, folds may be absent, resulting
in a tubular-shaped lumen. Ln contrast to most other causes
of diminished small bowel folds, however, spnle may
produce luminal dilatation rather than narrowing.

Crohn's Disease

In Crohn's disease, small bowel loops may appear
featureless and narrowed secondary to edema or fibrosis.
The length of bowel involved varies, but the condition is
often seen in long-standing disease (Fig. 3-49).

Sclerodenna

Scleroderma results in fibrotic changes in the bowel
wall. Usually the fold pattern is more prominent because
of the combination of tlbrosis and crowding of the valvu­
lae (hidebound small bowel). In severe end-stage disease,
the small bowel loops become featureless with a dimin­
ished fold pattern.

Other Causes

Small bowel ischemia or infarction sometimes causes
effacement of the fold pattern. Dilatation or narrowing of
the lumen and scalloping of the bowel wall (thumbpdnt­
ing) also may be noted. Similar findings in radiation
enteritis reflect the underlying endarteritis and subsequent
ischemia.

Toxic chemicals, introduced either by direct ingestion
(potassium chloride tablets) or by vascular infusion (flox­
uridine and related chemotherapeutic agents), can reduce
or eliminate small bowel folds. A tubular-appearing small
bowel may result from infIltration of the bowel wall. This
appearance has been described in amyloidosis, lymphoma,
and other infiltrative diseases.

Featureless dilatation of the terminal ileum (backwash
ileitis) sometimes occurs in patients with chronic ulcer­
ative pancolitis. A similar finding can result from long-term
cathartic abuse (cathartic colon). In both conditions, the
ileocecal valve is patulous (see Fig. 3-32).

Figure 3-48 Diffuse effacement of small and large bowel fol@
in a child with graft-versus-host disease. Note ribbon-like appearance
of small bowel.



.figure 3-49 Featureless terminal ileum and cecum from long­
~ding ulcerdtive colitis is seen.

TINY NODULES

Discrete tiny nodules in the small bowel are sometimes
~'Ociatedwith thickened folds. This pattern is seen in
Thipple's disease, mastOCj~osis, Waldenstriim's macroglob­

entia, and small bowel infection (Yersinia enteritis,
.Jl. aVium-intracellulare, disseminated histoplasmosis).

Tiny nodules also can be seen in the absence of fold
;bickening. In nodular lymphoid follicular pattern, promi­
~t lymphoid follicles in the small bowel wall appear as
""y, round, uniform nodules (Fig. 3-50). This condition is

- en termed lymphoid hypetplasia, but it is not really
-;xnbologic, and it is not always associated with a disease.
7nis condition is a normal fmding in children and young
A1ults, especially in the terminal ileum, where lymphoid
- ue is most abundant. It is encountered as a nonnal
~ding in older adults with no underlying disease. The
:anall bowel folds appear normal in these patients. Fold
~!ckening is often present in older patients with diffuse

ular lymphoid hyperplasia associated with immuno­
ulin deficiency or giardiasis of the small bowel.
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SOliTARY MURAL MASSES

Malignant Tumors

Adenocarcinoma
Adenocarcinoma, although the most common pri­

mary malignant neoplasm of the duodenum, occurs with
decreasing frequency from the proximal jejlffium to distal
ileum. It arises in the mucosal layer and typically infiltrates
the bowel wall to cause a short annular narrowing with
mucosal destnlction, circumferential wall thickening, and
overhanging margins (Fig. 3-51). If encountered in its early
stages, small bowel adenocarcinoma appears as a poly­
poid intralurrtinal mass. Clinical symptoms associated
with adenocarcinoma include obstruction, bleeding, and
abdominal pain. Because it often does not produce early
symptoms, obstruction is the most frequent presentation.
An increased incidence of adenocarcinoma has been noted
in the duodenum and prOXimal jejunum (Fig. 3-52) in
patients with celiac disease and in the ileum in patients
with Crohn's disease (Table 3-2).

Figure 3-50 Multiple small, unifonn nodules in the terminal ileum
of a 17-year-old patient represent nodular lymphoid hyperplasia.
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Figure 3-51 Annular lesion of small bowel from primary adt;oo­
carcinoma is seen.

Gastrointestinal Stromal Cell Tutnors
Leiomyosarcoma of the small bowel arises in the

muscular or submucosal layer and grows either away
from the lumen (exoenreric) or toward it (encto­
enteric) (see Table 3-2). Malignant stromal cell tumors
(leiomyosarcomas) are more COIDnlon in the jejunum and
ileum than in the duodenum and account for approxi­
mately 9% of primary malignant neoplasms of the small
bowel (Fig. 3-;3).

Table 3-2 Neoplasms of the Small Bowel

Figure 3-52 Obstructing adenocarcinoma (arrows) is seen in
the proximal jejunum.

Exoenteric lesions often produce few symptoms until
they have attained a large size and have outgrown their
blood supply. Central necrosis and cavitation of the tumor
lead to ulceration and hemorrhage into the adjacent bowel
lumen. Contrast studies may show either extrinsic com­
pression of bowel loops by the large intramural mass or an
irregular collection of barium within the necrotic portion
of the tumor itself. IT is useful in shOWing the enhancing
peripheral component and the necrotic or gas-containing
central component of the lesion.

Type

Malignant
AJcnocarcinoma
Lymphoma

Carcinoid

Lt:iomyosarcoma

l\ktasLaScs

Benign
Leiomyoma
Adenoma
Lipoma
Neurofibroma
Hemangioma

Location

Usually jejunum
Usually ileum. but can occur anywhere

Usually ileum

Anywhere
Anywhere

Usually jejunum
Usually ileum
Usually ileum
Usually ileum
An}'Where

Characteristics

Mass or annular lesion
Variable appearance from SOlitary to multiple nodules,

strictures or dilatation, mesenteric masses
Nodule or mass, bowel kinking and mass effect; variable

maUgnancy; can be mulriplc
Mass, often extending extr:tluminally
Single or multiple intraluminal polyps, mur.u masses,

intussusception, ulcer.l.tion

Solitary mass; variable ulceration
Solitary intraluminal polyp; may intussuscept
Same as adenoma
Luminal or submucosal polyp
Sessik polyps, ph..kboliths



Figure 3-53 Large stromal cell tumor of the jejunum (arrows).
~[e the exophytic growth of this large lesion.

The endoenteric form of small bowel leiomyosarcoma
usually appears as a compressible intraluminal mass. TItis
mass may cause bleeding, intussusception, or obstruction.
~la.lignant stromal cell tumors may be difficult to distin­
guish from benign tumors radiographicaUy and histolog­
!cally. Metastases usually occur through hematogenous
spread to the liver or lungs.

Lymphoma
lymphom_a affects the small bowel more often than

3Il}" other portion of the gastrointestinal tract; this usu­
.nIy represents secondary involvement by non-Hodgkin's
.'rn1phoma and occurs with greatest frequency in the distal
zum because of the predominance of lymphoid tissue
mere (Box 3-6). Small bowel lymphoma has a variety of
radiographic appearances, including fold thickening
iX effacement, luminal narrowing, aneurysmal dilatation,
diffuse nodularity, and extrinsic compression by mesen­
:eric masses (Fig. 3-54). Solitary or multiple focal mural
.::nasses also can be seen. With continued enlargement,

Box 3-6 Lymphoma

:-':on~Hodgkin'slymphoma (Hodgkin's type rare)
~1ore common in distal small bowel (ileum)
Variable appearance-mass or polyp
.\1ultipie polyps (polyposis)
Infiltrative (aneurysmal dilatation)
Eodo- or exoeoteric
.\Iesenteric (adenopathy)
Predisposing conditions-sprue, immunosuppression

(AIDS, transplant recipients)
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Figure 3-54 Distorted, irregular ileal loop (arrows) represents
non-Hodgkin's lymphoma.

these masses may become exoenteric, undergoing exca­
vation and ulceration (aneurysmal dilatation), or endo­
enteric, producing an intraluminal polypoid mass with
the potential for intussusception. The presence of a large
gastrointestinal mass involVing and destroying the small
bowel without evidence of obstnlction should be consid­
ered a sign of non-Hodgkin's lymphoma (Fig. 3-55).

Figure 3-55 This is non-Hodgkin's lymphoma affecting the
small bowel (arrows) without evidence of obstruction.
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Non-Hodgkin's lymphoma of the small bowel is a
recognized complication of celiac disease. It also occurs
with increased frequency in patients with immunodefi­
ciency as a result of AlDS or immunosuppression resulting
from antirejection medications after organ transplanta­
tion. In Mediterranean lymphoma, diffuse small bowel
involvement results in severe intestinallnalabsorption.

Carcinoid Tumor
Carcinoid tumor is the most common primary

neoplasm of the small bowel (Box 3-7). It arises from
argentaffin cells in the crypts of Lieberkiihn and occurs
most commonly in the distal ileum. Carcinoid tumors less
than 1 cm in diameter usually cause no symptoms and
f'Jrdy metastasize. A carcinoid tumor may be noted inci­
dentally on contrast studies as a smooth, round sub­
mucosal mass.

As the tumor enlarges, it may extend into the over­
lying mucosa and lead to ulceration or intussusception.
Outward extension into the muscular and serosal layers
may induce a local desmoplastic reaction consisting
of angulation, tethering, and "kinking" of the bowel and
partial obstmction (Fig. 3-56). This reaction represents
the local effects of serotonin, which is produced by
the tumor from the dietary amino acid tryptophan.
Carcinoid tumors measuring 1 to 2 em in diameter
metastasize in about 50% of cases, and tumors larger
than 2 em metastasize in about 90% of cases. Regional
metastases are usually located in the mesentery or lymph
nodes and are commonly larger than the primary tumor.
On CT, these lesions may show a stellate appearance or
dystrophic calcifications.

Box 3-7 Carcinoid Tumor

Amine precursor uptake and decarboxylation tumor,
may be found anywhere in gastrointestinal or
genitourinary tract or bronchi

Location-appendix most common, then small bowel
(typically ileum)

All potentially malignant, >2 em most likely to
metastasize

Hormonally active-secrete serotonin
Serotonin is converted in liver and lungs to 5-HlAA,

which is elevated in urine
May provoke a desmoplastic reaction in small bowel
Usually asymptomatic
Carcinoid syndrome-occurs with liver metastases

(95%)
Intestinal hypennotility-diarrhea and cramping
Vasomotor-flushing
Bronchoconstriction-wheezing
Endocardial fibrosis-eight-sided heart valves

Figure 3-56 Areas of tethering, nodulariry, and fold separation
(arrows) are seen in this patient with carcinoid syndrome.

Metastasis
Liver metastases from carcinoid tumor arc usually

hypervascular and are the usual cause of carcinoid
syndrome, characterized by episodic cutaneous flushing,
wheeZing, and diarrhea. The liver normally degrades
serotonin into 5~hydroxyindoleaceticacid (5-HIAA) and
prevents it from entering the systemic circulation. In the
presence of liver metastases, however, serotonin may
pass through the right heart into the lungs, producing
carcinoid syndrome and damaging the right heart valves
before being broken down in the lungs to 5-HlAA.
Bone metastases from carcinoid tumor are typically
osteoblastic.

Metastatic disease to the small bowel occurs through
hematogenous, peritoneal, contiguous, or lymphatic
spread and can cause a variety of radiographic fmdings.
Although metastases are often multiple, solitary lesions
are sometimes shown.

Benign Tumors

Mesenchymal rumors
Benign tumors arising in mesenchymal tissues of the

small bowel wall include leiomyoma, lipoma, neuro­
fibroma, and hemangioma, in order of descending
frequency. The most common of these is leiomyoma, a
hypervascular, nonencapsulated smooth muscle tumor
(Fig. 3-57). Leiomyoma, similar to its malignant cOlU1terpan
leiomyosarcoma, can undergo endoenteric or exoenteric
growth with resultant complications of intussusception
or tumor necrosis and ulceration.



Egure 3-57 Submucosal mass (arrows) represents a jejunal
~roma.

lipoma, an encapsulat~d fatty tumor, is characterized
roscopically by its softness and compressibility

dluring palpation. Continued stretching of the tumot by
'el peristalsis may form a pedllllcuJated intraluminal

that can ulcerate or act as a lead point for intussus.
cq>tion (Fig. 3-58).

~eurofibroma and other neural tumors are unusual
0tary mural masses in the small bowel. Occasionally,
.' may be multiple in nature, particularly if the patient
neurofibromatosis (Fig. 3-59).

Hemangioma represents a focal proliferation of vascular
dlannels. Although phleboliths are uncommonly shown,
:::idr presence in association with a submucosal mass

'cates a hemangioma.

Adenoma
Adenomas, benign mucosal tumors arising in glandular

~thelium,may appear sessile or pedunculated. TIley are
second most common small bowel tumor encoun­

~, after berugn leiomyoma. They may develop any­
here in the small bowel, but are more common in the

ieum.

Carcinoid Tumor and Inflammatory
Fibroid Polyp
Carcinoid rumor of the small bowel has variable malig­
t potential. Inflammatory fibroid polyp (eosinophilic

z:anuloma) is composed primarily of connective tissue
md appears as a smooth submucosal mass in the small

el, stomach, or colon. Although eosinophilic infiltra­
of the mass is characteristic, the focal nature of
mass and the absence of associated peripheral

~ophilia differentiate it from eosinophilic gastro­
<:Ileritis. Complications of inflammatory fibroid polyp

ude ulceration and intussusception.
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Figure 3-58 Ovoid mass (curved arrow) in the distal ileum
represents a lipoma.

Figure 3-59 A patient with neurofibromatosis with severe
involvement of the bowel. Note the widened neuroforamen in the
S:lCnlm (arrow).
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Other Masses

Endometrioma
Endometrioma of the small bowel represents a focal

deposit of ectopic endometrial tissue on the serosal
surface of the distal ileum in women. The cause of
endometriosis is uncertain; proposed theories include
reflux of endometrial tissue through the fallopian tubes,
hematogenous or lymphatic spread, and metaplasia of
coelomic epithelium. The sigmoid colon is most com­
monly affected, and small bowel involvement is uncom­
mon and may appear as a focal mass with associated
serosal tethering resulting from repeated episodes of
intramural hemorrhage and subsequent fibrosis.

Duplication Cyst
Duplication cyst is an embryologic abnormality that

can occur anywhere in tht small bowel. These cysts are
nlbular or round and may communicate with the adjacent
bowel lumen. Although often discovered in childhood,
duplication cysts occasionally are recognized incidentally
in adults as a smooth intramural mass seen on contrast
examination.

Hematoma
In contrast to duodenal hematoma, focal hematoma of

the mesenteric small bowel rarely causes a focal masslike
appearance, possibly because of the t,unponading effect
of the circumferential serosal layer there.

Inverted Meckel's Diverticulum
An inverted Meckel's diverticulum also can appear as

a smooth, round or oval mass on contrast sttlwes. \Vith
inverted Meckel's diverticulum, the pOSSibility of an
intussusception increases.

MULTIPLE MURAL MASSES

Many of the lesions that can occur as solitary mural
masses also can occur as multiple mural masses. TIlese
lesions were described in greater detail in the previous
section (fable 3·3).

Figure 3-60 Multiple small bowel nodules from metastatic lung
carcinoma.

Malignant Tumors

Metastasis
Metastasis to the small bowel can occur through peri­

toneal, hematogenous, lymphatic, or contiguous spread.
Lesions are often multiple and may show variability in size
secondary to repeated episodes of seeding (Fig. 3-(0).
Hematogenous dissemination can affect any segment
of the small bowel. This dissemination occurs most fre­
quently in malignant melanoma and less often in breast
or lung carcinoma. Metastatic melanoma typically pro­
duces submucosal nodules that may contain a central
ulceration (target lesions). With further growth, these
lesions may become primarily exoenreric (with subse­
quent necrosis and ulceration) or endoenteric (with sub-­
sequent intussusception). Small bowel metastases from
breast carcinoma rarely result in focal scirrhous-type
narrowing similar to that seen more commonly in the
stomach.

Peritoneal spread through ascitic fluid leads to seed­
ing of tumor on the serosal surface of the small bowel.
Peritoneal fluid accumulates in the mesenteric reflec·
tions of the small bowel, especially at the ileocecal

Table 3-3 Polyposis Syndromes Affecting the Small Bowel

Title

Pcutz-)eghcrs syndrome
CronkJtitc-C:mada syndrome
Juvenile polyposis
Neurofibromalosis
Gardner's syndrome
Familial polyposis

Type

Hamartom:IS
Hamartomas
HamartOmas
Neurofibromas
Adenomas
Adenomas

Other Fearures

Polyps throughout gastrointestinal tract; mucocutaneous pigmentation
AJopccia, nail dystrophy, protein malabsorplion
Colon polyps
Cutaneous fibromas and cafe au 1ait spots
Colonic polyps, osteomas. desmoid tumors
Typically colon mnlOfS. R.'lfely small bowel tumors, but without Gardner's stigmata
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Benign Trunors

-

Carcinoid Tumor
Carcinoid tumor:; of the small bowel are multiple in

approximately one third of cases (Fig. 3-63).

Lymphoma
Non-Hodgkin's lymphoma of the small bowel can

produce multiple, discrete mural masses or diffuse nodu­
larity. Non-Hodgkin's lymphoma most often involves the
ileum as a result of the normal abundance of lymphoid
tissue there (Fig. 3-62).

Figure 3-62 Submucosal masses (arrows) represent non­
Hodgkin's lymphoma in a patient with AlDS.

I

\
\ ~

Hamartoma
Multiple hamartomas of the small bowel occur in

several polyposis syndromes, including Peutz:Jeghers,
Cronkhite-Canada, juvenile polyposis, and Cowden's
syndromes. Peutz-Jeghers syndrome is an autosomal­
dominant disease characterized by mucocutaneous pig~

mentation and multiple small bowel polyps that may cause
transient intussusception (Fig. 3-64). Cronkhite-Canada
syndrome consists of multiple gastrointestinal polyps,
ectodennal abnonnalities, and intestinal malabsorption.

figure 3-61 There is diffuse distortion and angulation of small
~ lOops caused by peritoneal spread of colon carcinoma.

on because of its relatively dependent position.
~sal metastas~s most often occur secondary to
-::::l5t.fointestinal or gynecological malignancies, partic­
~r ovarian carcinoma. In addition to the nodular

es representing serosal tumor implants, associated
rous reaction may cause tethering of folds and angu­

b1ion of bowel loops (Fig. 3-61). CT shows associated
ings of peritoneal tumor spread, including asCites,

peritoneal implants, and mesenteric inftltration (omental
akes).

Direct or contiguous spread of tumor may involve the
~enteric small bowel, as seen in invasion of the distal
~m by pelvic or cecal tumors. Lymphatic spread has
been reported to involve the distal ileum after ileocolic
masromosis for colon carcinoma.

Kaposi's Sarcoma
Kaposi's sarcoma is a vascular tumor of the skin that

1L'O can affect visceral organs, including the gastro­
intestinal and respiratory tracts. Although previously a
rare disease, Kaposi's sarcoma is a common neoplasm
in AIDS, particularly in homosexual men with AIDS,
:llthOligh the incidence seems to have declined since the
early 19905. Submucosal nodules of Kaposi's sarcoma
in the small bowel often resemble hematogenous
metastases. Similar to metastatic malignant melanoma,
Kaposi's sarcoma nodules may contain a central ulcera­
tion and at times act as a lead point for small bowel
intussusception.
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Figure 3·63 CT in a patient with carcinoid tumor in the small
bowel mesentery.

Gastrointestinal juvenile polyposis may involve any por­
tion of the gastrointestinal tract. In Cowden's syndrome,
gastrointestinal polyps are associated with tumors of the
breast, thyroid, and skin.

Adenoma
Multiple small bowel adenomas can occur in Gardner's

syndrome. This autosomal-dominant disease is character­
ized by diffuse adenomatous polyps of the colon and sub­
sequent development of colon carcinoma. Extraintestinal
tumors, induding osteomas of the facial bones, sebaceous

Figure 3-64 Polypoid mass OJ) in the jejunum represents a
hamartoma in a patient with Peutz-Jeghers disease.

Figure 3-65 Axial computed tomographic scan shows multiple
neurofibromas involving retropentoneum and root of small bowel.

cysts, and desmoid tumors of the mesentery, also occur.
The polyps that occur in the small bowel can be adena­
matous and have a malignant potential, in contrast to
the other polyposis symptoms described, which have no
malignant potential. Patients with Gardner's syndrome
have an increased incidence of ampullary carcinoma.

Mesenchymal Tumor
Benign mesenchymal tumors of the small bowel,

although usually solitary, may be multiple; this is espe­
cially true in neurofibromatosis, a genetic disease in
which neural tumors can involve the skin, visceral
organs, or central nervous system. Multiple neurofibro­
mas of the small bowel in neurofibromatosis typically
occur along the antimesenteric border (Fig. 3-65). SmaU
bowel lipomatosis is a rare condition characterized by
multiple lipomas of the small bowel. Carcinoid tumors
exhibit variable malignant potential and are multiple in
approximately one third of cases.

Other Masses

Postinflammatory Polyps
Postinflammatory polyps of the small bowel are similar

to polyps seen in the colon in the healing stages of
inflammatory bowel disease. In the small bowel, these
are rypically well-defined round polyps of varying size
and most often involve the terminal ileum. They may be
secondary to Crohn's disease or, very rarely, ulcerative
pancolitis with backwash ileitis. The small branching
(filiform) polyps are far less commonly seen in the small
bowel.

Pneumatosis Cystoides Intestinalis
Pneumatosis cystoides intestinalis is a disorder of

variable origin in which multiple subserosal cystic



ions of gas indent the lumen of the small bowel or
The most interesting theory is "Macklin's pathway."

1938, Macklin described the route of air leaking from
:m.croillveolar ruptures in the lung along the broncho­

cular interstitial route to the mediastinum, from
ce it traveled north and south. Small amowlts of air

~g upward were unnoticed and eventually reab­
d in the soft tissues of the neck, whereas air travel­

down the mediastinum through the hiatus of the
ikiphragm collected in the retroperitoneum. From there,

air trickled along the mesenteric folds and eventualJy
=-me to rest as small subserosal cysts in the lowest of the
ne:senteric compartments, the sigmoid mesentery. 111ere,

cmiversally abrupt termination of the cystic type of
~atosisat the peritoneal reflection off the bladder
~ :seen (representing the rectosigmoid border). Any air

ceted in the wall of the rectum cannot be benign
:;:KleUJrnatosis. TI,e rypical radiolucent appearance of these
~ent "mural masses" on plain fIlms or cr is charac-

--tic of this benign form of intestinal pneumatosis.
':lCUmatosis involving the small bowel more often pre­

iJCO as intramural streaking and may have more ominous
~cance,such as ischemic or necrotic changes, peptic
~tion,or instrumentation. Small to large ~unounts of
:=:r:unural air can be seen postoperatively on plain f11m
'3diographs if the bowel has been resected.

\'arices
Yarices of the mesenteric small bowel are unusual,

can produce smooth submucosal masses similar to
seen in esophageal or gastric varices.

OTHER INTRALUMINAL ABNORMALITIES

Intraluminal masses in the small bowel include worms,
xwars, tubes, ingested foreign bodies, and calculi. Other

·ons, such as pedunculated tumors and inverted diver­
ticula, may simulate intraluminal masses.

Worms

The most common worm encountered in the small
eI is Ascan·s lU1nbricoides. Tllis roundworm is seen

uently, especiaUy in tropic-J.1 areas. On contrast studies,
.i.i2ris worms appear as long tubular intraluminal filling
ddects. A thin white line sometimes shown to bisect the
.il:ngth of the worm represents ingested barium in the

om's own gastrointestinal tract (Fig. 3-66). Ascaris
"'"OnrnS can be SOlitary or multiple and when especially

erous may cause a small bowel obstruction.
Tapeworms also can produce linear intraluminal fiU­

defects on contrJ.st exatninations. These flatworms
usually much longer than ascaris worms and never
w a thin white line bisecting their length because
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Figure 3·66 Tubular intraluminal filling defect in the jejunum
represents an ascaris wonn. Th~ dlin white line bisecting part of
rhe length of the worm (arrows) indicates barium in the woml's
gast.rointestinal tract. (From Goodman P: Diagnostic rddiology case
number 16. Intern Med 12:46, 1991.)

they do not have a continuous gastrointestinal tract
(Table 3-4).

Bezoars

Bezoars are uncommon in the small bowel.
Phytobezoars (concretions of vegetable matter) usually
result from ingestion of a large amount of high-fiber
foods, such as citrus fruit. An increased incidence of small
bowel phytobezoars also has been reported in patients
with previous gastric outlet surgery and recent ingestion
of persimmons. Phytobezoars can cause an obstruction
anywhere in the jejunum or ileum and may resemble
a villous nunor on contrast studies as a result of barium
filling numerous interstices.

Other Foreign Bodies

Ingested foreign bodies sometimes become obstructed
at the ileocecal valve because of physiological narrowing
there. Prune pits have a characteristic biconvex shape.
Radiopaque objects, such as coins, keys, and screws, are
sometimes seen in the small bowel of psychiatric patients
and are easily identified on abdominal plaln flims (Fig. }67).

Ingested packets of heroin, cocaine, and other illegal drugs
may appear on abdominal plain films as round or oval
opacities, sometimes surrounded by a thin crescent of
air ("double condom" sign). These drug packets may
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Table 3-4 Intestinal Wonns in the Small Rowel

Type Genus/Species Origin Area of Inyolvement

Hook·worm Necator lImerlC(ltJllS Soil Proximal small bawd
AncylostonUl tluodenulc Soil Proximal small bowel

Tapeworm Taenia sagil111l11 Beef Entire small bowel
Taenia soliul1l Pork Entire small bowel
Dipb)'flobotbrium latum Fish Entire small bowel

Roundworm Ascm"is tumoricoides \Vater Entire small bowel
Strongyloidiasis Strongyloides slercortlfis \Vater Entire small bowel

t\nisakiasis A1Jisakis species Raw fish Entire small bowel

cause mechanical bowel obstruction or drug intoxication
when leakage or rupulre of a packet occurs.

Various iatrogenically placed feeding or drainage
catheters may become dislodged and pass into the small
bowel, where they appear as tubular filling defects.
These include surgical or endoscopic gastrostomy and
jejunostomy nlbes. Balloon-tip catheters may show the
inflated balloon and the tubular portion of the catheter
(Fig. 3-68). The Garren-Edwards gastric bubble, an intra­
gastric balloon previously used to treat morbid obesity,
also has been reported to deflate spontaneously and
migrate into the small bowel, where it can cause
obstruction.

Figure 3·67 Small bowd obstruction is seen in a psychiatric
patient who has ingested multiple metallic objects.

Gallstone Deus

Erosion of a gallstone into the duodenum can lead
to gallstone ileus, a mechanical obstruction caused by
impaction of the gallstone in the small bowel, usually at
the ileocecal valve. The ectopic gallstone is visible on plain
f:L1ms in approximately 25% of cases. On contrast studies.
it may appear as a round or oval filling defect in the distal
small bowel. Associated findings include distal smill bowel
obstruction and air in the biliary tree, seen in about SO');.
of cases (caused by refllL" of air through the biliary-enteric
fistula). A similar case has been reported in which a renal

Fib~re 3-68 Small bowel obstruction is caused by migration
a jejunostomy tube (arrows) and impaction of dle balloon tip -



""""'nrn calculus eroded into the duodenum and sub­
~tly became impacted at the ileocecal valve.

Air Bubbles and Stool

.- bubbles anywhere in the small bowel, and fecal
- refllL'Xcd across the ileocecal valve into the distal

""" also appear as intraluminal filling defects. Rarely,
-eots with gastrointestinal bleeding or after surgical

ures, a blood clot may be seen within the lW11en.
cteristically, they confoml to the dimensions of the

......-1.

Inverted Diverticulum

'\l]y diverticulum may invert and appear almost entirely
.=:lluminal. Classically, this entity is seen in the duode­

but is also rarely encountered in the rest of the small
, particularly with inverted Meckel's diverticula.

EXTRINSIC PROCESSES

Adhesions

E"'Urinsic compression of small bowel loops may result
-"'" postsurgical adhesive bands. Although these adhe·

- are extremely common, they arc not usually shown
imaging methods. Their presence may be suspected,

- ;rw-cvcr, when tethering or "pointing" of bowel lOops
'era! loops of relatively fLxed bowel all pointing to
spot in the abdomen) occurs.

Organomegaly and Adenopathy

Focal or diffuse enlargement of abdominal or pelVic
~s and distention of other hoUow viscera may com­

or displace adjacent small bowel. These extrinsic
- s cause a spectrum of radiographic appearances

Jr:pending on their size, location, and relationship to the
'><titoneal caviry (Fig. 3-(9). Although the mass effect

ica1Jy is smooth, an extrinsic inflammatory or neo-
stic mass may evoke serosal tethering or fold thjck­

::mng. Marked adenopathy caused by inflammatory,
·ectiolls, or neoplastic disease can cause similar
~gs.

\fetastatic Disease

As discussed preViously, peritoneal metastases can
_ccur from abdominal (gastriC, ovarian, and pancreatic)

d extraabdominal (breast, lung, and melanoma)
;:"nnors. Metastases are probably the most common

use of multiple extrinsic masses affecting the small
el (Fig. 3·70).
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Figure 3·69 ?I."1cdial displacemem of mid-small bowel loops
(arrows) results from bilateral huge polycystic kidneys.

Figure 3-70 Widespread metastatic disease involving the
peritoneum from colonic primary tumor is seen.
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Aortic Aneurysm

An abdominal aortic aneurysm causing extrinsic com­
pression of small bowel may be recognjzed by curvilinear
calcifications outlining the aneurysm or by a pulsatile
appearance on fluoroscopy.

Other Masses

Mesenteric masses (cysts, tumors, and abscesses)
typically cause focal displacement of bowel loops.
Mesenteric extension of malignant stromal cell tumor
(leiomyosarcomas) or other exoenteric masses arising
from the bowel wall also can compress or displace adja­
cent bowel (Fig. 3-71). Diffuse inflammation or infIltration
of the mesentery may produce separation of bowel loops
throughollt the abdomen and pelvis. Focal peritoneal
abscesses can produce localized mass effect and inflam­
mation of nearby small bowel.

When a mucinous adenocarcinoma of the abdomen
luptures, it seeds the lower abdomen with tumor implants.
These implants can continue to produce mucin, which
usually fills the lower abdominal cavity with a mixture of
gelatinous fluid and tumor cells. This mixture can result
in numerous extrinsic impressions or displacement of the
bowel (Fig. 3-72).

Retractile mesenteritis or sclerosing mesenteritis (two
of its several names) is a rare disease that produces fatty
and fibrotic thickening of portions of the mesentery. This
thickening consists of a combination of inflammation,
fibrosis, and fatty infiltldtion. When inflammation is the
predominant pathologic feature of this process, it is often
termed mesenteric panniculitis. These processes usually
involve the distal small bowel mesentery, but sometimes
can affect the sigmoid mesentery. The cause is obscure.

Figure 3-71 Computed tomographic scan shows gastrointestinal
stromal tumors in small bowel mesentery, displacing bowel loops.

Figure 3"72 Computed tomographic scan shows an extensive
~oft tissue mass spreading through the lower abdomen in a patient
with pseudomyxoma peritonei.

Some cases have been associated with drugs (ergotamine
and methysergide). Complications include ureteral or
vascular obstruction. Desmoid tumors are fibrous mes­
enchymal tumors involving the mesentery and peritoneal
cavity (Fig. 3-73). These are seen in Gardner's polyposis
syndrome.

Ascites

In the presence of diffuse ascites, supine ftlms show
small bowel loops floating together in the central
portion of the abdomen. Sometimes the ascites may be
loculated and appear as localized masses. Ascites is
seen occasionally in patients on peritoneal dialysis for
renal failure.

Figure 3-73 Abdominal masses (desmoids) can be seen ill
Gardner's syndrome.



Fatty Mesenteric InfIltration

Obese patients sometimes may have pronounced fatty
.:::;;;;mges in their mesentery, which result in separation

.-i displacement of small bowel loops. In these patients,
mesenteric fat is diffuse in nature. Pelvic lipomatosis
uces more focal fatty or fibrotic changes in the pelvic

~n. Although it usually involves the rectum, Hpomato-
can produce displacement or compression of small
~elloops in the pelvis. More localized fatty inftltration

~ be seen in patients with Crahn's disease or isolated
ystrophy of the mesentery.

ULCERATIONS

:"Ionneoplastic

Zollinger~EllisonSyndrome
~larked gastric hyperacidity as seen in Zollinger­

~'On syndrome can produce an ulcer diathesis affect­
the proximal duodenum and less commonly the
I duodenum and proximal jejunum. Marginal u1cerJ.­

,aons may complicate subtotal gastrectomy with gastro-
ejunal anastomosis. These ulcers occur most often in
3itients with underlying severe peptic ulcer disease and
~ usually located in the efferent loop just distal to the

stomotic site.

Crahn's Disease

Llcerations as a result of Crohn's disease can affect
;L;)- portion of the small bowel and have a variety of
-;Idiographic appeamnces. Aphthoid ulcers are small,
:uund, and unifornl and consist of a central ulceration
EITounded by a radiolucent rim of edema (Fig. 3~74).

Figure 3-74 Two distinct aphthous ulcers of the terminal ileum
.:ce seen in this patient with Crohn's disease.
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Figure 3-75 Diffuse ulceration of the neoterminal ileum
(arrOIl.!3) represents recurrent Crohn's disease.

Deeper transverse and longitudinal ulcerations may com­
bine to form a "cobblestone" pattern, in which residual
islands of preserved mucosa are separated by the criss­
crossing transmural ulcers (Figs. 3~75 and 3~76).

Infection
Small bowel infections also may cause ulceration.

Gastrointestinal tuberculosis most often involves the
ileocecal area, where it can calise ulcers and appear
radiographically similar to Crohn's disease. CMV enteri·
tis in AIDS may result in ileal ulceration and subsequent
perforation. Ileal ulcerations also are seen in enteritis
caused by Salmonella (typhoid fever), Yersinia, and
CamjJylobacler. Parasitic infection by Strongyloides and
Anisakis roundworms also may cause ulcers in the small
bowel.

Beht;et's disease
Beh~et'sdisease (the "silk route disease" because of its

Mediterranean origins) is a rare systemic vasculitis in
which ulcerations occur in the mouth, genitalia, eyes, and
gastrointestinal trdet. Ileal ulcerations in this disease may
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Figure 3-76 Thickened distal ileum (arrow) and fistulous tract
to adjacent bowel (arrowbead) are seen in a patient with Crohn's
disease.

appear either aphthoid or linear. Behc;;et's disease mimics
the rndiographic appearance of Crohn's disease.

Other Causes
Ulcerative iJeojejunitis is an uncommon condition,

either idiopathic or secondary to sprue, in which ulcera­
tions in the small bowel may lead to fibrosis and focal
stricture fonnation. Small bowel ulcerations also can result
from mucosal irritation by ingested enteric-coated potas­
sium chloride tablets.

Neoplastic

Benign Mesenchymal Tumors
In addition to the many inflammatory causes of small

bowel ulceration, v.rrious neoplastic masses in the small
bowel can ulcerate. Benign mesenchymal rumors, includ­
ing leiomyomas and lipomas, sometimes bleed because
of ulcerntion of the overlying mucosa (Fig. 3-77). Bleeding
is one of the most frequent presenting symptoms because
these tumors often remain asymptomatic.

Metastases
Ulcerating metastases to the small bowel most often

result from hematogenous spread of malignant melanoma
and less commonly breast or lung carcinoma. These
masses vary in size and number and may radiographically
resemble bull's-eye targets because of the central location
of the ulcers.

Kaposi's Sarcoma
Kaposi's sarcoma cm produce similar ulcerated masses

in the duodenum and less commonly in the mesenteric
small bowel.

Malignant Mesenchymal Tumors
Leiomyosarcomas and other less common primary

malignant mesenchymal tumors of the small bowel may
undergo extensive necrosis and subsequent ulceration.
ConltaSt studies and cr show conltaSt material fIlling the
large, irregular excavated portion of the mass.

Lymphoma, Adenocarcinoma,
and Carcinoid Tumor
Lymphoma, adenocarcinoma, and hematogenous

metastases may cause a similar appearance because of
inftltration of the bowel wall and resultant ulceration.
Carcinoid tumors, which show variable malignant poten­
tial, may tarely cause similar fmdings, but ulceration is not
a major feature.

FISTUIAS AND SINUS TRACfS

Small bowel sinus tracts and ftsnl1as may result from
extension of preexisting smaU bowel ulcerations. Fisrulas
are connections between two mucosal-lined organs, such
as between twO loops of bowel or between the bowel

Figure 3-77 Polyp with central ulceration (arrow) was ~

surgically proven leiomyoma.



ngnre 3-78 Multiple enteric fistulas (arrows) and irregular
JIIlDum collections (C) are seen in a patient with Crohn':; disease.

skin. Sinus tracts are confined areas of perforation
end blindly, often in inflammatory tissue, and do not

~ect to other organs.
-inus trdcts and fistulas are conunon features of severe

mhn's disease and may form between small bowel and
.-fiacent colon, urinary bladder, abdominal wall, or other

ps of small bowel (Fig. 3-78; see Fig. 3-76). Similar
::mdings can be seen in intestinal tuberculosis; the two
mtities cannot be distinguished by their radiographic
ieatures. Small bowel fistulas sometimes occur as a late
mrnplication of radiation therapy to the abdomen or
"iX..h·-is. Fistulas forming from radiation therapy are the
sequelae of multiple processes, including ischemia and
.iiecrosis of bowel loops and matting of bowel loops from
fibrosis and adhesions.

Postoperative sinus tracts and fistulas (enterocutaneous
mel enteroenteric) may result from a variety of factors.
Often they are simply the result of a breakdown or
ffiterruption at an enteric anastomosis. Sometimes they
result from ischemia and necrosis of a portion of bowel
-=a.-hose blood supply may have been compromised at

rgery.
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Involvement of the small bowel by extrinsic processes
can lead to the formation of sinus tracts or fistulas.
Inflammatory masses of the gallbladder, pancreas, kidney,
colon, or pelvic organs may become adherent to an adja­
cent loop of small bowel and erode into it.

Various neoplastic masses can form fistulous connec­
tions involving the small bowel. Primary tumors of the
small bowel may invade adjacent bowel loops or other
viscera, most commonly occurring with lymphoma. More
typically seen are tumors from the colon or stomach with
direct extension into the small bowel secondarily produc­
ing fistulas. Serosal metastases also may be a source of
fistulas involving the smalJ bowel, but fistulas are rMely
due to hematogenous metastases.

DIVERTICULA

Jejunal and Ileal Diverticula

Jejunal and ileal diverticula are less common than duo­
denal diverticula. TIley occur along the mesenteric aspect
of the bowel wall, where penetrating blood vessels have
produced focal defects in the muscular layer. Jejunal diver­
ticula may be multiple and usually are large (Fig. 3-79).
The main clinical concern is that they may develop bac­
terial overgrowth from stasis of bowel contents, leading
to malabsorption and anemia. Ileal diverticula, although
often multiple, are usually small and located in the ter­
minal portion of the ileum (Fig. 3-80). Diverticulitis,
enterolith foonation, hemorrhage, and perforation are rare
complications of jejunal and ileal diverticula. When ileal

,

Figure 3-79 Multiple jejunal diverticula (d) are seen.
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Figure 3-80 Diverticula (D) of the terminal ileum are seen.

diverticula become inflamed, the condition can minlic
appendicitis.

Meckel's Diverticulum

Meckel's diverticulum is a congenital abnormality seen
in 3% of the population (Box 3-8). Partial persiste~ce of
the omphalomesenteric duct results in a diverticulum
along the antimesenteric aspect of the ileum, usually
within 100 em of the ileocecal valve. Meckel's diverticu­
lum contains all layers of the bowel wall. Typically, they
remain asymptomatic throughout life. Less than half
of Meckel's diverticula have gastric mucosa, however,
which can be functional and produce acid. This acid
causes ulceration in mucosa of the diverticulum or in
the adjacent ileum, resulting in gastrointestinal bleeding.

Box 3-8 Meckel's Diverticulum

Occurs in 3% of the population
True diveruculum has aU layers of bowel \vall
Most are asympromatic
Ectopic gastric mucosa in 20% to 30%-detectable bv

technctium-99m pertechnetate .
Clinical problems-bleeding, perforation,

intussusception, enteroliths

,-

Figure 3·81 Meckel's diverticulum is detected by increased
uptake of the radiotracer by the ectopic gastric mucosa (arrow).

This ectopic gastric mucosa accounts for its positive
uptake on a technetium-99m pertechnetate scan (Fig. 3·tH).
Occasionally, it may first present during adulthood, usuall\·
secondary to obstruction because the diverticulum ma~
invaginate and be the lead pOint for intussusceptio~
Diverticulitis, enterolith formation, perforation, and neo­
plastic transformation are less commonly seen manifesta­
tions of Meckel's diverticulum.

Careful fluoroscopy using graded compression is often
necessary to show a Meckel's divertic,dum on SBIT exam­
ination because othenvise it is obscured by overlapping
bowel loops (Fig. 3-82). Enteroclysis has proved useful
for revealing Meckel's diverticula and showing the char­
acteristic triradiate fold pattern at the junction of the diver­
ticulum and the adjacent segment of ileum. A Mecker~

scan using radioactive technetium~99mpertechnetate ~
sensitive for detecting diverticula that contain ectopiC
gastric mucosa.

Pseudodiverticula

Various abnormalities in the mesenteric small bo"\\d
may mimic diverticula. Any process that produces as\nl­
metrical inflammation or fibrosis or both can resul~ ia
asymmetrical sacndations or pseudodiverticula (Fig. 3-83
Classically, Crohn's disease can be an asymmetrical inflam­
matory process that may produce asymmetrical fibrosB:



d

~ 3-82 Meckel's diverticulum (d) extends from the distal
k=l.

- lbe bowel wall with subsequent pseudosacculations
:-;~. 3-84). The fibrosis that is seen in scleroderma also

::::lOlY produce unusual sacculations of the bowel wall.
~cally created blind loops and comnnullcating con-

·tal duplications of the small bowel also can resemble
..:!ITenicula.

~e 3-84 Pscudosacculations (P) in the small bowel are seen
1U: patient with Crahn's disease.
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Figure 3-83 Multiple eccentric sacculations (5) in the jejunum
in a patient with scleroderma. Note the retained barium in the distal
esophagus.

In lymphoma, focal aneurysmal dilatation of the lumen,
either fusiform or asymmetrical, may result from destnlC­
tion of the autonomic neural plexus by tumor infiltration.
Focal saccular dilatation of the ileum also may be seen in
ileal dysgenesis, a rare condition of uncertain origin.

PNEUMATOSIS INTESTINAIJS

Idiopathic Causes

Pneumatosis intestinalis indicates air in the bowel
wall. This condition is idiopathic in approximately 15%
of cases and secondary to various underlying diseases in
the remaining 85%. Patients with idiopathic pneumatosis
are asymptomatic, and the air collections are usually cystic
and subserosa! in appearance. In secondary pneumatosis,
the air collections are linear and intramural, and the
patients may have signs or symptoms of gastrointestinal
or pulmonary disease (Fig. 3-85) relating to ischemia or
necrosis. Even this form of pneumatosis can be benign,
resulting from recent bowel surgery, bowel ulceration,
or recent instrumentation.
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Figure 3·85 Diffuse linear colJections of air in me small bowel
wall represent pneumatosis intestinalis.

Ischemia and Infarction

Small bowel ischemia or infarction can cause mucosal
necrosis and extension of luminal air into the bowel wall
(Fig. 3-86). Air in the mesenteric and portal veins or
pneumoperitoneum may follow, with a high incidence
of morbidity and mortality.

Figure 3·86 Computed tomographic scan shows extensive
intramural air (arrows) surrounding intraluminal fluid in a patient
with small bowel infarction.

Infection and Inflammation
(Noninfectious)

Infectious and noninfectious enteritis also may cause
pneumatosis because of lLUllinal air passing into the
bowel wall through mucosal ulcerations. Other factors.
including luminal distention proximal to strictures and
infection of the bowel wall by gas-forming organisms.
also may playa role in the development of pneumatosis
in these cases.

Other Causes

Pneumatosis has been reported after focal perforation
of a small bowel divc::rticulum and iatrogenic trauma
caused by indwelling catheters or previous enteric anas­
tomoses. Sclerodem13, ceHac disease, and other related
conditions are rarely complicated by pneumatosis of the
small bowel. Obstructive pulmonary disease can produce
pneumatosis secondary to alveolar ruprure and subsequent
passage of air along interstitial pathways to the medi­
astinum and, through defects in the diaphragm, to the
retroperitoneum, mesentery, and bowel waU. Pneumatosis
also has been reported in patients receiving steroids, bur
may be related to the patients' underlying disease rather
than to the steroids themselves.

POSTOPERATIVE SMALL BOWEL

Resection

Segmental resection of small bowel with end-to-end
anastomosis is a commonly perfonned procedure in cases
of small bowel infarction, perforation, or stenosis. The
most frequent complication of this procedure is devel­
opment of adhesions. In Crohn's disease, segmental smaIl
bowel resection is usually avoided whenever possibk
because of the high incidence of recurrent disease or
fistulas at the margins of resection.

Anastomoses
Various enteric anastomoses to the stOmach, colon, biI­

iaty tree, and pancreas have been described. In Billroth
subtotal gastrectomy, afferent and efferent loops of sma&
bowel are anastomosed to the greater curvature of the
gastric remnant. The afferent loop has a closed end an....
consists of the duodenum and a variable length of prox­
imal jejunum. Current surgical construction of the <l1lA5­

tomosis favors emptying of the stomach inlO dle efferetC
loop, avoiding rlistention of the afferent loop (afferent loop
syndrome). A ROllx-en-Y anastomosis can be performo:..
simultaneously, connecting the afferent loop to the effer­
ent loop beyond the gastrojejunostomy site. l1usproce~



ts bile in the duodenum from refluxing into the
remnant, where it may cause severe bile reflux

eral complications involving the small bowel may
K:I:::!rr after the Billroth II procedure. Marginal ulcerations

nting peptic ulceration of the jejunal mucosa typi­
in'·olve the efferent loop just distal to the gastro­

anastomosis. In afferent loop syndrome, continued
Lion of the afferent loop may lead to bacterial over­

~. Gastrojejunal and jejullogastric intussusception
unusual complications resulting from antegrade or

~de intussusception at the anastomotic site.
b. cases of gastric outlet obstnlction, gastrojejlmostomy
~ be used to bypass narrowing of the distal stomach,

iDIUS, or duodenum. Gastrojejunostomy also is per­
in gastric bypass procedures for morbid obesity.
form a small gastric pOlich that is anastomosed

-to-side with a loop of proximal jejunum. Important
~Hcations of this procedure include anastomotic leak­

;md obstruction.

Intestinal Bypass

Yany intestinal bypass procedures previously used for
erung morbid obesity have been abandoned because
dIe high incidence of complications (Fig. 3-87). Because

~ the decreased length of functioning small bowel, mal­
- rption occurred with subsequent development of

ones, renal oxalate stones, and liver disease. Bacterial
:'"'ttgrowth also occurred in the lengthy bypassed seg­

t (blind-loop syndrome).

tomas and Reservoirs

Yanolls ileostomy procedures have been developed for
:unents with total colectomy. The conventional ileostomy
umsists of a loop of ileum that is brought to the skin sur­

and empties into a bag. Kock's continent ileostomy
~resents a surgically created internal ileal pouch just
:><:neath the abdominal wall. A segment of ileum acts as

t"3J.ve in Kock's continent ileostomy, and the patient
""'pties the pouch by intubating it at regular intervals.

Oeoanal reservoir represents anastomosis of the ileum
the distal recnun after resection of rectal mucosa. After

::>e ileum is folded on itself in the shape of aJ or S, the ileal
ch is created, and ileoanal anastomosis is performed.

INTUSSUSCEPTION

Intussusception is the invagination of one bowel
p into another, with the resulting intestinal peristalsis

~ucing increasing movement of the proximal seg­
"""",t (intussusceptum) into the distal segment (Box 3-9).

susception can result in obstruction, ischemia, and
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c
Figure 3-87 Shortened small bowel secondary (0 intestinal
bypass surgery for obesity. The cecum (C) is filled early in the
examination.

sometimes perforation. Typically, an intraluminal lesion,
such as a polyp, serves as a nidus or lead pOilll, which gelS
carried by the peristaltic action into the distal segment.
A le-dd point is not necessary, however, for innlssusception
to occur. Radiographically, an intussusception has a coiled­
spring appearance as the contr....st material outlines the
intussusceptum (see Fig. 3-15). With cross-sectional imag­
ing techniques, the multiple layers of bowel within each
other produce a buU·s-eye target appearance.

Box 3-9 Causes of Small Bowel
Intussusception

Tumors, primary or metastatic
Idjopathic (typically in children)
Celiac disease (sprue)
Meckel's djverticu!um
Intestinal tubes
Cystic fibrosis
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Figure 3-88 This large intussusception was produced by a
polyp in a patient with PClItz-jeghers syndromc.

Neoplastic

Neoplasms are the most frequent cause of intussuscep­
tion in adults. Usually, they are benign tumors such as a
lipoma or adenoma that serve as lead points for the intus­
susceptums (Fig. 3-88). These benign tumors often are
pedunculated, which aids in the development of intus­
susception. Malignant tumors, such as carcinoma or lym­
phoma, rarely intussuscept because they infIltrate through
the bowel wall and not into the lumen. Malignant sarco­
mas have the potential for intussuscepting, however. Also,
metastases that develop intraluminal polypoid lesions have
been known to produce intussusception rarely; these
include melanoma, breast, and lung.

Nonneoplastic

Approximately a quarter of intussusceptions have no
known cause. Intussusceptions that occur in infants and
children typically have no known cause. Patients present
with abdominal pain and bleeding. These intussusceptions
sometimes can be reduced by a fluoroscopically guided
enema, depending on the duration of the intussusception
and the clinical state of the patient.

Sprue is another cause of benign intussusception,
although the exact reason why it develops in these patients
is uncertain. Intussusception in sprue is usually intermit­
tent or transient in nature and rarely requires any inter­
vention (see Fig. 3-20).

With the increasing use of intestinal tubes, particularly
for hyperalimentation, the incidence of intussusception
related to tubes is becoming more frequent. Some tubes

have a balloon or bag at their end, which serves as a lead
point, dragging not only the tube, but also a segment of
bowel along with it into the distal bowel. Usually removal
of the tube solves the problem.

Rarely, diverticula (particularly Meckel's diverticula)
may invert and be a lead point for an intussusception. Also.
ectopic tissue, foreign bodies, and adhesions may serve as
a site for intussusception.

POSITIONAL ABNORMALITIES

The intestines develop outside the abdominal cavity
and with time return within the abdomen. As they do this.
they rotate 270 degrees countercloch.-wise with the supe­
rior mesenteric artery acting as the central axis poinL
The final location is with the jejunum in the left upper
quadrdnt and the cecum and ileum in the right lower
quadrant. If this rotation is stopped before completion, any
sort of pOSitional variation can occur.

Rotational Abnonnalities

Nonrotation is when there is no rotation of the intes­
tines as they return to the abdomen. The ligament of Treitz
is not present, the jejunum and ileum are on the right side
of the abdomen, and the colon is on the left (Fig. 3-89)_
Malrotation refers to any degree of rotational abnormali~
between nonrotation and normal. Often, patients are

Figure 3-89 Small bowel loops are in the right upper quadr4s
in this patient with malrotation.



~tomatic, but there is a predisposition for midgut
.:hJs and aberrant bands producing partial obstmctioll.

Internal Hernias

m:rraabdominal hernias occur as the result of congenital
ra:quired defects in the mesenteries or peritoneal retlec­

These defects can incarcerate the small bowel within
~ being asymptomatic or producing obstruction and
~emi·a.

?HaduodenaI hernias are the most common, caused by
~ Jd"ect in the parietal peritoneum at the ligament of
~ Left paraduodenal hernia is much more common

right-sided hernia. Radiographically, it can be recog­
:=! as a tightly bunched loop of bowel that remains fixed
~g the study.

Other internal hernias may be due to congenital
4rn"1opmental anomalies or surgically created defects in

mesentery. The diagnosis can be made by identifying
~lloopsof bowel that appear in an unusual location

remain fairly ftxed throughout the examination.
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EXAMINATION TECHNIQUES

The pancreas is a midline elongated retroperitoneal
structure located diagonally in the upper abdomen.

148

It consists of the head and uncinate process, body, and
tail and lies in close proximity to the stomach, duodenal
sweep, left kidney, spleen, aorta, inferior vena cava, portal
and splenic veins, and superior mesenteric vessels. Its
relationship with the stomach caused early anatomists to

consider the pancreas as a "cushion" for the stomach.
The head of the pancreas is "cradled" in the duodenal
sweep, however. langerhans described the unique his­
tological structure of the pancreas in 1869. The main
duct of the pancreas is the duct of Wirsung. The rela­
tionship of the main duct and the common bile duct at
the level of the papillae varies. The ducts may open sep­
arately (approximately 20%) or have a common channel
(approximately 80%). The accessory dnct of Santorini i>
seen in about 75% of autopsy cases. It communicates
with the main duct of Wirsung and drains via the minor
papilla, ·which lies more proxinlally in the second por­
tion of the duodenum than the major duct. The minor
papilla is often difficult to detect, even with endoscopy

The pancreas performs important exocrine and
endocrine functions, and a detailed account of these
secretory functions is beyond the scope of this book..
Alkaline fluid secreted into the duodenum through the
pancreatic duct neutralizes gastric acid, and the enzymes
amylase and lipase aid in the digestion of carbohydrates
and fats and several proteolytic enzymes. Various hor­
mones, most importantly insulin, glucagon, and gastrin..
are formed in the pancreatic islets of Langerhans and
are secreted directly into the bloodstream to regulate
glucose metabolism (insulin and glucagon) and gastric
acid secretion (gastrin). Although the pancreas is nOl:
visible on plain fIlm radiography, abdominal plain films
are useful for shOWing pancreatic calcifications. An upper
gastrointestinal (UGD series may show deformity of the
stomach and duodenum secondary to adjacent pancre­
atic inflammatory or neoplastic disease. Duodenal and
proximal jejunal ulcers also may result from hyperse­
cretion of gastric acid in response to a pancreatic ga.~

trinoma (Zollinger~Ellison syndrome). Various meth()iffi



hypotonic duodenography have been developed for
roved distention of the duodenum and visualization of

lmpullary, periampullary, and pancreatic head masses.
Cross-sectional computed tomography (CI) and, in

_ ·cular, newer multitrack CT have revolutionized pan­
~tic imaging by allowing direct and detailed visualiza­

of the pancreas and the peripancreatic structures.
:"erCUtaneous drainage of pancreatic or peripancreatic
-ttid collections and aspiration or biopsy of pancreatic

- 5 also are widely performed using ultrasound guid-
.&iCe or computed tOll1ographic guidance.

I.:ltrasound examination of the normal pancreas
::sually shows homogeneous echogenicity that equals or

til' exceeds that of the normal liver. Reported meas­
~ents of the normal pancreas vary, but currently
~pted values are 2.6 em for the anteroposterior
::5amcrer of the head, 2.2 em for the anteroposterior dia­
iar'tef of the body, and 1.5 em for the anteroposterior
:5unerer of the taU. Advantages of ultrasonography
axnpared with CT include lower cost, absence of ioniz-

radiation, and multiplanar imaging capabilities. The
=Dn disadvantage of ultrasonography is poor visualiza­
:.m of the pancreas secondary to obesity or overlying
;XJWel gas. Tnterference by bowel gas may be overcome
- _ having the patient ingest water, distending the stom­
x:h and duodenum and fonning an acoustic window.
z:rrravenous injection of glucagon may aid sonographic
.-csualization of the pancreas by decreasing intestinal

tillty. Supplemental examination in prone, decubitus,
~right, or oblique positions may be necessary to evalu­

e the pancreas completely.
Optimal computed tomographic demonstration of the

~creas requires a sufficient amount of oral contrast
.=J;;lterial to opacify the adjacent stomach, duodenum,
and proximal jejunum. Rapid infusion of intravenous
crmtrast material using a three-phase technique can
.EoW clear definition of the peripancreatic arterial stnlC-

IreS and the portal system and enhancement of the pan­
=atic parenchyma (Fig. 4-1). Multidetecror CT allows

id acquisition of contiguous axial images during peak
-.scular enhancement, and images can be reconstructed

lhin slices in axial, coronal, or sagittal planes. CT is not
=ited by obesity or overlying bowel gas, and it pro­
:qdes excellent evaluation of associated peripancreatic

extrapancreatic extension of disease. Magnetic reso­
:;;gnce imaging (MRl) of the pancreas continues to offer

advantages of multiplanar imaging capabilities,
-i:!Sence of ionizing radiation, and differentiation
")ctween tissue and flowing blood (Fig. 4-2). MRI is being
5iCd more frequently as the relative cost of the exami­
;:;&ilon and image acquisition has decreased. Also, newer

ging sequences have been developed that further
~ce the evaluation of pancreatic ductal structures

parenchyma. Intravenous injection of glucagon
.zcreases motion artifacts caused by intestinal motility,
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Figure 4-1 CT shows the normal pancreatic head (H), body
(B), and rail (l).

and various negative and positive contrast agents are
available for bowel opacification. \Vith increasing
advances in MRI, it is slowly becoming an important tool
in the evaluation of pancreatic lesions.

Endoscopic retrograde cholangiopancreatography
(ERCP) remains the best of all choices for evaluating the
pancreatic duct (Fig. 4-3). Coexistent disease of the biliary
tree, such as common bile duct narrowing secondary to
pancreatic carcinoma or choledocholithiasis causing
pancreatitis, also can be evaluated by ERCP. ERCP is con­
traindicated in acute pancreatitis because overinjection
of the pancreatic duct may cause parenchymal opacifi­
cation (acinarization) and worsening of pancreatitiS.
Other disadvantages of ERCP relate to complications of

Figure 4-2 MRI through upper abdomen shows pancreas and
dilated pancreatic duct (arrows) .
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Figure 4-3 ERep shows a normal pancreatic duct (arrows).

endoscopy in general and potential trauma to the
ampulla of Vater during duct cannulation. Also, the suc­
cess rate varies and usually does not exceed 90%. The
cost and length of the procedure, the use of relatively
lengthy fluoroscopic times and radiation exposure, and
the use of routine sedation prevent it from being a rou­
tine procedure.

Because ofERCP's disadvantages, magnetic resonance
cholangiopancreatography (MRCP) is being used with
more frequency as a noninvasive method of evaluating
the ductal stnlctures. Although at this time, the resolution
of MRCP is slightly less than ERCP, it can provide useli.ll
information in a variety of circumstances (Fig. 4-4).

Figure 4-4 MRCP shows pancreatic and biliary systems on the
same image. Note dilated pancreatic duct secondary to chronic
pancreatitis.

Figure 4-5 Arteriogram shows multiple hypervascular masses in
the pancreas and both lobes of the liver. This is an islet cell tumor
of the pancreas with liver metastases.

MRCP is performed using a heavily weighted T2
sequence. Its major advantages are that the ducts can be
visualized in multiple planes, pancreatic and biliary
ducts can be imaged simultaneously, success rdte is nm
operdtor dependent, contrast agents or sedation is nm
routinely needed, and significant complications are rare..
Additionally, MRCP can be performed on almost all
patients, and the cost is considerably less than ERCP_
Negative aspects include limited resolution; motion ani­

facts, particularly of side branches; and inability to perform
therapeutic procedures. Nevertheless, it is likely that
MRCP will supplant diagnostic ERCP in the near future.

Pancreatic angiography for evaluation of pancreatic
carcinoma has been largely supphmted by ultrasound
and multidetector CT. Superselective subtraction arteri­
ography and venous sampling are still used, however, for
localiZing small insulinomas and other functioning islet
cell tumors (Fig. 4-5).

Endoscopic ultrasound shows promising results in
the detection of pancreatic head and body lesions and
especially islet cell tumors. The instrument consists of

an ultrasound transducer attached to the tip of an endo­
scope. After positioning of the transducer against the
gastric or duodenal wall, images of the adjacent pancreas
are obtained.

EMBRYOWGY

Development of the pancreas in utero is a complex
mechanism that results in a variety of anomalies and
variants. Many of these are asymptomatic, but others ca.J:O

produce symptoms in either children or adulrs
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Box 4-1 Frequency of Pancreatic
Anomalies

ll!tl.I drainage (accessory papilla) approximately 30%
.P2ncreas divisum <10%
fuopic pancreatic tissue <10%
~plasia/agencsisof a segment of pancreas
\..-mular pancreas

~ding the complex nature of this embryolog­
fannation aids in the evaluation of the pancreas
4-1)

The pancreas develops from the embryological fusion
« dorsal and ventral buds of the foregut, which grow
oiiiioii:iflg week 4 of gestation. The ventral bud begins

development to the right of the duodenwn, whereas the
dorsal bud develops from the left side of the duodenum
(Fig. 4-6). The pancreas comes to occupy a position to
the left of the duodenum by rotation of the ventral bud
and by partial duodenal rotation, both of which occur at
about week 6. The dorsal duct drains the body, tail, and
superior portion of the head of the pancreas into the
minor papilla, and the ventral duct drains the uncinate
process and inferior portion of the pancreatic head (and
the biliary system) into the major papilla. Under normal
circumstances, the ventral duct (\Virsung) fuses with the
dorsal duct (Santorini), usually around week 7. After
fusion of the two ducts, the main duct of Wirsung, con­
sisting of the ventral duct and the proximal segment of
the dorsal duct, continues to drain into the major papilla.
The distal segment of the dorsal duct, which drains into
the minor papilla, partially regresses to form the acces­
sory duct of Santorini.

Common bile duct

Dorsal pancreas

c

DuodenumB

Dorsal pancreas

Duodenum

c

Ventral pancreas

Cystic duct

~patic ducts

.::;.:mmon bile duct

FJgUrc 4-6 A, By the end of week 5, ventral and dorsal pancreatic
~ are fonning along with their ducts and the biliary system. B, Oy
.=.: end of week 6, the midgut has rotated. Also, the ventral pancreas
:mid distal conunon duct have [mated to the left of the duodenum.
c.. By week 8, the venlral and dorsal pancreatic buds have fused. Their
~ systems also have fused, and the pancreas is now draining
=mugh the ventral duct (\Virsung). (Courtesy ofDavid McVinnie, M.D.)

Common bile duct

c

Fused dorsal
and ventral
pancreas

c Duodenum
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CONGENITAL ANOMALIES

Annular Pancreas

Annular pancreas is a rare congenital abnoffilality in
which a ring of pancreatic tissue encircles the duodenum
at or above the papilla of Vater. Its incidence has been esti­
mated at 1:20,000. NOffilally, the ventral bud and the duo­
denum undergo rotation that places the ventral portion of
the pancreas to the left of the duodenum. In annular pan­
creas, the ventral pancreas does not completely rotate,
however, and there may be limited rotation of the duode­
num. 1bis limited rotation results in the ventral pancreas
forming either a partial or a complete ring arOlmd the duo­
denum. Depending on the degree of obstruction, this con­
dition may lead to an acute surgical condition in the
newborn or be asymptomatic throughout life. Annular
pancreas also may first become symptomatic in adulthood,
producing epigastric pain, early satiety, and vomiting sec­
ondary to duodenal obstmction. Gastric and duodenal
peptic ulcer disease and pancreatitis also occur with
increased incidence in long-standing annular pancreas.

A typical finding of annular pancreas on UGI series is
eccentric or concentric narrowing of the descending
duodenum with associated niucosaI effacement, but
without ulceration or mucosal destnlction (Fig. 4-7). The
proximal duodenum may become dilated, and reversed
peristalsis and dilatation of the duodenum distal to the
annular narrowing have been described. CT shows the

Figure 4·7 Bandlike narrowing of the duodc,;nal sweep is due
to an annular pancreas.

Figure 4-8 cr shows pancreatic tissue entirely surrounding the
duodenum in a patient with annular pancreas.

annulus surrounding and constricting the descending
duodenum (Fig. 4-8). On ERCP, opacification of the ven­
tral duct encircling the descending duodenum is diag­
nostic of annular pancreas. RecOlnmended treatment of
annular pancreas presenting in adulthood is surgical
bypass of the narrowed segment of duodenum. Simple
division of the pancreatic annulus is often insufficient for
relief of symptoms because of the frequent association of
duodenal stenosis and fibrosis at the site of long-standing
narrowing. Division of the annulus with transection of
the amllI1ar duct also may lead to pancreatitis and pan­
creatic fistula.

Pancreas Diviswn

Pancreas divisum is a common congenital abnormal­
ity of the pancreas, with an incidence of 11% recorded
in an autopsy series. This anomaly results from failure or
fusion of the embtyological dorsal and ventral buds
Consequently, the dorsal and ventrJ.l ducts remain sepa­
rate, with the dorsal duct draining the body, tail, anG

superior portion of the head of the pancreas into me
minor papilla, and the ventral duct draining the uncinate
process and inferior portion of the pancreatic head int

the major papilla (Fig. 4-9).

Figure 4-9 Diagrams illustrate the relationship of the ventral
and dorsal (d) pancreatic dUClS, after fusion (A) and in pan~
divisum (B).



~ 4-10 Pancreatic division. The major and minor papillae
been cannulaled, and contrJ.st material has been injected.

dorsal duct (arrow) and the short, arborizing ventral duct
~U'/)eaa) are shown. (Courte~Tof David McVinnie, M.D.)

On ERCP of pancreas divisum, injection of contrast
erial into the major papilla opacifies the short, taper·

_ arborizing ventral duct (Fig. 4·10). Visualization and
~ulation of the minor papilla are often difficult

use of its small size, but when accomplished show
_ cification of the long dorsal duct extending along
~ pancreatic body and tail. Thip.-section CT may reveal
...tM.llation of the pancreatic head, separation of the

tral and dorsal portions of the pancreas by a fat deft,
failure of fusion of the ventral and dorsal ducts.

~creatitis may occur with increased incidence in
-ents with pancreas divisum, possibly caused by

""'J't'ded drainage of the bulk of the pancreatic
nchyma through the smaU minor papilla. The asso­

-on of pancreatitis and pancreas divisum remains
troversial, however.

Ductal Duplications

There are numerous variants of pancreatic divisum, in
-eh the two ducts join but retain separate drainages to

..::::Je duodenum (Fig. 4·11). Because of the complex
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Figure 4-11 The dorsal and ventral ducts have maintained their
normal size and have separate drainage paths into the duodenum.
A small connecting channel is still present, however. This is a com­
mon variant of pancreas divisum.

nature of the joining of these ductal structures, there is
no typical eventual appearance of the pancreatic ducts.
Duplications of the ventral or dorsal pancreatic ducts
represent rare embryological abnonnalities that have been
documented on ERCP (Fig. 4-12). There is no increased
association of these anomalies with pancreatitis or other
abnormalities.

Figure 4-12 Two distinct ductal systems arc seen in the body
and tail because of a duplication of the pancreas.
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Ectopic Pancreas

Ectopic or aberrant pancreas (pancreatic rest) repre­
sents pancreatic tissue occurring in extrapancreatic
sites, most commonly along the greater curvature of the
distal gastric antnlm or in the periampullary portion of
the descending duodenum. The ectopic tissue is typi­
cally small and submucosal in location. A tiny central
umbilication that may represent a primitive pancreatic
duct is sometimes noted. Ectopic pancreas, although
usually asymptomatic, may cause gastrointestinal hemor­
rhage or obstruction, biliary obstruction, or small bowel
intussusception. Rarely, inflammatory or neoplastic pan­
creatic lesions arise within ectopic pancreatic tissue.

Short Pancreas

Short pancreas is characterized by congenital absence
of the pancreatic body and tail and a rounded appear­
ance of the pancreatic head. This anomaly most likely
results from agenesis of the dorsal pancreas and may
occur as an isolated finding or in association with the
polysplenia syndrome (Fig. 4-13).

Long Common Segment of Pancreatic
and Common Bile Ducts

The pancreatic duct and the common bile duct nor­
mally enter the major papilla either separately or
through a short common channel less than 1 em in
length. Abnormally high fusion of the ducts forms a long
common channel, usually regarded as greater than 1 em
in length (Fig. 4-14). There is an increase in abnormali­
ties of the bile ducts or pancreas when this occurs.

Figure 4-13 CT shows congenital absence of the body and tail
of the pancreas. The spleen is in its normal location. Only the pan­
creatic head is seen (arrows).

Figure 4-14 TIle ventral duct of the pancreas drains the head
of tht: pancreas into the side of the common bile duct, resulting in
a long common channel (arruw). Thi:s patient also had pancreas
divhum and a small choledochal cy:st.

One theory is that reflux of pancreatic secretions into
the common bile duct may lead to the development of a
choledochal cyst, and a long comnlon channel has been
reported to be more common in patients with chole­
dochal cysts. There is also an increased incidence of
pancreatitis with this anomaly.

PANCREATIC SIZE

Enlarged

Pancreatitis
Acute
Acute pancreatitis often causes diffuse or focal

enlargement of the pancreas secondary to inflammation
and edema (Fig. 4·15). The disease is chaidcterized b:~

acinar damage, fat necrosis, and autodigestion. Acute
pancreatitis is clinically characterized by abdOminal
pain radiating to the back. Serum amylase and lipase lev...
els are elevated, and the serum calcium level is often
reduced. Acute pancreatitis, although most often occur­
ring secondary to alcohol ingestion or gallstone disease..
also may result from various infections, medications, sur­
gical or nonsurgical trauma, and metabolic or systemic
disorders.

Abdominal plain ftlms may show generalized or focal
ileus (sentinel loop and colon cutoff sign) or abdomiru!!
fat necrosis in which hydrolyzed fat produces a mottled
appearance (Fig. 4-16). Chest film findings at the let:



E!5ure 4-15 Acute pancreatitis with swelling and edema of the
;::;;".".-e gland and hazy margins. Notc the normal pancreatic duct
,..,;T'TQu:s).

base are common and include basilar subsegmental
Arlectasis, pleural fluid, and elevation of the left hemidi­

gm. On UGI series, acute pancreatitis may cause
-.)dening of the duodenal sweep, thickening of

enal folds, effacement of folds or a reverse figure 3
amftguration as a result of duodenal fold tethering

Egure 4-16 Plain .film of patient with acute pancreatitis. Note
ions of dilated small bowel in left upper quadr:ant (arrows)

~ colon cutoff (arrowhead).
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(Sellecks folds) along the inner aspect of the duodenal
sweep, enlargement of the major papilla, or anterior
displacement of the stomach as a result of organ enlarge­
ment and fluid in the lesser sac. These fuldings are
not specific to acute pancreatitis and may be seen in
chronic pancreatitis and to some extent in pancreatic
carcinoma.

Ultrasound examination of acute pancreatitis typically
shows diffuse or focal pancreatic enlargement, hypo­
echoic parenchyma, and poorly defined contour.
Ultrasonography in these patients is frequently limited,
however, by overlying bowel gas caused by intestinal
ileus. Multidetector cr of acute pancreatitis, in addition
to showing enlargement and poorly defined contour
of the pancreas, may reveal inflammatory infiltration
of peripancreatic and extrapancreatic fat and fascial
planes. The pancreatic parenchyma usually shows
decreased attenuation secondary to edema or necrosis,
but on contrast-enhanced scans may appear diffusely
hyperdense because of hyperemia. In acute hemorrhagic
pancreatitis, a severe form of pancreatitis characterized
by parenchymal hemorrhage, inflammation, and destruc~

tion, focal areas of increased attenuation are often seen
on CT (Fig. 4-17). Ultrasonography and cr are useful
for detecting various pancreatic and extrapancreatic
fluid coUections a.lisociated with acute pancreatitis. ERCP
usually is contraindicated in the evaluation of acute
pancreatitis because injection and manipulation of the
pancreatic duct may worsen the pancreatitis. In any case
in which ERCP is used as a diagnostic tool, the incidence
of asympomatic laboratory pancreatitis is about 50%.
Acute symptomatic pancreatitis is seen in about 3% of
cases after diagnostic ERCP. The incidence increases in
therapeutic ERCP.

Figure 4-17 Enlarged p:mcreatic head in acute pancreatitis.
Note swelling and edema of pancreatic head region (arrows).



156 GASTROINTESTINAL IJ\1AGING: THE REQUISITES

CbrOl'lic
Chronic pancreatitiS is characterized by irreversible de~

struction of the pancreatic parenchyma. Similar to acute
pancreatitiS, chronic pancreatitis may cause focal or dif­
fuse pancreatic enlargement. Common clinical mani­
festations include abdominal pain radiating to the back
and severe diabetes mellitus. Amylase and lipase levels
may be elevated, nonnal, or decreased. Chronic pancre­
atitis most often results from long-term alcohol ingestion,
but also can be seen secondary to hereditary pancre­
atitis, trauma, hyperparathyroidism, and malnutrition.

Abdominal films commonly show focal or diffuse pan­
creatic ductal calculi. Most of the plain film and UGI fmd­
ings seen in acute pancreatitis also may occur in chronic
pancreatitis.

Ultrasonography and CT may show focal or diffuse
pancreatic enlargement during acute relapses of chronic
pancreatitiS. With progression of the disease, diffuse par­
enchymal atrophy and ductal dilatation result (Fig. 4-18).
Ultrasolmd may show irregular echogenicity with hyper­
echoic and hypoechoic areas secondary to fibrosis and
edema. These alterations in parenchymal echo texture
are a sensitive but nonspecific sign of chronic pancreatitis.
Other findings of chronic pancreatitiS seen on ultra­
sound examination and CT include ductal calculi,
pseudocysts and other fluid collections, and biliary ductal
dilatation (Figs. 4-19 and 4-20).

ERep is useful in assessing severity and complications
of chronic pancreatitis. Typical findings involving the pan­
creatic duct include dilatation, irregularity, anel beading of
the main duct; dilatation of side branches; periampullat)'
ductal stenosis; and filling defects and obstruction
caused by ductal calculi (Fig. 4-21). Opacification of the
biliary tree during ERCP or percutaneous trdllshepatic
cholangiography may reveal smooth stenosis or extrinsic
displacement of the common bile duct.

Figure 4-18 Patient with chronic pancreatitis. cr shows am:..­
phy of the pancreas and dilated, irregular pancreatic duct (arrows).

Figure 4-19 cr shows multiple pseudoC)'sts in a patient with
chronic pancreatitiS.

PWegmon and Abscess
In morc severe forms of acute pancreatitis, the gland

may lmdergo complete necrosis because of autodigestion..
What may be left is a diffuse, necrotic area of tissue occu­
pying the pancreatic bed region (Fig. 4-22). Typicaliv_
this area has low density, and strands of inflammatory
changes can be seen extending into the peripancreatic
areas. If this area becomes infected, an abscess can form...
This type of pancreatitis is often encountered after
trauma and sometimes as the result of instrumentation
or surgery.

Hemorrhage
Hemorrhage into the pancreas is chardcterized b~

enlargement of the gland with either focal or diffu~

areas of high attenuation (>60 HU). This increased

Fib'Urc 4-20 Chronic pancreatitis \vith atrophy of the p:m~
and narrowing of the splenic vein (arrows) is seen.



4·21 ERCP in a patient with chronic pancreatitis. TI1C

. Lic duct is grossly dilated and beaded (a,.,-ows).

-ity is distinctive and separates hemorrhage from
inflamn13tory conditions, which are typically low

-ity.

Yalignancy
Pancreatic carcinoma, islet cell tumors, and various

neoplasms may cause focal enlargement of the
1lIIfiCTeas (Fig. 4-23). Involvement of peripancreatic

secondary to lymphoma or metastatic disease may
'c focal or diffuse enlargement of the pancreas itself

_ 4-24). Sometimes pancreatitis develops proximal
:l tumor of the pancreas, which resuJts in diffuse

4-22 Diffusely cnlarged pancreas with multiple low­
. areas is due to pancreatic necrosis or phlegmon.
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Figure 4·23 Enlargement of the pancreatic hC;ld (H) repre·
scnts pancreatiC adenocarcinoma. The adjacenl duodenum (d) is
opacified.

enlargement of the gland. In these circumstances, it may
be difficult to separate the neoplastic tissue from the
inflammatory changes. A distinguishing feature may be
focal ductal dilatation proximaJ to the tumor.

Fatty Infiltration
Pancreatic lipomatosis is a disorder in which the

parenchyma of the exocrine pancreas is partially or
completely replaced by fat. Rarely, massive pancreatic
enlargement results from lipomatosis in the form of either
diffuse fatt)' infdtration or multiple nodular fatty masses.
111is condition, known as lipomatous pseudohypertrophy
of the pancreas, is of uncertain origin, but may result
from various factors, including obesity, cystic fibrosis,
diabetes mdlints, aJcoholic cirrhosis, and chronic pan·
creatitis, as well as normal aging in older patients.

Figure 4-24 Enlargement of peripancrearic area secondary to
peripancreatic nodes (mnJllJs).
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AtropWc

Normal Aging
The pancreas normally decreases in size with aging

and may appear atrophic in elderly patients (without
a history of pancreatic disease). Associated findings
include pancreatic ductal dilatation and fatty infiltration
of the parenchyma. The amount of glandular tissue evi­
dent does not reflect the degree of function of the pan­
creas} and normal pancreatic function may persist
despite apparent atrophy on imaging (Fig. 4-25).

Chronic Pancreatitis
Chronic pancreatitis often leads to diffuse atrophy of

the pancreatic parenchym;L This condition is associated
with parenchymal fibrosis, ductal dilatation, and ductal
calculi.

Pancreatic Duct Obstruction
Long-standing obstruction of the pancreatic duct may

result in parenchymal atrophy proximal to the obstruct­
ing process, involving the parenchyma surrounding the
dilated segment of the duct. The obstntction may be the
result of an impacted calculus or a benign or malignant
tumor and may be located at the ampulla of Vater or any­
where along the course of the pancreatic duct.

Cystic Fibrosis
Cystic fibrosis (mucoviscidosis) is a common genetic

(autosomal recessive) disorder in which abnormally
thick mucous secretions lead to pulmonary, pancreatic,
and gastrointestinal dysfunction. The disease may first

Figure 4-25 A diffusely thin pancreas is seen above the splenic
vein. Atrophy is probably due to chronic pancre:ttitis.

Figure 4-26 Patient with cystic fibrosis. Note the dramatic
atrophic changes in the pancreatiC bed with fatty replacement.

become evident in a neonate as meconium ileus or in a
child or young adult as recurrent pneumonia and pro­
gressive pulmonary or pancreatic insufficiency.

In the pancreas, mucus precipitates in the ducts and
obstnlcts the secretion of pancreatic enzymes into the
duodenum. This obstruction leads to intestinal malab­
sorption and steatorrhea and eventual fibrotic or fatty
replacement of the exocrine pancreatic parenchyma.
The pancreas may become diffusely atrophic with or
without fatty replacement (Fig. 4-26).

Other Abnormalities
Congenital pancreatic hypoplasia (Shwachman's syn­

drome) is a rare genetic disorder characterized byabnor­
malities of the exocrine pancreas similar to the
abnormalities seen in cystic fibrosis. In pancreatic hypo­
plasia, atrophy and fatty replacement of the pancreas
are associated with various skeletal and hematological
abnoffilalities. Viral infection, hemochromatosis, and
malnutrition also may cause atrophy and fatty replace­
ment of the pancreas.

PANCREATIC MASSES

Solid

Focal Acute Pancreatitis
Acute pancreatitis, although usually a diffuse process

may cause focal enlargement of any portion of the pan­
creas. TIle localized inflarrunatory mass may appear solid
cystic, or inhomogeneous on cr and hyperechoic. normal
or hypoecboic on ultrasonography. Focal pancre-dtic
enlargement also may be seen in chronic pancreatitis.

Phlegmon
Pancreatic phlegmon represents diffuse pancreatic

enlargement and peripancreatic infIamnlation secondar~
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Table 4-1 Epithelial ~eoplasms

Tumor Type

Ductal adenocarcinoma
.-\.cinar cell carcinoma
\licrocystic adenoma
\tucinou~ cystic neoplasm
Solid and papillary epithelial neoplasm

Texture

Solid
Solid (paniaUy necrotic)
Cystic (numerous small cysts)
CyStiC (fewer and larger cysts)
Solid and cystic

Histolo~:..y

!\'lalignant
1\:lalign:mt

Benign
Premalignant or malignant
Malignant (low grade)

acute pancreatitis. It appears inhomogeneous on cr
ultrasonography and may resolve completely or

rsen, leading to fluid collections, necrosis, or abscess
"'annation.

Ductal Adenocarcinoma
Pancreatic ductal adenocarcinoma (pancreatic carci­
rna) is the most common neoplasm of the pancreas

'Table 4-1). It represents 80% to 90% of all tumors ori­
ring from the ductal epithelium of the exocrine

p:mcreas. Approximately two thirds of pancreatic carci·
as arise in the head of the pancreas, and only 10% to
of the tumors are surgically resectable when first

goosed. Even with improved methods of detection
multidetector CI), when surgical resection is performed,

;nedian postoperative survival is less than 20 months.
"The disease has been on the increase since the early

century, but has seemed to plateau in the last
:- years. It remains a serious diagnostic challenge, how­

er. and there is some question as to whether improved
conventional imaging would be the answer, or whether

must wait on microimaging of the gland in vivo, or
ibly some specific screening serum marker that

ouId indicate the presence of this deadly killer before
<m1ptoms or imaging findings.

Clinical signs and symptoms of pancreatic carcinoma
re nonspecific and may include abdominaJ pain, weight
--. and jaundice. These signs are an indication of the

-anced state of the disease. The lack of early symp-
~ 'XIlS is the major factor in the poor prognosis associated

-th the disease. Jaundice is present in at least half of
tiems at the time of diagnosis, resulting from obstruc-

of the extrahepatic bile ducts. The presence of a
tJ"inless enlarged gallbladder in a jaundiced patient
Courvoisier's gallbladder) is highly suspicious of pan­

creatic adenocarcinoma or a primary bile duct lesion.
-GI bleeding, thrombophlebitis (Trousseau's syn-

me), and new onset of diabetes mellitus or pancre·
nitis also may be presenting clinical fmdings. Barium

dies may show extrinsic compression or muml inva­
n of the adjacent stomach, duodenum, or transverse
Ion. Ultrasonography and cr have proved much more

useful, however, for evaluating the pancreas, pancreatic
and biliary ducts, liver parenchyma, and peripancreatic
nodes, improving detection of pancreatic carcinoma and
allowing determination of resectability (Fig. 4-27). 11,ese
modalities also provide accurate guid4U1ce for percutaneous
aspiration ;:md biopsy of primary or metastatic pancre­
atic carcinoma.

Pancreatic carcinoma typically appears as a focal
hypoechoic mass on ultrasound examination and a hypo­
dense mass on cr (Fig. 4-28). Obstruction of the pancre­
atic duct by the mass often causes ductaJ dilatation and
atrophy of the adjacent pancreatic parenchyma (Box 4-2).
Coexistent obstruction of the intrapancreatic segment of
the biliary duct also may be seen in cases of carcinoma
involVing the head of the pancreas. Dilatation of the pan·
creatic and biliary ducts is known as the double-duct
sign. Although this dilatation also may result from intra­
pancreatic extension of cholangiocarcinoma, it is most
commonly caused by carcinoma of the pancreatic head
(Fig. 4-29).

Figure 4-27 Patient with pancreatic head adenocarcinoma.
Note the dilated pancreatic dUCl (arrow), nodes in the peripan·
creatic region (aN·owbeads), and Courvoisicr's gallbladder
(a,.,uw).
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Figure 4·28 Irregular hypodense mass in the pancreatic tail
(arrow) represents pancreatic adenocarcinoma. Hepatic metasta­
sis (M) and ascites (A) indicate disseminated disease.

Box 4-2 Computed Tomographic Signs
of Pancreatic Adenocarcinoma

Focal mass (low density)
Diffuse enlargement
Ductal dilatation
Proximal atrophy
Perivascular encasement

Box 4-3 Important Signs in Evaluating
Resectability of Pancreatic
Carcinoma

liver me.t'3.St'J.ses
Vascular encasement
Peritoneal i.mplants
Peripancreati.c extension
Size >3 cm
Adenopathy

Various cr criteria have been established for deter­
mining unresectability of pancreatiC carcinoma (Box 4-3).
including local extrapancreatic extension of tumor,
invasion of contiguOtlS organs, hepatic or regional nodal
metastases, malignant aSCites, and encasement or
obstnlCtion of major peripancreatic vessels. Obliteration
of fat surrounding the celiac and superior mesenteric
arteries, although usually secondary to vascular encase·
ment by pancreatic carcinoma, has been reported in
chronic pancreatitis and various nonpancreatic tumors.
including metastatic disease and lymphoma. cr has
proved to be highly effective in predicting unresectabil­
ity of tumor. Of patients in whom cr findings suggest
resectability of tumor, however, 20% to 40% are unre·
sectable at surgical exploration.

An ERCP fmding in pancreatiC carcinoma is obstruc­
tion or encasement of the pancreatiC duct (Fig. 4-30).
AJthough involvement is usually irregular and abrupt, it

occasionaUy appears smooth and tapering, mimicking

A B
Figure 4-29 A, ERCP shows adjacent mlITOwing (arrows) and proximal dil:nation of the biliary (B)
and pancreatic (P) ducts in a patient with pancreatic adenocarcinoma. B, cr shows dilatation of the
biliary ducts (arrows) and pancreatic duct (curved arrow).
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A B
Figure 4-30 A, ERCP shows abrupt occlusion of the midportion of the pancreatic duct (arrow)
caused by pancreatic adenocarcinoma. B, CT reveals the dilated, obstmcted duet in the pancreatic
body and tail (arrows).

inflammatory disease. Obstruction or encasement of the
biliary duct typically affects the intrapancreatic portion
of the duct. Less commonly, the proximal common duct
or intrahepatic ducts appear narrowed secondary to
metastatic disease involving portal nodes or liver
parenchyma. Opacification of an irregular cavity within
the pancreas may result from tumor necrosis and subse·
quent communication between the tumor and the pan­
creatic duct. In cases of biliary duct obstruction, an
internal biliary stent can be placed endoscopically dur­
ing ERCP to achieve decompression.

Similarly, percutaneous transhepatic cholangiography
may be perfonned to detect the level and degree of
biliary duct obstnlction secondary to pancreatic carci­
noma. Pancreatic carcinoma may cause irregular or
'mooth narrowing of the biliary duct. Internal or exter·
naI biliary drainage can be achieved by percutaneous
5t.ent placement immediately after percutaneous trans­
hepatic cholangiography. The most common angio­
graphic finding in pancreatic carcinoma is encasement of
peripancrt:atic arteries or veins (Box 4-4). Less common
findings include vascular occlusion, angulation, and

displacement or invasion of adjacent organs (Fig. 4·31).
Pancreatic metastases to distant sites is uncommon, but
occasionally seen (Fig. 4-32). Neovascularity is not a typ­
ical feature of pancreatic carcinoma.

Box 4-4 Vascularity of Pancreatic
Masses

HYPOVASCUIAR

Adenocarcinoma
Lymphoma
Mucinous cystic neoplasms
Most metastases
Focal pancreatitis

HYPERVASCULAR

Islet cell tumors
Microcystic adenoma
Rare metastases (melanoma, hypernephroma)
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Figure 4-31 A large cystic carcinoma of the rail of the pancre'J..S
is seen invading the adjacent spleen and splenic vein.

Acinar Cell Carcinoma and Other
Epithelial Tumors

Acinar cell carcinoma is a rare tumor arising from aci­
nar cells of the exocrine pancreas (see Table 4-1). This
tumor may be associated with elevated serum lipase
levels and disseminated intraosseous and subcutaneous
fat necrosis. Acinar cell carcinomas usuaUy appear large,
lobulated, and partially necrotic when first detected, and
liver metastases are often present. Angiography shows
moderate vascularity and vascular encasement and
neovascularity.

Other rare pancreatic tumors of epithelial cell origin
include pleomorphic carcinoma, adenosquamolls carci­
noma, and pancreatoblastoma. Radiographic findings are
similar to those of pancreatic ductal adenocarcinoma.

Islet Cell Tumors
Tumors arising from the islet cells of the pancreas

produce a variety of clinical and radiogr..phic fmdings.
Islet cells, classified as APUD cells because of their chem­
ical properties of amine precursor uptake and decar­
boxylation, elaborate various hormones, including
insulin, glucagon, gastrin, and somatostatin (Table 4-2).
APUD cells migrate from neural crest tissue during
embryological development and are found not only in
the pancreas, but also throughout the gastrointestinal
tract and in endocrine organs, including the thyroid,
parathyroid, and adrenal medulla.

Pancreatic islet cell tumors are divided into function·
ing and nonfunctioning rypes_ The functiooing rypes are
hormonally active and are divided further according to
the hormone that they produce and the subset of islet
cells from which they arise (see Table 4-2). Functioning
islet cell tumors may be associated with multiple
endocrine neoplasia type I (MEN I or Wermer's syn­
drome), an autosomal dominant disease characterized by
hyperplasia or neoplasia of the pituitary and parathyroid
glands. Approximately 15% to 20% of patients with
APUD tumors have MEN I syndrome. These tmnors are
usually multiple and may involve any subset of islet cells.
Islet cell tumors also are found in approximately 20% of
patients with von Hippel-Lindau disease, an autosomal
dominant syndrome that includes central nervous sys.­
tem hemangioblastomas, retinal angiomas, renal cell car­
cinoma, and pheochromocytoma.

Insulinoma, the most common type of functioning
islet cell tumor (about 75%), originates from the heta islet
cell and produces insulin. Approximately 90% of thest:
tumors are benign, solitary, and less than 2 cm in diame·
ter at the time of diagnosis. They produce a symptom

A B
Figure 4-32 A, Metastatic spread of primary pancreatic adenocarcinoma to the lungs. B,
Metastatic spread of pancreatic adenocarcinoma to the mediastinwn and lungs in the same patient.
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injections can detect 80% to 90% of insulinomas and
typically shows a well-defined hypervascular mass. CT
typically shows a small enhancing mass that mayor may
not deform the pancreatic contour. Insulinomas also
may be detected using radionuclide scans (Fig. 4-33).
Ultrasound examination reveals a hypoechoic, solid
mass. Because of the small size of most insulinomas,
careful technique is essential for radiographic detection
(CT with dynamic bolus and thin axial slices, real-time or

B
Figure 4-33 A, A 30-year-old woman with a small insulinoma at genu of pancreas (arrows).
B, Octreotide scan in same patient shows uptake in the epigastrium (arrow).

Tumor Type Cell of Origin Hormone Produced Malignancy (% Cases) Clinical Findings

lnsulinoma Beta Insulin 10 Hypoglycemia

Gastrinoma Alpha-l Gastrin 60 Zollinger-Ellison syndrome

Glucagonoma Alph.'l-2 Glucagon 50 Diabetes mellitus, necrolylic
migratOry erythema

Vipoma Delta-l VIP 50 WDHA syndrome
Somatost,ltinoma Delta Somatostatin 67 (4/6 reported cases) Diarrhea, weight loss

A

'.1P, vasoactive intestinal polypeptide; WDHA, watery diarrhea, hypohlemia, and achlorhydria.

Table 4-2 Functioning Islet Cell Tumors
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complex known as Whipple's triad, which consists of
hypoglycemia, central nervous system abnormalities
related to hypoglycemia (including confusion, loss of
consciousness, and seizures), and rapid response to oral
or intravenous administration of glucose.

Clinical symptoms and laborAtory evaluation usually
lead to early diagnosis of insulinoma, and radiological slid­
ies are indicated primarily for localiZing the tumor before
surgical resection. Angiography using superselective
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ltigh-frequency intraoperative ultrasound). Gastrinoma,
the second most common type of functioning islet cell
Ulmar, arises from the alpha-l islet cell and produces
gastrin. Approximately 60% of these tumors are malig­
nant, and 50% to 66% have metastasized when diag·
nosed. Elevated serum gastrin levels produce
Zollinger-Ellison syndrome, in which increased output
of gastric acid in the stomach leads to an ulcer diathesis
in the duoclenum and proximal jejunum. In 10% to 40%
of patients with Zollinger-Ellison syndrome, pancreatic
gastrinomas are associated with MEN 1.

As a result of the small size and sometimes ectopic
location of primary gastrinomas, imaging studies have
not proved reliable in their detection. Because gasrrino­
mas frequently metastasize, cr and ultrasonogmphy are
useful for showing extrapancreatic disease, however,
and determining an appropriate course of treatment. In
the absence of metastases, surgical resection of the pri­
mary tumor is curative. If metastases are present, how·
ever, gastric acid hypersecretion can be controlled by
either total gastrectomy or medical treatment with hista·
mine H

2
receptor antagonists or omepmzolc.

Glucagonomas are uncommon islet cell tumors and
arise from the alpha-2 islet cell and produce glucagon.
This slow-growing tumor is malignant in approximately
80% of cases and is often large and metastatic when fIrst
diagnosed. It usually occurs in the body Ot tail of the
pancreas and metastasizes to the regional lymph nodes
or liver (Fig. 4-34). Pancreatic glucagonomas and their
liver metastases are typically hypervascular (see Fig. 4-5).
Clinical fIndings include diabetes mellitus, anemia,
weight loss, hypoaminoacidemia, and necrolytic migrJ.·
tory erythema (a recurrent skin rash that may blister and
crust).

Figure 4-34 Contrast-cnhanced cr shows a large soft tissue
mass (M) in the pancreatic tail and an enhancing mass in the right
lobe of the liver (arrow) in a patient with metastatic pancreatic
glucagonoma. (From Goodman P, Kumar R: Diagnostic radiology
case number 11. Intern Med 12:46, 1991.)

Vipoma (VIPoma) originates in the delta-l islet cells
and secretes vasoactive intestinal polypeptide (VIP).
This tumor is malignant in ;0% of cases and occurs most
often in the pancreatic body and tail. Originally des­
cribed by Verner and Morrison in 19;8, vipoma pro-­
duces a syndrome characterized by watery diarrhea.
hypokalemia, achlorhydria, and hypovolemia (WDHA or
WDHH syndrome). TI,e primary tumor typically appears
large and hypervascular on angiography.

Somatostatinoma, a rare tumor arising in the delta
islet cell, produces somatostatin. Of the few reported
cases of somatostatinoma, most were hypervascular.
malignant, and associated with diarrhea and weight loss.

Nonfunctioning (or nonhyperfunctioning) islet cell
tumors do not produce the clinical symptoms typical of
their functioning counterparts. They constitute about
20% of all islet cell tumors. Only insulinomas and gastri­
nomas are more common. Although nonfunctioning
tumors may secrete hormones, the type or amount of
hormone produced cannot be detected or measured.

Nonfunctioning islet cell tumors are usually large and
commonly are metastatic at the time of diagnosis. They
cause nonspecific clinical symptoms related to focal
mass effect, including abdominal pain, jaundice, and g~
trointestinal bleeding or obstruction. Although typicall,
hypervascular, nonfunctioning tumors may tmdergo
focal necrosis because of their large size. Imaging studie:s
are useful for showing the large primary tumor and local
or distant metastases.

MRI shows islet cell tumors. The tumot has very ltigh
signal (white) on T2-weighted and short tau inversion
recovery imaging. GadoHnium-enhanced MRI results in
further hyperintensity of the tumor, especially d~
the hepatic artery phase. In comparison, pancreatic
adenocarcinoma shows much less enhancement 00.

T2-weighted studies and is much less vascular with
gadolinium enhancement.

Lymphoma and Other Nonepithelial Tumors
Lymphoma rarely occurs as a prinlall' tumor of the

pancreas. More commonly, pancreatic involvem
results from secondary spread of non-Hodgkin's 1,-..
phoma. Lymphoma may affect the pancreas, peripan=
atic lymph nodes, or both (Fig. 4-35). Although typi
large with solid, uniform texture, pancreatic lymph
may appear cystic or inhomogeneous on cross-secti(}f];&.
imaging studies. Other f'ddiographic flI1dings of _ ­
phoma include displacement of the pancreatic dua
vessels by the mass and displacement of the pan
itself by adjacent peripancreatic adenopathy. Lymph
may minlic pancreatic carcinoma, but is less likely
cause vascular or ductal encasement. Other rare p
atic tumors of nonepithelial cell origin include h
giomas, lymphangiomas, and sarcomas.



figure 4-35 Hypodensc masses occupying the peripancreatic
Z, and imcraortocaval regions (arrow) represent non-Hodgkin's
"'qDphoma.

lfelaStases

~tetastasis to the pancreas usually occurs through
ontiguous spread from adjacent organs, including the

rolon and stomach. Hematogenous metastases that may
::Dyolve the pancreas include renal cell carcinoma; hepa-

a; melanoma; leiomyosarcoma; and carcinoma of the
nreast, lung, ovary, or prostate, Pancreatic metastases
.zre usually asymptomatic, but may cause recurrent acute
p3Ilcreatitis (Fig. 4-36). Radiographically, pancreatic
metastases may appear solid or cystic and show variable
degrees of vascularity. Metastatic disease involving peri­
p3Ilcreatic lymph nodes surrounding the head of the
pancreas may mimic a primary pancreatic tumor. Rarely,
:;:nerastatic tissue can infiltrate the interstitium of the pan­
creas without affecting the glandular substance itself
"Fig. 4-37).

Figure 4-36 Multiple lo\v-dcnsity solid lesions in the pancreas
..cr from metastatic small cell carcinoma of the lung.
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A

B

C
Figure 4-37 A, Carcinoma of the esophagus (arrows) is scen.
B, The appearance is normal in this pancreas at the time of diag­
nosis of esophageal cancer. C, Same patient 6 months later. A bi­
opsy specimen showed nomlal pancreatic tissue with esophage-.LI
metastatic disease in the pancreatic interstitium.
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Cystic

Inflammatory pancreatic cystic lesions include focal
acute pancreatitis, acute fluid collections, retention cysts,
necrosis, and abscesses. A variety of neoplastic processes
also may appear cystic on CT (Box 4-5). Pancreatic
pseudocyst is a relatively common complication of pan­
creatitis. Pseudocysts can be of variable size and multiple
and can be found not only in or around the pancreas, but
also in sites more distant. Drainage of pseudocysts has
been controversial. Most pseudocysts are sterile, however,
and if asymptomatic probably should be left alone.
Drainage, if necessary, is probably best effected with a
percutaneous catheter technique.

Focal Acute Pancreatitis and Acute Fluid
Collection
Focal acute pancreatitis may produce a cystic-appearing

pancreatic mass resulting from localized edema. This mass
appears hypoechoic on ultrasonography and shows low
attenuation on CT. Acute fluid collections (phlegmon)
occur secondary to release of pancreatic secretions from
ruptured pancreatic ducmles in acute pancreatitis. These
colJections may be confined to the p;:mcreas or extend into
the surrounding tissues. Acute fluid collections lack a
fibrous capsule, but can be well defined or poorly mar­
ginated. Most resolve spontaneously over several weeks.

Pseudocysts
Pseudocysts are well*encapsulated collections of fluid

that develop after pancreatitis. They begin as collections

Box 4-5 Cystic Masses of the Pancreas

INFIAMMATORY

Pseudocysts and phlegmons
Abscess
Echinococcal cyst

TRUE CYSTS

Solitary
Multiple

Cystic fibrosis
Adult polycystic kidney disease
von Hippel-Lindau disease

NEOPlASTIC

Benign

Mlcrocystic adenoma
Cystic teratoma

MaUgnant

Mucinous cystic adenocarcinoma
Papillary epithelial neoplasm
Cystic islet cell tumors (rare)

Figure 4-38 Cystic masses (P) represent pancreatic pseudocysts

of necrotic tissue, secretions, ,md blood from one or
more episodes of pancreatitis. In contrast to acute fluid
collections, pseudocysts are surrounded by a fibrous
capsule. They lack an epithelial lining, however, and are
not considered true cysts. Pseudocysts occur in approx­
imately 10% of patients with acute pancreatitis, but are
more commonly associated with chronic pancreatitis
(Figs. 4-38 and 4-39). Although usually located in the
pancreas or peripancreatic region, pseudocysts may
occur in areas distant from the pancreas (Fig. 4-40).
Other causes of pseudocysts include trauma and
surgery. Although uncomplicated pseudocysts appear
cystic on CT and ultrasonography, superimposed hem­
orrhage or infection may cause the fluid contents to

appear complex or inhomogeneous. As mentioned prc*
viollsly, asymptomatic pseudocysts are probably best
left alone and observed.

Retention Cysts
Retention cysts result from focal obstnlction of pan­

creatic ducnIles. The cysts are usually small and lined
with epithelium. Although most often seen in chrOnic

Figure 4-39 L<trge pancreatic pseudocyst is seen in the i:>od!"
Notc the pancreatic calcifications proximally, caused by chronic
pancreatitis.
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A B
Figure 4-40 A, Fluid collection (P) in the posterior right hemirnord...'X represents a pseudocyst
surrounded by pulmonary consolidation. B, Pancreatic pseudocysts are seen within the medial wall
of the stomach in a patient with chronic pancreatitis.

pancreatitis, retention cysts also may occur in pancreatiC
Clfcinoma, gallbladder disease, ampullary stenosis, acute
pancreatitis, and various parasitic diseases associated with
xute pancreatitis, including ascariasis and clonorchiasis.
Hydatid disease of the pancreas may show multiseptated
~tS that represent the echinococcal daughter cysts.

Necrosis and Abscess
Pancreatic necrosis (phlegmon) represents devital·

!zed pancreatiC tissue secondary to acute pancreatitis
md resultant ischemia (Fig. 4-41). Tltis devitalized tissue

FtgW'e 4·41 Numerous air bubbles (arrow) are seen in the pan­
creatic tall of a patient with pancreatitis and pancreatic necrosis.

produces a diffuse or localized decrease in density of the
pancreatic parenchyma on CT. Pancreatic abscess for­
mation or fistulization to an adjacent hollow viscus may
complicate pancreatic necrosis, forming gas collections
within the pancreatic parenchyma in 25% of cases
(Box 46). Pancreatic abscess develops in approximately
4% of patients with pancreatitis and may require prompt
surgical debridement and drainage (Fig. 4-42).

Congenital Pancreatic Cysts
Congenital pancreatic cysts have an epithelial lining

and are classified as true cysts. Solitary congenital cysts
vary in size and may appear unilocular or multilocular.

Box 4-6 Computed Tomographic
, Differentiation of

Inflammatory Cystic Lesions of
the Pancreas

PSEUDOCYST

Low density
Wel1-defrned wall
Possible calcification

Pffi.EGMON

Variable density
Poorly defrned wall
Inflammatory changes present

ABSCESS

Variable density
\Vall variable
Gas (approximately 30%)
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Figure 4-42 A large cavity with irregular walls is seen in the tail.
This represents a pancreatic abscess.

They are seen mostly in neonates and result from abnormal
segmentation of rudimentary pancreatic ducts. CT and
ultrasound examination show their fluid content and
thin wall.

Multiple congenital cysts are usually associated
with adult polycystic kidney disease, von Hippel-Lindau
disease, or cystic fibrosis. Multiple pancreatic cysts occur
in 10% of patients with adult polycystic kidney disease
and in 25% to 72% of patients with von Hippel-Lindau
disease. The pancreatic cysts occurring in cystic fibrosis
represent the sequelae of chronically dilated pancreatic
ductal structures.

Intrapancreatic choledochal cysts and duodenal
duplication cysts are other congenital lesions that can
mimic tnle pancreatic cysts. Duplication or enteroge­
nous cysts of the pancreas itself are extremely rare.

Microcystic Adenoma
Cystic tumors of the pancreas represent 5% to 15% of

pancreatic cystic masses (see Table 4-1). Approximately
half of these tumors are classified as microcystic adenoma
(serous cystadenoma or glycogen-rich cystadenoma), and
the other half are classified as macrocystic or mucinous
cystic neoplasms (mucinous cystadenoma and cystadeno­
carcinoma). These tumors arise from ductal epithelium of
the exocrine pancreas and together account for approxi­
mately 2% to 5% of nonfimctioning pancreatic neoplasms.

Microcystic adenomas can occur in any portion of the
pancreas and are composed of numerous small cysts,
each 0.1 to 2 cm in diameter. The cysts are lined by low
cuboidal epithelium containing glycogen. These slow­
growing tumors, although often discovered incidentally,
may become large and produce symptoms of bowel or
biliary duct obstruction. About 80% of cases are first
detected after age 60, and the female-te-male ratio is 1.5: 1.
Microcystic adenoma occurs with increased incidence in

patients with von Hippel-Lindau disease. Although
microcystic adenoma is generally considered a benign
lesion, a single case of malignancy has been reported.

CT of microcystic adenoma typically shows a low·
attenuation mass on noncontrdst scans and a honey·
combed or spongy appearance on contrast-enhanced
scans as a result of hypervascularity of the septa (Fig. 4-43).
Overall, attenuation of the mass on contrast-enhanced
scans varies from solid to cystic. A central scar with or
without calcification is often present.

On ultrasound examination, microcystic adenoma
appears primarily hyperechoic or hypoechoic, depend­
ing on the size of cysts and the number of fibrous septa.
Angiography typically reveals hypervascularity and
neovascularity, but hypovascular lesions also have been
described.

Mucinous Cystic Neoplasms
Mucinous cystic neoplasms occur most often in the

tail of the pancreas and are rarely seen in the pancreatic
head. They typically are composed of no more than six
cysts, with each cyst measuring more than 2 cm in diam­
eter. The cysts are lined by tall columnar epithelium that
produces mucin. The tumors are usually large and bulk"}
when first detected. The mean age of patients with
mucinous cystiC neoplasms is 50 years old, and women
are affected six to eight times more often than men.
Mucinous cystadenoma, the benign form of mucinous
cystic neoplasm, is generally considered premalignant.

cr and ultrasonography of mucinous cystic neoplasms
show a multilocular or, less often, unilocular cystic
lesion that may contain septations, papillary projections.
or mural nodules (Figs. 4-44 and 4-45). Although contrast­
enhanced CT may show enhancement of the sepra
and cyst wall, these areas are better visualized using
ultrasound. Angiography reveals a hypovascular mass.
and peripheral curvilinear calcifications are found in

approximately] 5% of cases. In the absence of metastatic

Figure 4-43 Large mas~ (M) composed of numerous small~
repre~ents a microcystic adenoma of the pancreatic tail.
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Figure 4-44 Large unilocular cystic mass (M) in the pancreatic
ail represents a mucinous cystic neoplasm.

disease, benign and malignant lesions are difficult to
distinguish radiographically.

Mucinous Pancreatic Duct Ectasia
Mucinous pancreatic duct ectasia (duct ectatic muci­

nous cystadenoma and cystadenocarcinoma) is a rare
Ulmor of the pancreatic duct that has histological fea­
tures simiJar to those of mucinous cystic neoplasms. This
rumor consists of clusters of small, thin-walled cysts that
cause dilatation of the side branches of the main
pancreatic duct. This tumor occurs most often in the
unc.inate process of the pancreas and may undergo
malignant transformation.

Solid and Papillary Epithelial Neoplasms
Solid and papillary epithelial neoplasms of the pancreas

papillary cystic rumors) are rare tumors arising from

acinar cells (see Tahle 4-1). They most often affect young
women and can arise in any portion of the pancreas.
These large, well-circumscribed masses usually contain
solid and cystiC areas resulting from focal necrosis and
hemorrhage (Fig. 4-46). Calcifications and septations
rarely occur. These tumors are considered low-grade
malignancies with a good prognosis after resection.

Other Pancreatic Cystic Tumors
Cystic islet cell tumors of the pancreas result from

central necrosis of nonfunctioning or functioning islet
cell Ulffiors. These lesions are locally invasive and poten­
tially or frankly malignant. A similar cystiC appearance
may be seen in necrotic pancreatic ductal adenocarci­
noma and in metastatic lesions involVing the pancreas
(Fig. 4-47). Other rare pancreatic tnmors that may
appear cystic on radiographic studies include acinar
cell carcinoma, cystic terJ.toma (Fig. 4-48), lymphoma,
hemangioma, lymphangioma, sarcoma, and various
types of anaplastic carcinoma.

PANCREATIC DUCT

The normal pancreatic duct size varies, but there are
some guidelines by which to evaluate the duct.
Typically, the duct is largest in the head, usually not
exceeding 5 mm in diameter (Fig. 4-49). It gradually
tapers towards the tail, and the distal duct is typically
less than 3 mm in diameter. However, there are mild
undulations in the course of the duct in normal individ­
uals. Typically, these undulations have smooth margins
and are not abrupt changes in caliber. Even subtle
changes in caliber may indicate early disease, however.

A B
Figure 4·45 A, cr shows a large cystic mass containing septations (m'rows) and muml nodules
(curved arrows) in a patient with mucinous cystic neoplasm of the pancreas. B, Ultrasonogmm
shows numerous internal echoes throughout the mass.
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Figure 4·46 Small low-dcnsity cystic lesion in the body is a
cystic adenoma.

Dilated

Nonna! Aging
As individuals age, the pancreatic duct becomes

slightly larger. This increase in size is probably the result
of mild atrophy of the gland rather than any type of
obstnlctive condition. It is not unusual with the newer
CT scanners to identify the pancreatic duct in normal
older individuals and even younger persons; this does
not indicate disease. Distinguishing features of aging,
particularly on ERCP, are that the duct shows diffuse
enlargement, the changes are not focal, and the margins
remain smooth.

IIiiii:!!!II
Figure 4-47 Irregular cystic mass (M) represents m:crotic adeno­
carcinoma of the pancreatic tail. Hypodense hepatic lesions (m'rows)

indicate metastases.

Figure 4-48 Large cystic mass with septations was found to be
a cystic teratoma at surgery.

Pancreatitis
Chronic pancreatitis (but not acute) also results in

enlargement of the duct. This enlargement is the result
of parenchymal loss and strictures that mal' develop as
the result of repeated inflammation (Fig. 4-50). The
changes of chronic pancreatitis include multifocal to
diffuse areas of dilatation with scattered, bandlike areas
of narrowing. The side branches of the pancreatic duet
also are dilated or blunted and may show some cJubbin~

The degree of pancreatic duct change usually mirrof'
the severity of repeated inflanunation and the degree of
pancreatic dysfunction.

Figure 4-49 Ductal changes in a pancreatic duct obstruete£..
a stone (arrow). Note the dilated duct distal to the stone (u
arrow!Jeadsj and dle normal-caliber duct proximal to the
(black arrowbeads).



Figure 4-50 Dilated, tortuous main pancreatic duct and dilated
side branches arc seen in a patient with chronic pancreatitis.

Neoplasms
Neoplasms also produce pancreatic ductal dilatation;

this is the result of dilatation proximal to the strictured area
(Fig. 4-51). As the degree of neoplastic stricturing increases,
the proximal dilatation worsens and begins to resemble
chronic pancreatitis. There also is associated glandular
atrophy in the areas proximal to the tumor. Tlus dilata­
tion is identifiable because it can be seen only proximal
to the stricture. Typically, neoplastic strictures are much
longer than the strictures seen with chronic pancreatitis.

Narrowed

Pancreatitis
The most common cause of narrowing of the pancre·

atic duct is prior inflammation, as from pancreatitis.
Strictures secondary to pancreatitis can have a variety of

Figure 4-51 Dilated pancreatic duct is seen in the body and tail,
"lth a nomlal duct in the head. This is due to a pancreatiC carci­
BOma partiaUy obstructing the duet and producing changes of
~creatitis proximally.
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Figure 4-52 Bandlike areas across the ducts are a sequela of
chronic pancreatitis. Note the duplication of the pancreatic duClS.

appearances. Some features that are more typical of pan­
creatitis are multifocal, short, and bandlike (Fig. 4-52).
OccasionaUy the strictures of pancreatitis are solitary or
focal, which makes it much more difficult to distinguish
from malignant strictures. If a pseudocyst is present, it
may produce a focal compression of the pancreatic duct
and may be difficult to distinguish from malignancy.

Neoplasms
Typical stricrures produced by pancreatic malignancy

are focal and have tapered margins; dus is because
pancreatic cancer infiltrates around the duct and pro­
duces circumferential narrowing. Because the process
begins outside the lumen of the duct, the margins are
tapered or smooth, not abrupt as in other gastrointesti­
nal malignancies (Fig. 4-53).

Developmental Variation
In certain circumstances, there may be focal areas of

narrowing of the pancreatic ducts in nonnal individuals.
As mentioned previously, the pancreatic duct nonnally
has mild undulations along its course. There may be a
naturally occurring bend or narrowing where the ventral
duct of Wirsung fuses with the dorsal duct of Santorini.
To distinguish these physiological narrowings from patho­
logical strictures, one must look for proximal ctilatation
and delayed emptying on the postdrainage mm.

CALCIFlCAnONS

Pancreatitis

Radiograplucally visible pancreatiC calcifications
occur in approximately 50% of patients with cbronic pan­
creatitis secondary to alcohol ingestion. The calcifications
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Figure 4·53 Area of narrowing (m-row) is due to pancreatic
carcinoma.

lie within the pancreatic ducts and vary in size, shape
(Box 4-7), and distribution (Fig. 4-54).

Hereditary pancreatitis is an unusual form of chronic
pancreatitis that shows autosomal dominant genetic
transmission. The disease begins in childhood and recurs
throughout adult life. It is characterized by a high inci­
dence of pancreatic calculi. These calculi reside within
the ducts and are much larger than calculi seen in con­
ventional chronJc pancreatitis (Fig. 4-55). Patients with
hereditary pancreatitis have a 20% chance of developing
pancreatic carcinoma.

Pseudocysts

Pancreatic pseudocysrs sometimes have curvilinear cal­
cification in the cyst wall (Fig. 4-56). These calcifications

Box 4-7 Differentiation of Pancreatic
Calcifications

SMAll., PUNCfATE

Pancreatitis
Hyperparathyroidism
Cystic fibrosis

ROUND, L>\RGER

Hereditary pancreatitis
Ductal calculi

CURVILINEAR

Pseudocyst
Hematoma
Mucinous cystadenocarcinoma

STEllATE (STARBURSl)

Microcystic adenoma

can be thiCk and diffuse and may involve the entire
periphery of the pseudocyst. When they involve only
a portion of the cyst, they are curvilinear and indi·
stinguishable from calcifications seen in cystic
neoplasms.

Neoplasms

Mucinolls cystic neoplasms contain peripheral curvi­
linear calcifications in apprOXimately 15% of cases
(Fig. 4-57). Compared with pseudocysts, however,
the calcification involves only a portion of the wall or
septation ;md is curvilinear in appearance. Microcystic
adenomas occasionally show stellate calcification within
a central fibrous scar on plain films or cr.

A B
Figure 4-54 A, Speckled calcifications in the midabdomen represent pancreatic calculi second­
ary to chronic pancreatitis. B, UltraSOnogram shows a markedl}' dilated pancreatic duct (D) and
multiple pancreatic calcifications (arrows).



Figure 4.55 Large calculi reside in the head of the pancreas
2.CtUallr in the main pancreatic duet) in a patient with congenital

pancreatitis.

Dystrophic calcification may occur in solid and papil­
bry epithelial neoplasms. Calcifications also have been
reported in nonfunctioning islet cell tumors and rarely
ill gastrinomas associated with MEN I syndrome.
Cavernous lymphangiomas of the pancreas are rare
rumors that may contain calcifications in dilated lym­
phatic channels.

A
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Hyperparathyroidism

Hyperparathyroidism may cause pancreatitis and
pancreatic calcifications, most likely as a result of hyper­
calcemia.

Cystic Fibrosis

Pancreatic calcifications in cystic fibrosis typically
appear granular and may be either focal or diffuse.
Calcium precipitates within duated pancreatic ductules
secondary to obstruction by mucous plugs or within
the pancreatic parenchyma secondary to extravasation
of pancreatic enzymes from ruptured ductules and acini.
Pancreatic calcifications in cystic fibrosis often are
associated with marked pancreatic fibrosis and diabetes
mellitus.

Malnutrition and Other Canses

In tropical countries, an idiopathic form of pancreatitis
associated with pancreatic ductal calculi may result from
malnutrition caused by a diet low in protein and high in

Figure 4-56 A, L:uge, peripherAlly calcified mass in the left
upper quadrant represents a pancreatic pseudocysr. B, cr shows
homogeneous cystic contents (P).
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Figure 4-57 L:u'gc cystic mass (M) containing partially calcified
septations represents mucinous cystic neoplasm of the pancreas.

carbohydrates. Periphetal CalCifiC'dtiOns have been reported
in congenital pancreatic cysts associated with von
Hippel-Lindau disease. Hydatid cysts, although rarely
occurring in the pancreas, also may calcify peripherally.

Other unusual causes of intraparenchymal pancreatic
calcifications include previous trauma, hematoma,
abscess, and infarction. A calcified aneurysm of the
adjacent celiac or splenic artery may simulate an intrJ.­
pancreatic mass.

TRAUMA

Pancreatic injury occurs in 3% to 12% of patients with
blunt abdominal trauma, although it is frequently missed
on imaging if not blatant. Patients with duodenal injury
should be evaluated carefully on cr for pancreatic
injury. The fIndings may be quite subtle, including a
focal area of density change, minimal peripancreatic
stranding, or minimal focal swelling of the gland. Clinical
symptoms suggesting pancreatic injury are nonspecific.
Elevated serum amylase levels are found in 90% of
patients with blunt trauma to the pancreas) however.
Pancreatic injuries include contusion, laceration, and
transection (fracture) and most often result from
compression of the pancreatic body against the spine.
Thin·section, contrast-enhanced cr of the pancreas may
show focal or diffuse pancreatic enlargement and exten­
sion of blood into the peripancreatic and retroperitoneal
tissues. An area of decreased density perpendicular to the
long axis of the pancreas may be seen immediately after
trauma, suggesting a contusion or hematoma (Fig. 4-58).
Within hours to days, a clear zone of disruption through
the pancreatic parenchyma may become evident, indicat·
ing a laceration or transection. Ultrasound is sometimes
able to show these findings, but frequently is limited by
overlying bandages or by bowel gas secondary to intestinal

Figure 4·58 Low<Iensity area (arrow) between the body and
head of the pancreas is seen in an area of laceration following an
automobile accident.

ileus. Laceration of the pancreatic duct resulting from pan­
creatic transection is best evaluated by ERCP.

Pancreatic injury is accompanied by trauma to other
visceral structures in 75% of cases and is fatal in 10% to

20% of cases. Surgical treatment of pancreatiC transec­
tion usually consists of partial resection (when the body
or tail is injured) or repair (when the head is injured).
Complications of pancreatic trauma occur frequently
and include chronic pancreatitis, pseudocysts, pancre­
aticoenteric fistulas, and abscesses.

POSTOPERATIVE PANCREAS

Resection

Surgical resection of the pancreas may be partial or
complete. After resection of the tail Or of the body and
tail, the residual pancreas appears shortened.

TI,e standard Whipple's procedure consists of resection
of the pancreatic head and neck, subtotal gastrectomy.
duodenectomy, gaStfojejlUlostomy, pancreaticojejunos­
tomy, and choledochojejunostomy. A total rather than 3

partial pancreatectomy is sometimes performed, leading
to severe diabetes mellitus.

Cystogastrostomy

Cystogastrostomy or marsupialization represents a
surgical anastomosis of a pancreatic pseudocyst to the
adjacent gastric wall. This procedure allows the pseudo­
cyst to drain internally and eventually resolve. A UGI
series or cr using oral contrast material typically show~



Figure 4-59 Note transplanted pancreas (arrow) on the right
jjjde of the pelvis and transplanted kidney on the left side in a
;=mient with diabetes mellitus.

"'P3cification of the pseudocyst through the patent
tomosis.

Puestow's Procedure

Puestow's procedure represents an end-ta-end pan­
creaticojejunostomy. It is perfonned to allow drainage of
me dilated, but nonobstfilcted pancreatic duct in
dlronic pancreatitis. It also may involve resecting
portions of the pancreas. Puestow's procedure may be
?fTIormed in instances of tumors in the head of the pan­
creas or ampullary region of the duodenum.

Pancreatic Transplantation

Pancreatic transplantation is an increasingly per­
:iJrmed procedure for managing patients with severe dia­
~es mellitus. A cadaver donor pancreas and adjacent
"XTiampullary segment of duodenum are placed in the
xcipient's pelvis with vascular anastomoses to iliac vessels
md duodenal anastomosis to the dome of the urinary
;:;!adder (Fig. 4-59). Complications include acute
-d chronic transplant rejection, intraperitoneal or

Box 4-8 Complications of Pancreatic
Transplantation

Rejection
Peripancreatic effusions (common after surgery)
Ascites (usually indicates leakage)
Leakage
Ischemia/thrombosis
Pancreatitis and pseuctocysts
lnfection/abscess
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Figure 4-60 Cystogram after pancreatic and renal transplanta­
tion shows opacification of the urinary bladder (8) and trans­
planted duodenum (d).

extraperitoneal leakage, fluid collections (hematomas,
abscesses, and pseudocysts), fistulas, and various vascu­
lar abnormalities (Box 4-8).

Cystography has proved useful for detecting anasto­
motic leaks and fistulas by allowing opacification of
the adjacent duodenal segment (Fig. 4-60). CT is useful
for evaluating intraabdominal fluid collections and
providing gUidance for percutaneous drainage proce­
dures and pancreatic biopsies. MRI has shown some
promising results in detecting pancreatic transplant
rejection.
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liVER

The liver is the largest organ in the abdomen, weigh­
mg about 1800 g in men and slightly less in women.
Classically, the liver is divided int? right and left lobes by
the falciform ligament. Anatomical division with respect
ro vascular supply and biliary drainage differs, however,
iil that the division of the right and left lobes is to the
right of the falciform ligament, along a plane of intra­
mar division that is determined by a line drawn from
me inferior vena cava to the superior recess of the gall-

dder fossa. Medial to this line is the medial segment
- the left lobe, which is separated from the lateral seg­

ment by the vertical cleft in the surface of the left lobe,
liD which runs the ligamentum teres.

Segmental liver anatomy based on the internal vascu­
..:If supply has a much more practical application with
xspect to hepatic surgical resection. With aggressive
.zpatic resection for limited metastatic disease becoming
Z3>re cornman, segmental vascular anatomy has become
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more important. A numbering system developed by
Couinaud divides the liver into eight segments, each of
which has a major portal vein division and bile duct,
drdined by a distinct hepatic vein (Fig. 5-1).

The main blood supply to the liver is the portal vein,
which receives almost all the blood from the digestive
tract and accounts for almost 80% of blood supply to the
liver parenChyma. The main arterial supply is the hepatic
artery. which arises from the celiac axis and ascends
anterior to the portal vein and behind the common bile
duct to the porta hepatis region, where it divides into
the right and left hepatic arteries. There are three main
hepatic veins. In most individuals, the veins join before
entering the vena cava. The middle hepatic vein is the
segmental boundary between the right and left lobes of
the liver. The caudate lobe (segment No. 1) has its own
venous drainage directly into the inferior vena cava, and
in some cases, the papillary process of the caudate lobe
can extend between the portal vein and the inferior vena
cava and is occasionally mistaken for disease (Fig. 5-2).

Examination Techniques

The standard of practice for liver imaging has under­
gone a significant change over the past two decades. The
primary radiological evaluation of the liver using nuclear
scintigraphy and angiography has given way to multi­
detector computed tomography (CT), ultrasonography,
and magnetic resonance imaging (MR!).

The primary radiological technique for evaluating
the liver is CT. Computed tomographic techniques for
hepatic evaluation have evolved at a rapid pace. Helical
multidetector fast computed tomographic scanning has
markedly reduced scanning times, and resolution contin­
ues to improve with each generation of scanners intro­
duced. Quality multiplanar image reconstruction and
tluee-dimensional rendering make the newt'T generations
of CT scanners exceptionally useful in the detection of
disease and treatment planning. The continuous technical
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Figure 5·1 A 72-year-old patient with breast carcinoma and a
solitary hepatic metastatic lesion. TIle lesion (large (lrt"Qw) is
located on the boundary bdwcen segment 4a (left lobe) and seg­
mem 8 (right lobe). The boundary between the segments is
defined by the middle hepatic vein (small armw).

developments of CT being made available as diagnostic
tools (e.g., subsecond scanning and CT fluoroscopy) will
continue to make cr a modality of choice well into the
future. Ultrasonography occupies a position just behind
cr in liver evaluation, although some institutions have
moved directIy to MRI as the backup study if CT is not
defmitivc. Ultrasonography does offer the benefits, how·
ever, of no ionizing radiation and the ability to evaluate the
patency of the portal or hepatiC veins.

MRl shows great promise for the detection of selected
disease entities with excellent contrast and multiplanar

examination, breath-hold imaging, and the use of gadotit>­
ium and newer contrast agents such as superpar.unagneu:
iron oxide. There is no ionizing radiation involved, aoc
MRI is preferred for patients with renal insufficiencies....
Some difficulties remain, however, in bringing MID (
the forefront of liver disease detection. TIle length of~
examination (compared with multidetector en is the
most obvious difficulty, although we are seeing progress
in that area. The usefulness of radionucUde imaging il;.

evaluating hepatic disease has become more focused o\er
tI,e past few decades and tends now to be limited to "'dl­
uation of bUe duct or cystic duct obstruction.

Computed Tomography
Multidetectot CT is generally the acknowledged stan­

dard for liver tumor imaging. Meticulolls attention to rbc­
technical aspects of the examination is reqUired to~
its promise, however. In some instances (especially wh~
evaluating for certain metastatic lesions, breast and colo­
rectal rumors being the most common), unenhanced aoc.
enhanced evaluations of the liver are reqUired (Fig. 5-3
The use of multiphase imaging (imaging during the arterial.
early or late arterial portal, and delayed venous phases Oi"

opacification) has now become routine in many cente.rs..
with unenhanced images being obtained routinely befoo=
tI,e triple-phase imaging. This approach is arguably the
best in increasing the likelihood of detection of the
three types of hepatic lesions: hyperdense, hypodensc
and isodense lesions. [n addition to considerations 0{

vascular enhancements, attention to good opacificatioc
of the stomach and duodenum is one of the hallmarl:5
of high-quality computed tomographic liver imagin
The contrast examination is almost uniformly performed

A B
Figure 5·2 A, A long papillary process of the caudate lobe (arrow/:)eads) is seen between
the portal vein (white arrow) and the inferior vena cava (black arrow). B, Lower extension of
papWary process of caudate lobe (arrows) c:m be mistaken for adenopathy.
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Figure 5-3 A patient with metastatic carcinoid. A, Uncnhanced cr of liver shows no defects.
B, Postenhancemcnt image reveals a hypervascular liver metastatic lesion (arrow).

-log dynam..ic bolus technique and a power mJector
Ith newer software, image reconstruction times have

tmrkedly lessened.
For the pllrposes of organizing this discllssion of the

""er, radiological problems related to the computed
:omograph..ic evaluation of liver abnormalities are the

is for discussion. The role of other imaging modalities
_ appropriately included whenever possible.

Ultrasonography
Ultrasonography is a relatively inexpensive and non·

1n\"3sive method of evaluating the upper abdomen. It is
especially useful in evaluating for the presence of bile duct
obstnlction and the presence or absence of gallstones.
Because of the high incidence of gallstones throughout the
population, some argument can be made for the primary

of ultrasonography in the evaluation of upper abdomi­
m! pain when gallstones are suspected. In addition,
ultrasonography is especially lIseful in distinguishing
between cystic and solid lesions. There are Limitations,
however. Although tumor masses can be detected, the
- e·negative rate for liver metastatic disease is higher
!han with cr, and fmdings and lack of findings necessitate
>dditional evaluation, most likely by CT. For this reason,
nltrasonography is generally not the primary screening
teehnique in patients whose clinical presentation suggests
-.omething other than gallstone disease.

Magnetic Resonance Imaging
Although there continues to be considerable discussion

m the literarure of the comparative value of CT and MlU,
multidetector CT remains the standard. This is not only

for technicaJ reasons, but also for practical ones because
cr facilities are ubiquitous, whereas MRI facilities, although
deftnitely on the increase, for the most part are still cen­
tered largely in major medical centers. The great buLk of
the work being done in Mill is in the neuroradiological
and musculoskeletal area. Much progress is being made in
MRI abdominal technique, however, and with its capabil­
ity of multiple imaging sequences and impressive multi­
planar imaging, it is daily becoming a more important
imaging tool for imaging the abdomen, particularly for
liver disease. Ln the near future, MID may well be the
primary imaging tool for hepatic disease (Fig. 5-4).

Before MRJ can assume a prominent role, some
problems must be resolved. The issue of claustrophobia
within the Mill gantry is real and affects about 10%
to 15% of patients. The case for open MRI units is
augmented further by the increasing size of patients. In
addition, no generally acceptable intraluminal contrast
material that is specific for MR1 of the gastrointestinal
tract has proved effective at this time. The examination
is still lengthy compared with cr of the abdomen.
Nevertheless, the potential of MRI becoming the primary
imaging modality of the liver is great.

The basis of MR1 image formation is much more com·
plex than CT and involves many different factors, such as
hydrogen ion tissue density, Tl and T2 relaxation times,
vascular flo,,,, characteristics, and chemical shift. Various
operator-dependent factors can be manipulated that
also contribute to the image formation and conU3St. The
physics of MRI is beyond the scope of this book. Some
elemental knowledge is necessary, however, to interpret
the images appropriately, and readers are encouraged to
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A B
Figure 5-4 A pati<:nt with subcapsular hematoma. MRI in twO planes shows hematoma to advantage.
Hematoma seen on coronal (A) (black an-ow) and sagittal oblique (B) (white ClTrOW) images.

consult the many excellent books and courses that are
currently being offered in this area.

Enlarged liver without Focal Disease

Fatty Liver (Steatosis)
Diffuse fatty infiltration almost invariably resuJts in an

enlarged liver on cross-sectional imaging of the abdomen.
The liver normally appears slightly denser than the spleen
on cr (Fig. 5-5). The densities of the liver and spleen
should nol be compared on the arterial or portal phase,
however, because the spleen almost always appears

Figure 5-5 CT section through the liver and spleen shows
hepatic enlargement and decreased density throughollt the hepatic
substance as a result of fatty inHltration.

denser, which is a normal finding (Fig. 5-6). When the
liver is fatty, it appears less dense on venous and linen-­
hanced imaging. When present, Ihe diffuse form of fam­
infiltration can result in II relative increase in the contrast
of the vascular structures of the liver, making them more
prominent. Ultrasound examination of the fatty [i\'er
shows degrees of diffuse increased echotexture. Newer
MRI techniques have been shown to be increasin~

sensitive for the diagnosis of fatty infiltration of the Ih-er
(Fig. 5-7). Alternative techniques using the spectroscopic
capabilities of MRI, as in proton spectroscopic imagin
also have been used to detect fatty infiltration.

Figure 5-6 Liver and spleen seen on anerial phase COtl11IlClDl;,
shows me liver less dense than the spleen.



Figure 5·7 Tl-weighted image through the liver in a patient
.ith known fatty infiltration of the liver. Note the small, rounded
metastatic lesion seen in the periphery of the right lobe of the liver
arrow).

Fatty infiltration of the liver, although most commonly
diffuse, can occur in focal form as either isolated or multi­
ple focal lesions; this is especially tme in the hilar part of
the liver. Normally less than 5% of the liver is composed
of fat. In diffuse fatty infIltration, 40% to 50% of the liver

composed of fat. Patients may be asymptomatic or
may report vague abdominal pain. Jaundice is unusual,
but has been reported in a few patients. A large Uver
can be detected clinically and radiologically, although
-plenomegaly is unusual.

The causes of fatty liver are numerous (Box 5-1) and
generally can be divided into two categories, alcoholic and
nonalcoholic. The histological, radiological, and clinical
differences between these two are not discernible.

Most fatty livers result from chronic alcohol intake
'"80%). Relatively small amounts of alcohol can increase
hepatic fat content over a short period; this probably
represents the earliest of the toxic changes induced in the
IiYer by alcohol. Ordinarily, these short-term changes in
liver fat content are of no consequence, although they can

Box 5·1 Some Common Causes of Fatty
Changes in the liver

Alcoholic hepatotoxicity
Toxicity from chemotherapy
Hcpatitis

Hyperalimentation
((l·Antitrypsin disease
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precede more significant hepatotoxic changes of alco­
hol, progressing from fatty liver through alcoholic hepa­
titis and cirrhosis in a group of patients who either are
genetically susceptible or indulge in regular high alcohol
intake. The actual number of habitual drinkers in the
United States is difficult to estimate, but is thought by
some authors to be decreasing, as deaths from liver cir­
rhosis began to decline in the early 1970s. Women seem
to be more at risk for alcoholic toxicity of the liver. The
issue is complicated further by the presence of a 15% to
20% rate of infection with hepatitis C virus. Alcoholism
is an important risk factor in the development of hepato­
cellular carcinoma worldwide, but it is considered less
of a risk factor than viral hepatitis.

Numerous conditions can cause nonalcoholic fatty
liver (20%). Viral hepatitis may produce mild fatty
changes in the liver. Nutritional causes, such as starva­
tion and prolonged hyperalimentation, also exist. Fatty
liver has been described in Reye's syndrome in children.
It is a common finding in patients undergoing chemo­
therapy and many other types of medication. Various
metallic toxins, including antimony, thallium, and ura­
nium compounds, also have been found to result in fatty
deposition in the liver. Fatty liver has been shown in
patients who have undergone intestinal bypass surgery or
hyperalimentation. Some cases have been associated
with inflammatory bowel disease. Fatty liver has been
described in patients with diabetes mellitus and metabolic
abnormalities, such as Cushing's disease, ai-antitrypsin
disease (Fig. 5-8), and certain types of porphyria. More
recent data have suggested that metabolic nonalcoholic
fatty liver changes may be more prevalent among the
elderly.

Figure 5-8 A patient with (XI-antitrypsin deficiency with fatty
and cirrhotic liver. CT reveals marked collaterals with varices sCt:n
in the anterior abdominal wall, over the surface of tile liver, and
around the gastroesophageal junction (arrows).
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Administration of exogenous steroids is associated
with fat deposition at several sites within the body,
including the liver. Acute fatty liver of pregnancy is a rel­
atively rare disorder in which diffuse fatty inftltration of
the liver occurs during the laner part of pregnancy. This
condition is distinct from preeclampsia or toxemia of preg­
nancy. It has serious prognostic implications and often
results in hepatic failure and gastrointestinal bleeding.

Viral Hepatitis
Inflammation of the liver as a result of viral infection

can be divided into hepatitis A and hepatitis B. When
neither the A nor B viral cause can be identified, hepati~

tis is usually referred to as non-Nnon-B type (hepatitis C).

There are no specific clinical or radiological distinc­
tions in the course of either hepatitis A or hepatitis B.

Transmission for hepatitis A is known to be by the fecal­
or-dl route, and the disease tends to be milder. HepatitiS A
has worldwide distribution and is related to contami­
nated water supplies and undercooked foods, among
other factors. About 85% of patients with hepatitis A
have some degree of hepatomegaly, and about 1;%
have some splenomegaly. The incubation phase is about
2 weeks. The prodromal phase is characterized by
fatigue, weakness, and possibly vague abdominal pain.
Most infections are anicteric, especially in children. Most
patients completely recover within 2 to 3 months, and
the illness is generally benign and self-limiting.

Hepatitis B usually is transmitted parenterally, sexually,
or by perinatal exposure. About 5% of the world popula­
tion are said to be carriers. The incubation period is 60 to
120 days, and jaundice is more common than with the
A type. Complications include the risk of chronicity (5%)
or an acute, fulminant, often fatal, overwhelming infection
«1%). Patients with chronic disease are at increased risk
for cirrhosis, portal hypertension, varices, and hepato­
cellular carcinoma. Approximately 90% of hepatocellular
carcinomas result from chronic biological damage to the
liver by hepatitis B or C or hepatitis Band C cornbined.

Hepatitis C is transmitted via blood route (transfusion,
needle stick) or sexually. The prevalence of hepatitis C
in intravenous drug abusers is 40% to 80%. Because of
common transmission routes, hepatitis C and human
immunodeficiency vinlS (HIV) occurring concomitantly
is common. Transfusion risk h;:15 declined with marc
sensitive screening of donors and is expected to decline
further as yet more sensitive screening tests are intro­
duced. The overwhelming clinical presentation of
chronic disease is marked fatigue, whereas acute disease
is often asymptomatic. The incubation period for hepa­
titis C is probably between those of A and B.

HepatitiS C accounts for about 20% cases of acute hep­
atitis. At least 85% to 90% of these patients still have the
vinls at 6 months and progress to chronic disease and all
its attendant complications. Hepatitis C has become an

important factor in liver transplantation, partly because
it is one of the primary indications for transplant (about
2;% of liver transplants). Because these patients are uni­
versally viremic at transplantation, recurrence is almost
entirely predictable. With advances in posttransplanra­
tion treatment, however, orthotopiC transplantation is
now common for patients with end-stage liver disease
secondary to hepatitis B and C.

In the past 2 decades, viral hepatitis D 'md E types
have been described. Hepatitis D is similar to hepatitis B
::U1d is often found as a coinfection in the same patient
and carries the same risks as hepatitis B. Hepatitis E is a
water-bonle, fecal-oral infection not commonly seen in
Western countries except in returning travelers. Its nat~

ural history is similar to hepatitiS A.

Certain uJtrasonographic patterns of accentuated
brightness and prominence in the demonstration of the
ponal vein radicle walJs, with generalized decrease in
echogenicity of the liver (Fig. 5-9), have been described
with acute hepatitis. The role of imaging in the diagnosis
of viral hepatitis is limited, but imaging can be used to
differentiate obstructive from nonobstnlctive jaundice.
cr of the abdomen reveals nonspecific liver enlargement
and possibly some mild fatty infiltration in the acute
phase, but little else.

Liver and spleen imaging using technetium-99m sulfur
coUoid may be normal or show hepatic enlargement. If the
hepatocellular disease is sufficiently severe, there rna)
be patchy, inhomogeneous uptake and reversal of the
normal pattern of greater liver aCtivity than splenic activity.

Figure 5-9 Ultrasonogram of the liver in a patient w'
acute hepatitis shows hepatomegaly and generalized decrea.-~

echogcnicity of the liver.



Figure 5-10 A patient with carcinoma of the lung. The patient
hepatic enlargement. Computed tomographic scan obtained

mrough the liver shows multiple intrahepatic metastatic lesions.

_hift of the radionuclide to adjacent bone marrow or
lungs also may be seen in severe cases.

Diffuse Metastatic Disease
The liver is the most conunon target for metatastic

disease. Diffuse involvement of the liver by metastatic
disease can result in an enlarged liver (Fig. 5-] 0). This
rype of metastatic involvement of the liver is most com­
monly encountered with breast and lung primary lesions
md colorectal carcinomas. 111e prognosis depends on
me degree of tumor burden, although multiple liver
lesions generally have a poor prognosis, and survival,
when symptoms appear, is usually measured in months.

Budd-Chiari Syndrome
The Budd-Chiari syndrome (hepatic venous occlusive

disease) can result in hepatomegaly. There are many
possible causes for hepatic vein occlusion, ranging from
local disease, such as hepatoceUl~arcarcinoma, and adja­
cent disease, such as carcinoma of the pancreas and
kidney, to more generalized causes, such as thrombosis
secondary to polycylhemia vera, and blood dyscrasias,
such as leukemia and sickle cell disease (Fig. 5-11).
111ere is an increasing suspicion that estrogen-containing
birth control medication may be responsible for some
cases. The imaging findings depend on the acuteness or
chronicity of the condition. Acute hepatic vein occlu­
sion often results in a dramatic presentation of symp­
toms with some cases presenting with severe abdominal
pain and shock. In most chronic cases, patients present
with ascites and hepatomegaly. This presentation is
accompanied by abdominal pain in about half of the
cases. Jaundice is much less common. Clinical fmdings
center on intraperitoneal fluid and a large, tender liver.
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Figure 5-11 Plain film of the abdomen shows enlarged liver
(arrows) in a patient with sickle cell disease.

The cr appearance of hepatic venous occlusion is
mat of hepatomegaly and accompanying ascites. During
dynamic imaging of me liver, an inhomogeneous, patchy
appearance may be observed, and the hepatic veins may
not be seen clearly as a result of thrombosis and oblitera­
tion. In patients fot- whom the condition has been present
for sever;u weeks, the caupate lobe is enlarged (Fig. 5-12).
This enlarged caudate lobe of the liver is readily detectable
on er and ultrasonography of the liver. MRI features of
Budd-Chiari syndrome also include reduction of the size
:U1d number of heRatic veins. On cr and Mill, collateral
circulation may be observed, particularly involVing the
azygos and hemiazygos veins in the retrocru.raI area
(Fig. 5-13).

Other Uncommon Causes
Hepatomegaly can be seen when performing inlaging

on patients with numerous other, relatively uncommon
conditions. Patients with congestive heart failure can
experience hepatic enlargement and right upper quadrant
tenderness as a result of capsular distention on the basis of
chronic passive congestion (Fig. 5-14). Many hepatotoxic
drugs sometimes can result in hepatomegaly, including
methotrexate, methyldopa, isoniazid, acetaminophen,
nitrofurantoin, tetracycline, and halothane.
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Figure 5-12 Caudate lobe enlargement (arrows) in a patient
\vith inferior vena cava obstruction.

In Weil's disease (leptospirosis), a conunon clinical
presentation includes an enlarged liver and spleen.
Leptospirosis is a spirochete infection that is spread to
humans via antinals. In addition to the enlarged liver and
spleen, patients have constitutional symptoms of fever
and generalized myalgias and varying degrees of central
nervous system involvement.

Hepatic enlargement also may be seen as part of the
clinical picture of abnormal iron depOSition within the
liver (hemochromatosis) and Wilson's disease (hepato­
lenticular degeneration), which is a hereditary disorder
of copper metabolism and resultant copper deposition
within the liver and brain. The striking computed
tomographic finding in these diseases, particularly

Figure 5~13 Distention of the azygos vein (arrows) in a patient
with inferior vena cava obstruction.

Figure 5~14 Apatient with congcstive heart failure. Note patchy
appearance of liver and distention of the hepatic veins (large
ClTrOW). The sluggishness of the circulation causes the aorta to
remain quite bright (smallet' arrow).

hemochromatosis, is not so much the enlarged liver, but
the increased density of the liver seen on noncontrasr
studies. This increased density can be missed if the liver
is studied only during contrast enhancement.

Small or Shrunken Liver

Cirrhosis
Liver cirrhosis involves a chronic increase in fibrotic

tissue throughout the liver, resulting in distortion of the
normal liver architecture, fibrotic deposition arollild the
portal vein tributaries, degrees of portal vein occlusion.
portal vein hypertension, and redistribution of blood
widtin the upper abdomen through collaterdl circula­
tions. The ongoing fibrotic process results in decreasin
liver size, although individual segments of the liver may
maintain their size or even increase slightly. These latter
changes are often seen in the lateral segment of the left
lobe and the caudate lobe and may be related to blood
supply of the areas. The liver margins become nodular
and irregular. There is often evidence of fatry infiltratiOil
in the less severe cases. Odler associated imaging fmd-­
ings include splenomegaly secondary to portal hyper­
tension, ascites, and varices.

Generally, cirrhosis can be divided intO Dtennec's and.

postnecrotic types. From an imaging perspective, thett­
is little to tlistinguish beTWeen these two. A tllird rype at
cirrhosis associated with hemochromatosis and Wilson :!:

disease is rare. In the United Slates, cirrhosis constitutes
a relatively common cause of death in adults, with mOSt
cases secondary to alcoholic hepatitiS (Laennec's cirrho­
sis). A few cases may be attributed to the postnecrotiC'

condition.



Primary biliary cirrhosis, which is a chronic progres­
iI""'e form of bile dUCl inflammation and fibrosis, also may

included in the discussion. The diagnostic designation
-:: misleading because most of these patients present with

enlarged liver and spleen. In severe progressive disease.
typical appearance of cirrhosis may develop. This

aJIldition is seen mostly in women and usually has
.10 insidious onset with patients often presenting with

dice, prurirus, and constitutional symptoms, including
T"3gUe abdominal pain.

er of the upper abdomen of patients with advanced
crrhosis shows a small, shrunken liver (Fig. 5-15). Some
7dative increase in the size of the caudate lobe and
~era1 segment of the left lobe can be easily identified

ng with the accompanying findings of asCites, spleno­
megaly, and varices. cr also may show diffuse or focal

.- ch:;mges throughout the liver.
Superimposed disease is always a possibility, particu­

QI"ly hepatocellular carcinoma. The cirrhotic liver
'ents a potential imaging dilemma because the super­

IDlposed lesion may be masked by the cirrhotic changes,
--hich can include areas of focal fatty changes, regener­
ning nodules, and fibrosis (Fig. 5-16).

L:ltrasonography has been helpful in detecting the
~atic changes seen in cirrhosis along with the accom­
panying findings of ascites. TIle increased echogenicity

the liver is similar to the findings described for fatty
er, and differentiation cannot be made on the basis

of echotexture alone. The cirrhotic liver may appear
~aller, and there may be accompanying ascites.

egenerating nodules may be detected as areas of
ecreased echogenicity within the cirrhotic liver.

_\lthough uImlsound evaluation of the liver is sensitive
in detecting the diffuse changes, it may not be able to
differentiate between fatty infiltration and cirrhosis
or other diffuse hepatocellular diseases.

Figure 5-15 A patient 'with marked cirrhotic changes. The Liver
.as shrunken and has tatty infiltration and lobular contours.
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Figure 5-16 A patient with a small cirrhotic liver. A poorly
defined, low-attenuation lesion (an'ows) is seen on the posterior
right lobe of Lhe liver, representing hepatoccUular carcinoma.

The radionuclide liver/spleen scan shows the changes
typical of hepatocellular disease with inhomogeneous
take-up and shift of colloid to bone marrow and lungs.
The spleen appears enlarged. MRI evaluation of patients
with cirrhotic liver shows morphological fmdings similar
to those seen on cr. tvOO often shows the portal venous
system and its patency in addition to the presence of
collateral circulation around the spleen and stomach.

Lobar Atrophy
Because the blood supply to the liver is rich and

derived from the hepatic arterial and portal venous sys­
tems, hepatic infarction is highly unusual. Because the
perfusion of normal hepatocytes is about 80% supplied
from the portal venous system, however, prolonged
obstruction of the portal vein may result in atrophy of
the involved lobe (Fig. 5-17).

Other causes of Contour Abnormalities
Most of the conditions that result in ~ontour abnor­

malities of the liver are covered in the considemtion of
other radiological problems of the liver, in particular,
parenchymal focal lesions that involve the edge of the
liver, resulting in some focal bulging or deformity of the
liver capsule. This includes all fonus of liver masses, par­
tiCUlarly adenomas and hepatic cysts. Hepatic trauma also
can result in deformity of the hepatic margins as a result
of blood either within or outside the hepatic capsule. The
same may be said of subdiaphragmatic abscesses indenting
the capsular surface of the dome of the liver (Fig. 5-18).

Dissemination of peritoneal metastatic disease can
result in metastatic deposits along the peritoneal surface
adjacent to the liver and along the capsular surface
(Fig. 5-19). The most common of these lesions is ovarian
cancer, although cancer of the pancreas, stomach, and
colon can present with a similar pattern and appearance.
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A B
Figure 5-17 A. A patient with thrombus of the left parral vein (arrows). B, Four months later,
CT shows atrophy of the left lobe of the liver 'with the lateral segment almost completely absent.

Early diffuse peritoneal metastatic spread can be subtle
and is often undetected by cr. Small peritoneal metastatic
implants visualized along the peritoneal or visceral surface
of liver or spleen may be the earliest sign. These may occur
before dle development of ascites and the more obvious
mesenteric conglomerate masses known as omental
cakes.

To some extent, hepatic venous occlusive disease
(Budd·Chiari syndrome) can result in hepatic contour
abnormalities. CT in such cases generally shows ascites
and an en1'1.rged liver. Hepatic veins may be poorly delin·
eated. Because of the separate and direct drainage of the
caudate lobe into the vem, cava, the caudate lobe is
spared and appears enlarged in chronic cases. Apart

Figure 5-18 CT shows a low+(jensity extrahepatic lesion
(arrow) impressing the anterior lateral surface of the liver. This
lesion proved to be actinomycosis.

from the enlarged 'md apparently bulging caudate lobe.
the hepatic contours should otherwise be smooth.

Solitary Defects

Hemangiomas
Although hepatiC hemangiomas had been considered

["Me by clinicians, dIe experience of cross-sectional cr and
ultrasonography over the past 3 decades has confirmed
what pathologists have always maintained: This lesion is
much more common than is clinically suspected (Box 5-2).
It is thought to be the most common neoplastic lesion of
the liver, with an incidence of 2% to 5%. It is more com­
mon in women, and some lesions may enlarge widl age.

Figure 5·19 Contour deformity of the liver margin in this
patient is secondary to metastatic gastrointestinal stromal tumor.
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Box 5·2 Facts ab~out Hemangiomas

Most common benign neoplastic lesion in the liver
Capilla11' or cavernolls-capillary type most common
Usually a~1'mptomatic

Most occur in the right lobe
Primary concern is possible confusion with other

hepatic lesions (e.g., metastatic disease or hepatoma)

This lesion shows a predilection for the posterior right
lobe of the liver, and allnost 70% of hepatic hemangiomas
are subcapsular. TIley arc mostly solitary, although multi·
pIe lesions sometimes occur.

Hemangiomas can be of the capillary or the cavernous
..-ariety, with the former being considerably more corn­
man. The capillary hemangioma is, as its name implies, a
lesion COlllposed of tiny capillary-like vessels. A cavernous
hemangioma is composed of large cystic, blood-ftlled
spaces lined with epithelium~ The larger the lesion, the
more likely that it is a cavernous hemangioma.

Virtually all hemangiomas are asymptomatic. Symptoms
occur only when the lesion becomes quite large (> 4 to
5 em). Symptoms are often nonspecific-usually vague
right upper quadrant discomfort~

Although hepatic hemangiomas are rarely a clinical
dilemma, they commonly result in a diagnostic dilemma
for the radiologist. TIle appearance of hepatic heman­
giomas can simulate other serious diseases, such as
primary hepatic cancer or metastasis to the liver (Box 5-3),
This diagnostic problem often can be resolved by obtain­
ing COlllputed tomographic images of the liver using
dynamjc-enhanced technique. A low-attenuation lesion
with varying configuration and a zone of increased density
along its margin is the initial finding (Fig. 5~20). Delayed
images at the level of the lesion over the next 5 to
15 minutes show centripetal opacification of the lesion.
.-\. dynamic series of images at a pr~detennined level within
the lesion, after a mpid bolus injection, shows similar

Box 5-3 Methods of Differentiating
Hemangiomas from
Other Disease

Centripetal opacification on delayed CT
Radionuclide-tagged rcd blood cells

MRl
Char<lcteristic ultrasound patterns
Direct aspiration
Angiography
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Figure 5-20 CT section through the dome of the liver shows
multiple low-attenuation lesions in the right lobe, representing
multiple hemangiomas.

findings with the initial enhancement at the margin and
delayed enhancement centrally (Fig. 5~21)~

A sizable percentage of cavenlOUS hemangiomas do
not show the classic findings during CT; this llsually
occurs when the lesions are quite small « 2 cm) or quite
large (> 5 to 6 em). The extremely small lesions may flll
in quickly, whereas the extremely large lesions may fill
in incompletely or not at all. In the case of larger lesions,
this problem is thought to result from the presence of
thrombus and fibrosis and central scarrip.g within the
lesion (Fig. 5-22). This situation can cause considerable
diagnostic confusion in attempting to differentiate cor­
rectly between a cavernous hemangioma and more serious
disease, such as primary and secondary malignancies.

Characteristic acoustic patterns in the ultrdSound evalu­
ation of hemangiomas have been described. These have
been shown to be well-defmed, echogenic focal areas
within the liver (Fig~ 5~23)~ In small lesions «1 em) or
extremely large lesions in which there are fibrotic, cystic
changes or even thrombotic elements within the lesion,
ultrasound examination of the liver is not definitive.

.MID of the liver can be useful in the diagnosis of heman­
gioma~ On T2~weighted images, a high signal intensity is
characteristically encountered (Fig~ 5-24)~ Other lesions
occasionally can give similar appearances, such as simple
cysts or even some metastatic lesions. Although cysts usu­
ally have a long TI value, this is not always the case in
small lesions (Fig~ 5~25)~ Gradient echo technique using
in~phase and out~phase imaging is extremely helpflli.
Larger cavernous hemangiomas with fibrosis and throm­
bus formation also may give an atypical appearance
on MRl and can be confused with other liver lesions.
Gadolinuim-enhanced MRJ protocols continue to show
more promise in the specificity of hemangioma diagno­
sis by showing the same "ftIling-in" process seen on CT
(Fig~ 5~26)~



Figure 5·21 A patient with a rounded, low-attenuation lesion in the posterior right lobe of the
liver (upper left image) undergoing d)'namic scans during bolus injection at the level of the lesion.
Progressive enhancement and fill·in of the lesion are seen on the subsequent three images, consistent
with hemangioma.

A B
Figure 5-22 A, Computed tomographic section through the inferior aspect of the liver shows a
large lobulated mass that is arising from the inferior margin of the right lobe with central area of low
density representing thrombus and fibrosis within this large cavemous hemangioma. B, MRJ shows a
large hemangioma in the posterior liver (arrows) along with a prominent centrdl scar (arrowbeads).



Figure 5-23 Ultrasonogrdm of the liver shows a well-defined
echogcnic lesion within the liver (arrowheads), repn::scnting the
mo~t common ultrasound fmding in small to moderate-sized
hemangiomas.

Radionuclide imaging using tagged red blood ceUs
has been used occasionally in an attempt to clarify a
questionable hepatic lesion that rna)' be a hemangioma
(Fig. 5-27). In similar fashion, uptake is seen at the edge
of the lesion, and delayed imaging shows gradual fill-in.
The nuclear scan has exactly the same weaknesses as
described for CT.

AJthough there has been a generdl hesitancy about
performing direct aspiration biopsy on these question­
able lesions, there is a slowly developing consensus
that a thin-needle aspiration biopsy is the method of
definitive clarification and diagnosis. Relative contraindi­
cations in this diagnostic approach are patients with
coagulopathies and patients in whom the lesion is imme­
diately subcapsular.

Figure 5-24 lmage obtained through the liver on TI-wcightcd
MRJ shows a high signal intensity in a rounded hepatic hemangioma.
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Metastatic Disease
Secondary metastatic lesions to the liver are common.

Generally, the detection of such lesions is a grave prog­
nostic indicator. In the past, it was observed that only
about 5% of patients with liver metastatic disease survive
1 year beyond detection.

CT of liver metastatic lesions has shown that they come
in all sizes, shapes, and numbers. The lesions can be focal
or diffuse (Fig. 5-28). The most common appearance of
hepatiC metastatic disease on CT is a low·attenuation
lesion with respect to the surrounding liver, although
isod~nse and hyperdense lesions are encountered
(Figs. 5-29 and 5-30). There may be degrees of peripheral
ring enhancement similar to that observed in hemangioma,
although the centripetal opacific;ltion is uncommon. The
central portion of the lesion may be near fluid denSity
in lesions large enough to undergo central necrosis.
Calcifications are uncommon and tend to be seen in
younger patients with aggressive primary lesions. such
as mucinous adenocarcinomas of the colon, stomach, or
ovary (Fig. 5-31).

In general, focal metastatic disease is not difficult
to detect if the lesion is greater than 1 cm. Metastatic
disease superimposed on a fatty liver can present a diag­
nostic dile.mma, however.

The diffuse form of metastatic involvement of the liver
occasionally occurs and can be especially difficult if intra­
venous contrast enhancement is not used. Certain types
of diffuse metastatic disease that are hypervascular in
nature, such as islet cell tumors and carcinoids (Fig. 5-32),
may become isodense during the contrast enhancement
of the liver. To confuse the issue further, occasionally a
lesion is isodense on the enhanced images and well
defmed on only the postenhanced images (see Figs. 5-29
and 5-30). For this reason, preenhancement and posten­
hancement images of the liver are recommended routinely
for the evaluation of the liver for possible metastatic
disease.

In the late 19705, interest in the possible resection of
solitary metastatic liver lesions was revived. This
approaCh has resulted in increased survival times in a
select subgroup of patients.

Imaging techniques are not sufficiently sensitive to
ensure that the liver is truly free from disease. At best,
radiologists can attest to the fact tllat no metastatic disease
is seen, or that there is disease apparently limited to one
lobe. The presence of extrahepatic nodal disease negates
the possibility of hepatic resection regardless of the state
of the liver.

The increasing interest in the possibility of selective
hepatic resection for metastatic disease has resulted in
several attempts to refme the CT evaluation of the liver
and its sensitivity for metastatic disease detection. For
a time, the best approach seemed to be CT in merial
portography (CTAP). Most lesions are believed to be
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supplied largely by blood drawn from the hepatic anerial
system, whereas normal liver tissue derives most of its
blood supply from the portal venous system. In CTAP,
the porral system is flooded with contrast material while
the liver is dynamically scanned; this results in increased
contrast at the lesion-parenchymal interface and makes
subtle, smaller, or otherwise invisible lesions more
discernible.

CTAP requires arterial puncture and the advancement
of a catheter tip to the celiac axis and subsequent selective

Figure 5-25 A, Tl-weightcd MRl shows high signal of heman­
gioma in posterior right lobe of liver (arrow). n, Axial T2 fast
spin echo image shows hemangioma as bright signal (arrow).
C. Coronal T2-weiglucd im.1ge shows lesion (arrow).

catheterization of the splenic anery or superior mesen­
teric artery. The splenic artery may be preferred because
of dilution factors and streaming artifacts associated with
superior mesenteric artery injection portography. After
placement of the catheter tip in the splenic artery, an
injection bolus of 60 to 80 mL is given, followed by
dynamic in13ging of the liver (Fig. 5-33).

crAP has resulted in improved sensitivity in the
detection of liver metastatic disease during the preheli­
cal single-tract scanning CT era. With multidetector cr



Uver and Spleen 191
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Figure 5-26 Gadolinium-cnhanced MRI shows filling-in phenomenon, such as is common with
cr of hemangioma.

A B
Figure 5-27 A patient with suspected hepatic hemangioma. A, MRI shows high-signal lobulated
lesion in right lobe (arrow). B, Radionuclide-tagged red blood cell scan confirms diagnosis of
hemangioma (arrows).



192 GASTROINTESTINAL IMAGING: THE REQUISITES

Figure 5-28 This patient has widespread metastatic lesions of
the liver, with markedly varying sizes and resultant hepatomegaly.

Figure 5-29 CT through the dome of the liver shows an isolated
metastatic lesion.

Figure 5-30 In the same patient as in Figure 5-29 after intravenous
administration of contrast material, the wcU-defined lesion seen on
the preenhancement scan has become isodense.

Figure 5·31 Hepatic metastatic lesion (arrows) from a muci­
nous adenocarcinoma of th'e rectum shows calcifications within
the center (arrowheads).

and the opportunity to acquire high-quality images in
arterial, venous, and portal phases of the examination.
however, the need for crAP has diminished.

Sonography has not proved to be the diagnostic imago
ing method of choice for hepatic metastatic disease when
cr or MRI capabilities are available. The false-negative
rate is generally higher than with CT, ,md apart from
distinguishing fluid from solid tissue, lesion characteri·
zation is often limited and nonspecific.

Currently, multidetector er is the primary imaging
modality for the detection of hepatic metastatic disease_
Studies comparing multidetector CT and MRl sensitivity
in the detection of hepatic metastatic lesions have been

Figure 5-32 Large carcinoid metastatic lesions to the ti~

are seen.



Figure 5-33 CTAP with injection of the splenic artery. Notc the
byperdense appearance of the spleen and a portion of the gastric
9O"3.ll. Several defects are now clearly shown, predominantly in tile
right lobe of the liver.

conflicting, but show an increasing ability to show smaller
lesions using liver-specific contrast agents (Fig. 5-34).

Cysts
Simple congenital hepatic cysts are common. These

lesions probably arise from defects in bile duct develop­
ment in utero. They are rarely symptomatic, and liver
function is usually llllaffected. Cysts tend to be more
common in women and more commonly localized to the
right lobe of the liver. They range in size from
5 mm to 10 to 12 em. Most congenital cysts have an
epithelial lining and are filled with clear or cloudy fluid.

Cysts can occur as an isolated hepatic lesion or as
multiple lesions involving both lobes of the liver. \Then
the cysts <Lre multiple, concomitant cystic disease of the
kidneys, pancreas, and ovaries may be present. In 20% to

Figure 5-34 MRI of the liver shows a I-em hepatic metastatic
lesion (arrows).
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Figure 5-35 er through the liver of a female patient shows
multiple, benign hepatic cysts of varying size.

50% of patients with polycystic disease of the kidneys,
hepatic cysts (usually asymptomatic) can be identified.

CT of hepatic cysts discloses a sharp, well­
circumscribed, low-attenuation lesion with extremely
thin or no discernible walls (Fig. 5-35). Cysts are usually
round. The internal content is homogeneous and low
denSity, with Hounslield numbers approaching those of
water. Generally, no change occurs in the internal den­
sity of the cysts with intravenous contrast enhancement,
although the cyst itself gives the appearance of being
more lucent because of the increased density in the
surrounding liver tissue. Extremely small cysts are diffi­
cuJt to evaluate and difficult to get a cursor on to obtain
accurate density numbers (Fig. 5-36).

Ultrasonography is often helpful in distinguishing a
simple cyst from a low-density solid lesion, such as an
abscess, necrotic tumor, echinococcal cyst, or cystic
neoplasm. The ultrasound characteristics are a focal,
well-defined anechoic defect within the liver, through­
transmission, and acoustic enhancement of the far wall
(Fig. 5-37).

MRl characteristics of hepatic cysts also are charac­
teristic, with a low signal on Tl-weighted images and a
very high signal on T2-weighted images. The relatively
long Tl and T2 values are helpful in differentiating
simple cysts from most hepatic neoplasms (Fig. 5-38).
A hemangioma can give a similar signal pattern, how­
ever. In addition, difficulties may be encountered when
imaging infected or bloody cysts.

Trautna
Contrast-enhanced multidetector CT is the modality

of choice in the imaging evaluation of patients with
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Figure 5-36 Two small cysts (curved anvws) arc seen near the
margin of the liver and measure approximately 1 em. They were
eonfmned by ultrasound examination.

blunt trauma to the abdomen. Blunt trauma to the
abdomen resulting in hepatic laceration is most com­
monly seen as a solitary laceration or br.mching area
of linear attenuation within the substance of the liver
(Fig. 5-39). A fractured liver with multiple lacerations is
uncommonly seen because these patients usually die
before computed tomographic evaluation. In the
uncommon event that patients do survive, their condi­
tion is usually unstable, and they are candidates for

A

Figure 5-38 TI-wcightcd Mill shows high signal from a small
hemangioma in the left lobe (wbile arrow) and low signal from an
adjacent cyst (black "rrow).

emergency exploratory surgery. Trauma can be con­
tained within the liver capsule or result in capsular tear
and intraperitoneal bleeding (Fig. 5-40). Longer term
complications include infection, abscess, and chronic
bile leak.

Hepatocellular Carcinoma
Hepatocellular carcinoma or hepatoma is a slow­

growing, but nevertheless malignant, lesion originating

Figure 5-37 A, Large circular cyst seen in liver on cr (arrow). B, This is also weU shown on
ultrasound examination (a,·"O'lvs).



Ftgnre 5-39 A patient with blunt trauma to the abdomen. cr of
~ reveals an irregular linear defect (an-ow). No blood is seen
.ttOund the liver.

in liver parenchymal cells (Box 5-4). It is the seventh
most common tumor in men and the ninth in women
.and the most common primary hepatic malignancy.
Distant metastatic involvement is unusual, but has been
reported. Seventy-five percent of patients have contigu­
ous or lymphatic extrahepatic spread of tumor at the
time of diagnosis and are unresectable. In addition, por­
ral vein thrombosis is seen in 50% of patients (Fig. 5-41).
Invasion of the hepatic venous system can result in
a Budd-Chiari-rype picture. An elevated serum alpha­
fetoprotein level is a good (but not absolute) serum
indicator of the presence of hepatocellular carcinoma
(or hepatoblastoma in children).

Figure 5-40 This patient was in a motor vehicle accident and
sustained blunt trauma LO the abdomen and lacerated liver. Blood
is seen around the liver, around the spleen, and in the porta hcpatis
region (curved Cln·ows). Laceration is not shown on this image.
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Box 5-4 Facts about Hepatoma

Risk factors: hepatitis B infection, hepatitis C infection,

cirrhosis, exposure to hepatocarcinogens
Associated with elevated alpha fetoprotein
seen in the United States, bur much more common

in pans of Asia
Imaging assessment by CT, CTAP, MRl, angiography

Poor prognosis

The tumor seems to be more common in women and
it is relatively common in the Far East, attributable to the
presence of various parasites (especially liver flukes),
diet, and a high incidence of hepatitis B or hepatitis C. In
the West, the tumor is much less common. A definite
relationship between hepatic cirrhosis and hepatocellu­
lar carcinoma exists, however. Almost 75% of patients
with hepatocellular carcinoma have either cirrhosis or a
history of cirrhosis. The risk of hepatocellular carcinoma
is higher in patients with hemochromatosis of the Liver.

Certain other risk factors have been described .
Cirrhosis is the most common; 80% ofhepatoceUular car­
cinomas develop in cirrhotic livers secondary to hepati­
tis Band C and chronic alcoholism. In recent years, the
use of anabolic steroids has been thought to place indi­
viduals at an increased risk for this disease.

Patients often present with cachexia, weakness, right
upper quadrant pain, and weight loss. Clinically, an
enlarged liver is commonly detected. Multidetector cr
may show a solitary mass or multiple masses with a dom­
inant lesion and multiple satellite lesions. The mass is
usually of low attenuation (Fig. 5-42). A few patients
«10%) have some calcification within the lesion. In
addition, the size of the lesion may be exaggerated on

Figure 5·41 Large hepatoccUularcarcinoma involving mOSl of the
righllobe of the liver. Note thrombus in the portal vein (arrows).
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Figure 5-42 Large inhomogeneous lesion occupying and
expanding most of the left lobe of the liver, representing
a hepatocellular carcinoma.

CT by the presence of regional portal vein thrombosis
in 50% of patients. Thrombosis may be seen on CT as
regional wedgelike shapes of low density projecting
peripherally. Extrahepatic bleeding sometimes occurs,
and a positive peritoneal tap for blood in suspected
cases of hepatoma in the pre-Cf era was considered
a strong diagnostic sign (Fig. 5-43).

In patients with a background of cirrhosis, involve­
ment of the liver with hepatocellular carcinoma tends to
be more diffuse and presents a diagnostic difficulty in
differentiating among regenerating nodules, metastatic
disease, and primal)' hepatic carcinoma. It is prudent to
consider any low-attenuation lesion in the cirrhotic liver
as a hepatocellular carcinoma until proved otherwise.

Figure 5-43 An 83-year-old man with hepatocellular carcinoma
(hepatoma) presents with orthostatic hypotension. cr shows
lesion in tip of liver (large cn-mw) and surrounding blood in Imver
perihepatic space (small arrows).

Figure 5-44 MID in the same patient as in Figure 5-30 shows
high signal within the lesion on T2-weighted image.

Multiple patterns have been described for the ultra­
sonographic presentations of this lesion. These range
from discrete echogenic to relatively echo-free lesions.
Lesions can have a mixed echo pattern, or there may
be diffuse disease. MRl of hepatocellular carcinoma
approaches CT in its accuracy. In large lesions, findings
can be nonspecific and to some extent depend on
the amount of fibrosis and necrosis within the lesion
(Fig. 5-44). Generally, this lesion displays low signal
intensity on Tl-weighted images with an increase in
signal intensity on T2-weighted images. MRI has proved
to be quite superior, however, in showing vascular
involvement by this tumor (Fig. 5-45).

Fibrolamellar hepatocellular carcinoma is a rare vari­
ety of hepatocellular carcinoma more commonly seen in
younger patients with a roughly equal sex distribution.
There is a tendency for intralesion calcification and
central scar formation. There is a better prognosis with
lesions being more amenable to surgical resection.
Fibrolamellar hepatocellular carcinoma does not seem to
respond any better to chemotherapy than conventional
hepatocellular carcinoma. These lesions do not secrete
alpha fetoprotein and are usually not associated with
chronic hepatitis B or C. On computed tomographic
examination, these lesions usually appear as large SOlitary
hypoattenuating masses. In the arterial phase, there may
be peripheral enhancement. In the portal and delayed
phases, there is increased homogeniciry possibly
approaching isodensity (Fig. 5-46).

Adenomas
Hepatic adenomas are focal, well-differentiated

benign lesions of the liver. They are usually solitary.
More than 90% of these lesions are found in women. The
lesions are generally well encapsulated. The incidence
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A B
Figure 5-45 A, CT in patient with hepatoma. The lesion is large and lobulated. B, Spin echo
T2-weighted MRI shows lesion with tumor in portal veins (black arrow). Uninvolved veins are seen
distal to the lesion (wbite arrow).

A

Figure 5-46 A, A patient with fibrolamellar hepatocellular
carcinoma showing a large low-density lesion with marginal
enhancement on the arterial phase. B, There is greater enhancement
on the portal phase. C, Near isodensity is seen on the venous phase.

B

c
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of hepatic adenomas has increased over the past four
decades and is thought to be related to the increased use
of oral contraceptive pills. Given the incidence of this
lesion and the number of women using ord.l contracep­
tive pills, however, the risk seems exceedingly small,
and it is possible there are other factors, such as genetics,
to be considered. The incidence of hepatic adenomas
in some glycogen storage diseases also has increased.
Generally, the malignant potential of hepatic adenomas
is considered low. Yet the suspected increased inci­
dence of hepatocellular carcinoma in women taking oral
contraceptive pills raises the question of some degree of
malignant potential.

Adenomas tend to be hypervascular, and internal
hemorrhage can lead to blood-fl1led cysts within the ade­
noma (Fig. 5-47). They are usually asymptomatic. Serum
alpha-fetoprotein levels are normal. When symptoms do
occur, they are usually acute and in 50% of the cases
result from bleeding. The adenomas can be subcapsular
or pedunculated on the edge of the liver, and bleeding
can occur into the peritoneal cavity, resulting in a surgi­
cal emergency. The incidence of bleeding in hepatic
adenomas is increased in women taking oml contracep­
tive piUs.

Hepatic adenomas present as discrete masses, usually
solitary on dynamic cr. They are commonly hyperdense.
If hemorrhage or internal necrosis has occurred, the
tumor can be heterogeneous in its appearance with

Figure 5-47 Vascular study during venous pha~e in a patient
with pedunculated hepatic adenoma ~hows well-defined hyper­
va!)Cular lesion (arrowheads).

Figure 5-48 Large heterogeneous lesion involving the upper
portion of the right lobe of the liver with perihepatic bleeding that
proved to be a hepatic adenoma in a young woman.

focal areas of low attenuation (Figs. 5·48 and 5-49).
Ultrasonography shows variable patterns, depending on
the presence of intralesional bleeding. Bleeding results
in a decreased echogenicity within the lesion. Otherwise,
the adenoma is seen as a hyperechoic solid lesion
(Fig. 5-50). Similar to hepatocellular carcinomas, hepatic
adenomas are best shown on T2-weighted MR!.

Focal Nodular Hyperplasia
Focal nodular hyperplasia is the third most common

benign tumor of the liver, but is nonetheless a relatively
uncommon lesion. It is best described as a well-defined
hepatic lesion, commonly solitary, composed of bundles
of benign hyperplastiC hepatocytes arranged around a
stellate fibrous ceotml scar. The etiological origins are
unclear, although there is evidence to suggest that some
degree of hormonal dependency is involved in either its
origin or its growth. In contrast to hepatic adenomas
(fable 5-1), differences in incidence between men and
women are less striking, and there is a much smaller
tendency for the lesion to bleed or rupture. Generally,
focal nodular hyperplasia is asyolptomatic. A few patients
have vague right upper quadrant pain.

Most patients are women (70% to 80%) 30 to 40 years
old. A relationship between focal nodular hyperplasia
and the use of oral contraceptive pills has been postu­
lated but not proved.

The lesions can be single or less commonly multiple.
The mass is composed of hyperplastic liver parenchymal
elements often partitioned into bundles by fibrous bands
radiating from a large central scar. This configuration is

seen in approximately 60% of patients with focal nodular
hyperplasia. The size of the lesions varies from 1 to 20 em.
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Figure 5-49 A, Sagittal reconstruction of a large hepatic adenoma with some perihepatic bleed­
ing. B, Coronal oblique reconstruction of same patient shows the degree of extensive involvement.

They are seen most commonly in the right lobe of the
liver.

CT may show an isodense or hypodense lesion on
the unenhanced scans (Fig. 5-51). Similar to hepatic ade­
nomas, the lesion shows an increase in homogeneous
enhancement after intravenous contrast enhancement
(Fig. 5-52). There may be an area of low attenuation in
the center of the lesion if a central stellate area of scarring

Figure 5-50 Ultr.lsonogram in a young woman with hepatic
adenoma shows a large hYPlTechoic lesion (arrowhead).

is present. It is sometimes difficult to differentiate between
hepatic adenoma and focal nodular hyperplasia on CT.

The ultrasound appearance is of a mass that may
appear less echogenic than the surrounding normal liver.
It also can appear isoechoic with the surrounding liver.
Identification of the central scar may be helpful and is
manifested by dense internal echoes.

MRl may be helpful. There is a tendency for the lesion
to be isodense on all pulse sequences (Fig. 5-53). If the
central scarring complex is present, this tends to have
a low signal on Tl-weighted images and a higher signal
on T2-weighted images (Fig. 5-54). On technetium-99rn
sulfur colloid scans, focal nodular hyperplasia, because
of the presence of Kupffer's cells, can show normal or
near-normal uptake and may be indistinguishable from
surrounding liver (60% to 70%) tissue, whereas a hepatic
adenoma is almost always a cold defect.

Treatment is usually reserved for symptomatiC cases in
which the lesion is large and in which surgical resection
would be curative.

Abscesses
Hepatic abscesses can be bacterial, paraSitIC, or

mycotic. Bacterial or pyogenic abscesses are focal col­
lections of pus within the liver. Most pyogenic abscesses
occur as an extension of infection ascending through the
biliary tree (ascending cholangitis). Hematogenous
spread through the portal vein or the hepatic artery or
direct contiguous spread from an adjacent site of infec­
tion also can cause hepatic abscess formation. Hepatic
abscesses also can be seen in posttraumatic events involv­
ing the liver. Most commonly, a gram-negative organism
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Table 5·1 Distinctions bet\\'een Hepatic Adenoma and Focal Nodular Hyperpla.,ia

Sex dislrihution
Relationship to oral

cOlltr:lccptives

Clirtical presentation
P3thology
Radiology

FNH, focal nodular hn>erplasi3.

Hepatic Adenoma

Predominantly women
Related to long~term use of oral

contraceptives

50% bleed
Usually solitary adenomntous lesion
Can be difficult to distinguish from FNH

Focal Nodular Hyperplasia

Predominantly women
Relationship not well understood; may be no etiological

relationship, but oml contraceptives may contribute
to growth of lesion

Often asymptomatic: may complain of abdominal pain or mass
Proliferation of hepatocytes divided by fibrous septa
TechneLium-99m sulfur colloid liver scan can be helpful

in 60%-70% of cases

Figure 5·51 Focal nodular hyperplasia in a young woman in the
dome of the liver is isodense in the al1erial phase.

Figure 5·52 Same patient as in Figure 5-51. Focal nodular hyper­
plasi:l is now seen as a focal area of increased attenu:ltion in the
portal phase (arrow).

is involved. The clinical course without therapeutic
intervention is almost uniformly a rapid downhill decline
and death.

Early symptoms vary and include fever, chills, sweat·
iog, right upper quadrant pain, pleuritic pain, nausea,
and vomiting, Many patients have abnormal liver func­
tion tests, and one third of patients have some degree
of jaundice. The size of the lesions varies, from 1 to
20 em (Fig. 5-55). The smaller the abscess, the higher

Figure 5-53 Coronal MRI shows pedunculated focal nodubt
hyperplasia (an'ows) of the same density <IS the rest of the liver_



Figure 5~54 MRl through a pedunculated high-signal lesion at
me lower margin of the liver. The lesion proved to be focal nodu­
br hyperplasia. Note the central scar (arrows).

the probability of multiple sites within the liver.
_\pproximately 50% to 70% of patients have multiple
lesions. Of the lesions, 80% occur in the right lobe of the
liver. CT of the liver generally discloses a low-attenua­
tion lesion with a peripheral rim that usually enhances
after intravenous contr'd.st. Internally the liver may have
septations or papillary projections (Fig. 5-56). In about
one ftfth of cases, gas bubbles can be detected. Air-fluid
ie\'els are identified occasionally. Lesions may be solitary
or multiple, or there may be a grouping of lesions, gen­
<:Tally in the right lobe with one large and several small
x1jacent lesions (Fig. 5-57). The computed tomographic
ppearance can be simulated by metastatic disease,

Figure 5-55 Large hepatic abscess occupying most of the right
of the liver. Note thc internal scptations, air-fluid levels, and
irregularity of the lesion.
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Figure 5-56 This patient has a large septated pyogenic abscess
occupying the medial segment of the left lobe of the liver.

although the clinical presentations are different. Needle
aspiration is the most helpful method of differentiation.
MRl of hepatic abscesses provides no additional speci­
ficity above CT. Ultrasonography generally shows a focal
area of decreased echogenicity. If there is gas within
the abscess or internal septations, internal echoes are
generated.

Hepatic amebic abscesses, although common in many
parts of the world, are rarely seen in the United States
and Canada. It is thought that they are secondary to
colonic amebiasis. Approximately 5% of these patients
are estimated to have hepatic abscesses. Amebic abscesses

Figure 5~57 cr through dome of the liver shows a large abscess
(arrows) with several small satellite abscesses (arrowheads).
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also can be seen within the lungs and brain. The organ·
ism, Entamoeba histolyticQ., is thought to enter the liver
through the portal venous system. For that reason, the
lesions tend to be peripheral in location. The classic
"anchovy sauce" appearance of the contents of hepatic
amebic abscess results from a combination of internal
liquefaction, hepatonecrosis, and bleeding. The cysts are
mostly solitary with thick, shaggy walls. Complications
of these amebic abscesses include rupture upward
through the diaphragm into the pleural or pericardial
spaces or downward into the peritoneal cavity.

Patients almost always present with abdOminal pain.
Fever, weight loss, and symptoms relative to colome
involvement also may be present. Diagnosis is usually
based on history, clinical presentation, and positive
hemagglutination titers. Although considerable reluc­
tance to perform needle aspiration of these lesions
existed in the past, this procedure is being done today,
with little or no occurrence of the catastrophic compli­
cations previously anticipated. The computed tomo­
graphic appearance of amebic abscesses in the liver is
similar to that of pyogenic abscesses. Amebic abscesses
tend to be unilocular, however (Fig. 5-58). Ultrasonogr<lphy
often shows ill-defmed walls around a generally SOlitary
ovoid lesion located near the liver capsule. Echogenicity
within the lesion is decreased.

Echinococcal infection of the liver (hydatid cyst dis­
ease) can occur in two forms, Ecbinococcus granulosus
or, less commonly, Ecbinococcus multilocula1·is. The
former is more likely to involve the liver with large
encapsulated cysts. The adult worm bves in the small
bowel of the definitive hosts. Animals, particularly dogs,
are the definitive hosts, whereas humans, sheep, cattle,

Figure 5-58 cr through the liver of a patient with known ame­
bic absccss of the posterior right lobe. Note the well-defmcd mar­
gins of the abscess and the internal septation on this enhanced scan.

and other animals become the intermediate hosts after
contaminant ingestion of the parasitic eggs. The eggs
hatch in the small bowel and colon of the intermediate
host, and the larvae penetrate the bowel wall and pri­
marily enter the portal blood system. In hydatid disease,
70% of the larvae are carried to the liver. The remaining
larvae are carried to distant sites, such as lungs, spleen,
and brain. In the liver, the larvae encyst, and for a long
time the patient may be asymptomatic. Symptoms
develop as the cyst grows and enlarges (usually>10 cm).
Occasionally, the parasite wes, the fluid is absorbed, and
an encapsulated, calcified lesion is all that remains. In
cases of Viable, long-standing cysts, calcification also may
occur in the wall. The major clinical problems arise as a
result of complications associated with the cysts. These
complications can result from the pressure on the biliary
system, raising the possibility of obstructive jaundice.
The most significant complication is rupture into
the peritoneal cavity, alimentary canal, or biliary tree.
Cephalad development of the cysts could result in rup-­
ture into the pleural caVity or even the pericardial space.
Rupture, especially into the peritoneunl, is accompanied
by profound shock, peritonitiS, and possibly anaphy­
laxis. Prognosis after intraperitoneal rupture is poor.

As would be expected, the disease is relatively com­
mon in sheep-r.using areas in the world and to a lesser
extent cattle-raising areas. With increased mobility and
worldwide travel common today, however, the dissemi­
nation of this disease along with other diseases that were
relatively confined to endemic regions of the world is
now seen with more frequency in North America.

Hydatid cyst involvement of the liver is manifested
by low-attenuation lesions on CT. Focal areas of
additional attenuation within the cysts usually indicate
daughter cysts. Calcification may be identified in the
rims. lnfection or bleeding can alter the cr appearance.
Occasionally, the detached cyst membrane is seen on
cr. This is analogous to the well-known "water lily" sign
seen in the lungs of patients with pulmonary involve­
ment. This finding has been described after cyst aspira­
tion and is highly specific for hydatid disease. The
ultrasound fUldings vary. Cyst wall calcification may
be present. Otherwise, a well-defined mass with good
through-transmission may be identified. Daughter cysts
within the lesion are particularly helpful in making the
diagnosis.

Mycotic abscesses of the liver are almost always mul­
tiple and small. TIlese are commonly seen in immuno­
compromised patients and frequently are accompanied
by multiple small abscesses within the spleen. The most
common organism is Candida albicans (Fig. 5-59).

Angiosarcoma
Angiosarcoma (also known as Kupffer cell sarcoma

and malignant hemangioendothelioma) is a rare tumor of



Figure 5-59 CT through the liver of a patient who has recently
undergone bone marrow transplantation. At least two small
J.bscesses are seen in the periphery of the right lobe of tile liver
(curved arrows), representing hepatic candidiasis.

particular interest because of its association with
Thorotrast and the industrial carcinogen vinyl chloride.
During the 1940s and 1950s, a radioactive colloid
suspension of thorium dioxide, called Thorotrast, was
injected intravenously for hepatosplenic imaging. The
radioactivity put the individual at high risk for malignant
induction. Patients chronically exposed to arsenic or to
\i.nyl chloride in the manufacture of plastics also are at
risk for this tumor.

Generally, cr discloses a large, irregular, low-attenuation
lesion within the liver that may manifest peripheral
enhancement during the dynamic phase (Fig. 5-60). This
tumor is rapid in its growth and generdlly unresponsive
to treatment. Survival is usually limited to 6 months after
diagnosis.

Other causes of solitary low-attenuation lesions of the
lITer include lipomas. These are unusual, but occur in
3.bout 10% of patients with renal angiomyoiipomatosis.
The computed tomographic appearance of this lesion

characteristic.

Biliary Cystadenoma and Cystadenocarcinoma
Biliary cystadenoma and cystadenocarcinoma are rare

rumors arising from the bile ducts, but most commonly
;q>pearing as a liver lesion on CT; 80% are seen in middle­
J.ged women. They are usually large, solitary lesions with
low-attenuation characteristics on CT. They often
:JIO\"\' multiple loculations, which are lined with bilia.ry
q>ithelium.

Patients present with abdominal pain, upper abdominal
mass, occasionally jaundice, and constitutional symptoms.
The tumor tends to be slow growing. cr evaluation
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Figure 5-60 cr through the lower portion of the right lobe of
lhe liver shows a huge inJlomogeneous mass occupying and
expanding most of the inferior pomon of the right lobe of the
liver, representing an angiosarcoma of the liver.

shows enh:mcement along the margin and the septtlm
of the lesion. This unusual septal enhancement occurs
as a result of papillary growth along the septum, which
is seen in the cystadenocarcinoma. Lesser degrees of
papillary growth can be seen in the cystadenoma. The
cystadenoma usually shows a thin septum, however,
and Little or no enhancement. Absolute differentiation
between the cystadenoma and the cystadenocarcinoma
ultimately requires surgical removal and pathological
evaluation of the lesion. Surgical resection of these lesions
often yields excellent results.

Intrahepatic Cholangiocarcinoma
Intrahepatic cholangiocarcinoma arises from the epithe­

lium of the bile ducts and is covered in more detail else­
where. It is usually a sclerosing tumor with little or no mass
effect. It is occasionally seen, however, as a solitary intra­
hepatic lesion. TI,e lesion is usually central (Fig. 5-61).

Hepatic Pseudotumor
Focal fatty infiltration of the liver is a common finding

on cr and can mimic other disease, such as primary or
secondary malignancy of the liver. It most commonly is
seen near the gallbladder fossa and pofta hepatis area,
but can occur anywhere in the liver. Ultrasound exami­
nation may not be conclusive, but various sequences of
MRI of the liver that include T2-weighted images and
gadolinium-enhanced smdies may be more helpful.

Another pseudoturrlor seen in the liver that also
can cause confusion is focal confluent fibrosis. These
areas are hyperdense on cr. There maya wedge-shaped
configuration and possibly distortion of the adjunct
liver capsule. Other pseudotumors of the liver include
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A B
Figure 5-61 A, T2-weightcd axial MRI of the liver shows a large centrallesion.·B, MRJ cholan­
giography (heavily weighted TZ-imaging making bile appear while) shows the central nature of the
lesion and suggests the origins of the lesion, which proved to be cholangiocarcinoma.

vascular lesions such as arteriovenous malformations
and arterioportal shunting.

Multiple Defects

Many of the lesions that have been discussed previ­
ously and can present as a solitary lesion within the liver
also may present as multiple lesions. To avoid redun~

dancy, they are discussed only briefly here.

Metastatic Disease
Multiple bilobar metastatic involvement is a common

presentation and results in the typical low-attenuation
lesions previously described (Fig. 5-62). Hypervascuhlf

Figure ;-62 Typical presentation of diffuse hepatic metastatic
disease. Low-attenuation lesions are seen in both lobes oCthe liver.

metastatic lesions are much less common, but include
such malignancies as carcinoid, islet cell carcinomas,
renal cell carcinomas, and some pancreatic cancers.

Lymphoma involves the liver in 20% to 50% of cases
of Hodgkin's disease. Hepatic involvement is greater in
non-Hodgkin's lymphomas. Lymphoma can be multiple
and nodular, giving multiple, low-attenuation lesions on
computed tomographic examination. Alternatively, the
involvement may be diffuse, resulting in a homogeneous
enlarged liver (Fig. 5-63). Primary hepatic lymphoma has
been described in the literature, although the existence
of such a lesion is disputed. Other lesions that rarely can
involve the liver with focal nodular lesions include
Burkitt's lymphoma and leukemia.

Figure ;-63 cr through the liver in a 27-year-old patient with
lymphoma. The liver is diffusely and homogeneously infiltrated
with lymphoma. Note the perihepatic fluid.



Focal Nodular Hyperplasia
Although usually solitary, focal nodular hyperplasia

can present as multiple hepatic lesions.

Cysts
Hepatic cysts are commonly multiple. Along with

hemangiomas, they represent the most common lesions
incidentally encountered in CT and ultrasonography of
the liver.

Abscesses
In about 50% to 70% of cases, abscesses arc multiple

in the liver. Most abscesses that result from bacteremia
and the entrance of microorganisms through the hepatic
artery are multiple and bilobar, although the right lobe
is usually morc involved. As previously mentioned, in
adults, most pyogenic hepatic abscesses are associated
with bile duct infections (Fig. 5-64).

Hemangiomas
In about 10% of patients, hemangiomas are multiple.

Caroli's Disease
Cavernous ectasia of the biliary tract (CaroH's disease)

is an autosomal recessive disease of bile ducts in which
cystic dilatation of the intrahepatic ducts occurs. In its
severe form, it can look like multiple cystic lesions of the
liver on CT and is included in the choledochal cyst clas­
sification as type V. A central dot sign within the appar­
ent cystic lesions in the liver has been described on CT
after intravenous contrast administration. This central
dot is thought to represent portal vein surrounded
by the dilated biliary ducts. When present, this finding
may result in an increased degree of specificity for the
diagnosis on CT. The liver is usually enlarged, and the

Figure 5-64 Multiple small hepatic abscesses (annws) are seen
in this immunosuppressed patient.
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disease has an association with polycystic disease of the
kidney, despite differences in genetic expression. With
the increase of biliary stasis in this condition, the risk for
sepsis, stone formation, and ultimately cholangiocarci­
noma is increased.

Epithelioid Hemangioendothelioma
Epithelioid hemangioendothelioma is a rare vascular

tumor most commonly seen in adults. It often starts as a
multinodular lesion of the liver and may progress to a
more diffuse pattern. The usual computed tomographic
fll1ding is multiple low-attenuation lesions with a low­
attenuation halo around all the lesions. These are slow­
growing, indolent, but progressive lesions.

Regenerating Nodules
Regenerating nodules, seen in cirrhotic livers, also

are referred to as adenomatous hyperplasia or nodular
hyperplasia of the liver. There is no definite capsule or
fibrous scarring in or around the lesion. They generally
are considered precancerous lesions in cirrhotic
livers. Often these nodules contain malignant foci.
A small, well-differentiated hepatocellular carcinoma is
extremely difficult to distinguish from a regenerating
nodule. Multidetector CT multiphase examination might
be an acceptable method to differentiate the two at this
time. Because regenerating nodules teod to have an
abundance of portal blood supply, as opposed to dimin­
ished portal blood supply for hepatocellular carcinomas,
CTAP provides a helpful method in distinguishing them.
MRI of regenerating nodules tends to show a low signal
on T2-weighted images, as opposed to hepatocellular
carcinoma, which tends to have a high signal on
T2-weighted images.

Peliosis Hepatis
Peliosis hepatis is considered a rare lesion but has

been seen with increasing frequency over the past
decade. This increased incidence is thought to relate
to the increasing use of androgenic anabolic steroids.
The condition is manifested as multiple, blood-filled
cysts throughout the liver. The earliest cases were
thought to be a result of advanced tuberculosis or can­
cer. More recently, peliosis hepatis in HN-infected
patients with associated cutaneous bacillary angiomato­
sis, a pseudoneoplastic vascular proliferation containing
bacteria, has been reported. Peliosis involving the spleen
also has been reported. Multiple small intrahepatic
cystic leSions may be Seen on CT and ultrasonography
of the liver.

Biliary Dilatation
Dilated bile ducts sometimes give the appearance

of multiple hepatic defects (Fig. 5-65); this is usually
the case if the obstruction is at the level of the major



206 GASTROINTESTINAL L\1AGING: THE REQUISITES

Figure 5-65 This patient has obstruction of the common bile
duct from a pancreatic lesion as well as multiple defects in the
livcr (arrows) representing diJated bile ducts. Notc how the left
biJiary system tends to dilate before the right (upper arrows).

bifurcation of the common hepatic duct in the porta
hepatis. Enhanced views and a branching pattern usually
suggest the nature of the defects. Othelwise the identifi­
cation of a dilated common bile duct or dilated gallblad­
der (Courvoisier's sign) confirms the biliary obstruction
(Fig. 5-66).

Figure 5-66 Painless enlargement of the gallbladder (arrow) is
seen in a patient with biliary obstruction (Courvoisier's sign).

Calcifications

Granulomatous Diseases
Granulomatous diseases excite the immune system in

a specific manner that results in a characteristic inflam­
matory response. The particular response results in the
formation of a granuloma that C0111111001y calcifies after
a time. Granulomatous inflammatory responses, especially
without caseation, are nonspecific, and frequently the
offending organism CalUlot be identified unless associ-­
ated with other systemic or laboratory findings.

The most common granulomatous disease seen in
North America is histoplasmosis, which is endemic
in certain regions of the United States. In its postinfec~

tious state, it is seen as tiny punctate caJcification­
scattered throughout the liver and possibly the spleen.
Tuberculosis; rickettsial infection; and bacterial, viraL
fungal, and parasitic involvement of the liver can give a
similar patten). Patients with sarcoid may have liver
involvement in a similar pattern. The liver is the third
most common site of involvement of sarcoidosis after
the lungs and lymphatics.

Primary hepatic granulomatous disease is uncommon
and represents only about 5% of cases and tends to
have little or no calcification associated with it. At least
60 drugs have been implicated in "drug induced" granu·
lomatous hepatitis. Withdrawal of the offending agent is
curative.

Metastatic Disease
Calcitkations within hepatic metastatic lesions are

unusual. They have been described in association with
mucinous (colloid) lesions of the colon or stomach.
These are typically tiny stippling calcifications seen
focally within the liver (Fig. 5-67).

Hepatocellular Carcinoma
Calcification within hepatocellular carcinoma is

unusual, and less tllan 10% of tllese lesions are said to
calcify. If the calcification is present in the right clinical
circumstances (younger patients, absence of alpha feta­
protein), the possibility of a fibrolamellar hepatocellular
carcinoma may be considered because these lesions
more frequently (30%) show calcification.

Abscesses
Calcification may be seen in the wall of old pyogenic

or amebic abscesses. Often this condition is a result of
chronic, organized inflammation; secondary infection:
or bleeding into the wall of the lesion (Fig. 5-68).

Cysts
Simple hepatic cysts do not calcify. Echinococcal cysts

(hydatid disease) commonly develop wall calcifications



Figure 5-67 Calcifications seen in a small metastatic lesion in
the posterior aspect of the right lobe of the liver (arrow). TIle
primary tumor was a mucinous carcinoma of the colon.

over several years. This development occurs whether
the cyst is viable or nonviable. The calcification tends to
be denser in nonviable cysts. A typical ring of calcifica­
tion of varying thickness is seen within the liver, and
lesions range from 2 to 15 em.

Hemangiomas
Although hemangioma is a common hepatic lesion, it

only rarely calcifies. A large cavernous hemangioma may
sometimes calcify centraUy in its fibrotic component,
and there may be some calcification along the radiating
stnnds of fibrosis. This is a typical sunburst pattern
seen in hemangiomas elsewhere in the body. The typical

Figure 5-68 Plain film of the abdomen shows flocculent calcifi­
cation (arrow) in an old intrahepatic abscess.
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phlebolith-like calcification seen in hemangiomas else­
where in the body is exceedingly rare in the liver.

Hematomas
Old subcapsular hematomas may calcify on the

liver margin, giving linear or coarse focal areas of
calcification.

Tertiary Syphilis
Tertiary syphilis lesions are only rarely seen today.

Medical practitioners in the tropics or developing coun~

tries are increasingly likely, however, to encounter a
hepatic gununa, known to an earlier generation of physi­
cians as hepar lobanUTI. This condition is a manifestation
of late or tertiary syphilis that may calcify.

Parasites
An uncommon cause of hepatic calcification rarely

encountered in the \Vest is paraSitic infestation.
Panlsites, such as the tongue worm (Almillifer armilla­
tus), can involve the liver and result in numerous tiny,
comma-shaped hepatic calcifications.

Increased Density

Hemochromatosis
Hemochromatosis is an uncommon disorder in which

the total iron deposition within the liver and other
organs progressively increases. It can be regarded as
either a primary idiopathic disease or a secondary disor­
der. The primary condition is autosomal recessive in its
genetic manifestation and is characterized by excessive
iron absorption from the small bowel, which is trans­
ported to the liver. Secondary forms are seen in patients
with a history of multiple blood transfusions, chronic
anemia, and erythrOid hyperplasia, such as in thalassemia
or sideroblastic anemia. Secondary hemochromatosis
also can occur as a consequence of high dietary intake
of iron.

From whatever cause, excessive iron deposition
in the liver over many years results in an enlarged liver
with evidence of cirrhosis. Hemosiderin is found in the
hepatic cells and Kupffer's cells and within the fibrous
matrix of the liver.

CT shows varying degrees of diffuse homogeneous
high attenuation throughout the liver (Fig. 5-69). The
effects of hemochromatosis are systemic and involve
other organs, including the pancreas and the heart
(Fig. 5-70). As a result, in addition to impairment of
hepatic function, cirrhosis, and possible portal hyper­
tension, patients manifest symptoms secondary to
disease in other organ systems. These patients also are at
increased risk for hepatocellular carcinoma (Fig. 5-71).
Cardiac failure or arrhythmias, in addition to diabetes,
are not unusual.
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, Figure 5·69 CT of the liver in a patient with hemochromatosis
during the preenhancement phase. Note the marked density of the
liver parenchyma.

Chronic Cirrhotic Liver Disease
In severe chronic cirrhosis, the liver may appear small

and contracted and show density above the normal
expectations on unenhanced CT. Conversely, because
of the distortion and redistribution of the intrahepatic
vascular system in these patients, enhanced computed
tomographic scans may show little increase in density
compared with unenhanced scans (Fig. 5-72). The rela·
tive increase in density on unenhanced scans may be
explained on the basis of increased diffuse fibrosis
throughout the liver and decreased fat content.

Thorotrast
The radioactive colloid suspension of thorium dioxide,

injected intravenously and used during the 1940s and

Figure 5-70 A patient with hemochromatosis secondary to
hemosiderosis. MRl ([2 fast spin echo) shows lo....\' signal in liver,
marrow, and spleen typical of hemosiderosis. Low signal would be
confmed to the liver in hemochromatosis of other causes.

Figure 5-71 A patient with hemochromatosis and cirrhosis
complicated by hepatoma. Tl-\vcighted spin echo MRl shows low
signal in the anterior liver and brighter signal at the site of hepato­
cellular cancer Olepatoma) in the posterior liver.

1950s, was taken up primarily in the reticuloendothelial
cells of the liver, spleen, and lymph nodes. This agent
was administered for imaging of the liver and spleen.
The radionuclide is a long-term, alpha-emitting agent,
resulting in many patients' developing bone marrow
dyscrasias, neoplasms, or local malignancy in the liver.
This agent has not been used in many years, and
patients with high-density liver and spleen secondary
to Thorotrast injection are becoming rare.

Drug-Induced Causes
Certain drugs increase hepatic density. The use of par­

enteral gold injections for the treatment of rheumatoid

Figure 5-72 A patient with cirrhosis and ascites. Note the small
liver with nodular margins and tile free fluid in rhe perihepatic
spaces.



Figure 5-73 cr of the livcr in a patient being treated for cardiac
dysrh}1hmia with amiodaronc, resulting in increased density
throughout the liver.

arthritis over a prolonged period may lead to hepatic
deposition and an increase in liver density.

Many drugs can result in hepatic toxicity or cholesta­
sis. It is eX"tremely unusual, however, for a dnlg or its
metabolites to accumulate in the liver and result in
increased liver density. One such drug is amiodarone
(Fig. 5-73). TIus is an effective antidysrhythmic drug con­
taining 40% iodine by weight. Because of its prolonged
half-life, the significance of serum therapeutic levels is
difficult to interpret. In response to this, it has been
uggested that the density of the liver be evaluated

in patients who are receiving this medication and
still experiencing cardiac dysrhythmias in an attempt to
determine whether insufficient medication or a toxic
'ide effect of the medication is the basis of the dysrhyth­
mia. It is postulated that normal liver densities during the
administration of the drug and continuing dysrhythmias
may indicate insufficient therapeutic levels of the med­
ication, whereas increased liver density suggests adequate
to toxic levels of the drug.

Portal Venous Air

Air in the portal venous system is an occasional
dramatic finding on plain films or CT of the abdomen
rig. 5-74). It can be benign in a distinct nIinority of
patients, secondary to recent gastrointestinal surgery,
~ric or duodenal ulcers, or instrumentation associated
voith mucosal tears. Occasionally, portal venous air also
>-= benign in a patient with severe gastric outlet obstruc­
tion who develops mucosal defects as a result of the
gross acute distention. It has been reported in some
yatients who have undergone recent barium enemas.
'hny gastrointestinal radiologists have not seen this
phenomenon in their entire careers, however. Given
:hat the risk of bowel perforation is 10 times or more
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Figure 5-74 cr shows air in the portal venous system of the
liver in a postoperative patient. This was not related to bowel
necrosis, and the patient had an uneventful recovery.

increased in colonoscopy, one would expect the inci­
dence of this side effect to be much higher in that pro­
cedure. Even there, it remains relatively uncommon.

When making the diagnosis of portal venous air, the
radiologist should expect the worst and hope for the
best. A proper clinical history is invaluable in deciding
how much concern and activity the finding should gen·
crate. The fmding in most cases carries grave prognostic
implications, most commonly associated with bowel
infarction, breakdown of the mucosal barrier, and leak­
age of air and toxins into the portal venous system.
There it evennlally percolates into the liver. These
patients are usually toxic and obviously ill, although in
older patients the symptoms initia11y may not be pro­
nounced. The fIndings mllst be correlated to the clinical
situation. In a patient with minimal or no abdominal
fiodings, this radiological fmding may be benign, and
close observation and monitoring are the appropriate
actions.

nus particular radiological problem, with its empha­
sis on clinical correlation, as in so many other condi­
tions, is another example of how the historical and
expected role of the rddiologist as a physician, practic­
ing the specialty of radiology, must be defended. No
physician would attempt a physical examination without
a clinical history, and it seems equally foolish for a mdi­
ologist to undertake an examination or interpretation
without an appropriate medical history. Radiologists
who do otherwise are doing themselves and the patient
an injustice. Clinicians who expect radiologists to prac­
tice in such a manner have misguided and foolish per­
ceptions of the role of the imaging and the radiologist.

The most important initial task for the radiologist
when linear branching collections of air are seen in the
liver is to distinguish between portal venous air and air
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Figure 5-75 cr shows air in the biliary system. Note some air
centrally (arrow) and in the segmental bile ducts (arrowheads).

in the hepatic biliary system, which is almost always
benign (Fig. 5-75). The difference is based on the physi­
ological flow characteristics of the two systems. Bile
flows in a centripetal pattern from the liver periphery
to the liver hilum, and as a result, air collections in the
biliary system tend to be central in the common hepatic
and main hepatic ducts. Conversely, portal venous flow
is centrifugal from hilum to periphery, and air in the
portal venous system is found in the periphery along the
margins of the liver (fable 5-2). If sufficient air has
leaked into the portal system, however, it also can
be seen in the liver hilum, within the portal vein, or
even backed up into the splenic pulp. Air also is seen
occasionally within the superior mesenteric vein on CT.
Additionally, a careful search of the abdominal plain
films or computed tomographic scans is wan-anted to
identify intramuml air collections in the bowel.

SPLEEN

The spleen is the largest component of the reticulo­
endothelial system, comprising white pulp (lymphoid

Figure 5-76 Normal appearance of the splu:n on CT through
the upper abdomen.

tissue) and red pulp (vascular sinuses and end arterial
vessels) contained within a thin fibrous capsule. It is
located in the left upper quadrant and may be found in
considerable variations of size and shape in normal indi­
viduals (Fig. 5-76). The normal dimensions given for the
spleen in various textbooks are of relatively little use in
evaluating for splenomegaly because of the marked vari­
ation from person to person in the size ,md configura­
tion of the spleen. In imaging of the spleen, the most
accurate method for evaluating the pOSSibility of spleno­
megaly may be the observations of an experienced
radiologist or, even better, a previous study. In general,
the normal spleen occupies approximately 15% to 25%
of the volume of a normal liver and weighs between
100 and 250 g (Fig. 5-77).

Accessory spleens are a common computed tomo­
graphiC finding and most often are seen in the region of
the splenic hilum around or near the tail of the pancreas.
Approximately 20% of patients undergoing CT of the
abdomen have this finding.

Table 5-2 Air within a Branching Pattern in the Liver
~ ~ -

Portal Venous

Peripheral in location owing to c~ntrifugal flow of portal blood
Can be benign secondary to surgery, ulceration, or lllstrumentation
Most frequently associatt:u with sick bowel,

ischemia, or necrosis

Bile Ducts

Usually centrally located owing [0 centripetal flow of bile
Usually benign
May be result of fistulous communication, surgical, or

developmental. May be seen in patients with history
of papillotomy



Figure 5-77 Normal spleen seen on ultraSOnogram. Note the
homogeneous appearance and weU-defined margins.

Enlarged Spleen

Common causes of .m enlarged spleen are summa­
rized in Box 5·5.

Passive Congestion
Although chronic right-sided congestive heart failure

occasionally results in some degree of splenomegaly, the
most common cause of splenomegaly is congestion
within the portal venous system secondary to cirrhotic
changes within the liver. Portal hypertension secondary
to hepatic cirrhosis of any cause, most commonly alco­
holic, almost always results in some degree of splenic
enlargement. Fifty percent of patients with portal hyper­
tension have a palpable spleen. It is an even more com­
mon fmding on CT. The splenic enlargement is
secondary to obstructive and congestive changes within
the spleen, particularly the red pulp. The term Ba.nti's
syndr01ne is occasionally used in describing passive con­
gestion of the spleen secondary to portal hypertension
and hepatic cirrhosis. The original description of this
syndrome postulated a splenomegaly that preceded the
cirrhotic changes within the liver, however, and is the
reverse of the sequence of eyents seen in portal hyper­
tension. Any condition that can result in intrahepatic Vay

cular congestion can secondarily cause splenomegaly;

Box 5-5 Some Common Causes of
Oversized Spleen

Portal hypertension
Trauma
Lymphoma
Leukemia
Infection
Hemolytic anemias
Metabolic storage diseases
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Figure 5·78 Markedly enlarged spleen is seen compressing the
left kidney (arrows). Also note large varices (a,.,-owIJeads).

this includes not only any cause of cirrhosis, but also
any cause of hepatic or portal venous occlusive disease
and congenital hepatic fibrosis. Splenic vein thrombosis
may cause acute congestive splenomegaly, as can Budd­
Chiari syndrome. Chronic passive congestion can result
in a spleen that is many times its original size and can
weigh 1000 g and can at times compress the left kidney
(Fig. 5-78).

Cornputed tomographic fmdings in cirrhotic patients
with splenomegaly as a result of portal hypertension
show characteristic changes within the liver and promi­
nence of the collateral vascular (varices) stnlctures
in the region of the splenic hilum, the gastrohepatic
ligament, and around the gastroesophageal junction
and cavernous transformation of the portal vein in
patients \.vith chronic portal vein occlusion (Fig. 5-79).
Ultrasound scans of such a spleen may show an iso­
echoic or hypoechoic panern. Liver and spleen radio­
nuclide scans show a relative increase in the uptake of
the radionuclide in the spleen compared with the liver
(colloid shift). Uptake in bone IlL1fTOW also may he shown.

Trauma
Posttraumatic splenic injury with an intact capsule or

tamponaded splenic capsule also can result in transitory
splenic enlargement. This is often associated with lower
left rib injuries, although this associated fmding need not
be present (Fig. 5-80).

Hodgkin's Lymphoma
Outside of the usual nodal sites, the spleen is the

organ most commonly involved with Hodgkin's disease.
Splenic involvement is shown in approximately one
third of patients undergoing staging laparotomies.
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Figure 5·79 Chronic portaJ vein occlusion 'with the development
of cavernous transformation of the portal vein with a spontaneous
ponorenal shunt on the right (arrows). Note varices on the left
(arrQwlJeads) and absence of portal vein.

Although CT can be extremely helpful in evaluating the
possibility of splenic involvement (particularly with
focal disease), the de.finitive assessment for splenic
involvement is splenectomy. Splenic enlargement in most
cases signifies splenic involvement, whereas a normal
spleen size in most cases suggests noninvolvement. The
incidence of false-positive and false-negative results, based
on size criteria alone, is significant.

Computed tomographic evaluation of splenic involve­
ment with Hodgkin's disease can include many presen­
tations, ranging from numerous smaU nodules to a
solitary splenic tumor mass to diffuse enlargement with­
out focal defects (Fig. 5-81). Because involvement of the
spleen with Hodgkin's disease has significant therapeu­
tic and prognostic implications, the determination of

Figure 5-80 Linear luccncies in the spleen (arrows), represent­
ing splenic lacerations, are seen in a 17-year-old boy after a motor
vchicle accident.

Figure 5-81 cr of the hcpatosplenic area in a patient 'with
Hodgkin's lymphoma and known splenic involvement sho\',
diffuse homogeneolls enlltrgemem of the spleen.

splenic involvement is crucial, hence the necessity of
splenectomy in the staging process.

Non-Hodgkin's Lymphomas
Involvement of the spleen with non-Hodgkin's-rype

lymphomas is more common than with Hodgkin's dis­
ease and occurs in more than 50% of patients. The lvm­
phomatous involvement of the spleen may presen; as
diffuse enlargement without focal disease, as a round
tumor mass, or as multiple, small nodules. In contrast
to Hodgkin's disease, splenomegaly usually is a more
accurate indication of tumor involvement. Discrete
lymphomatous lesions often show increased signal on
T2-weighted MRJ. Focal lesions also can be detected
with ultrasound and are shown as hypoechoic foci.

Leukemia
Splenomegaly is a relatively conunOD occurrence

in leukemia, but its presence and severity depend on
the type and duration of the leukemia. Although a
common presenting rmding in hairy cell leukemia, it is
rare in acute lymphoblastic leukemia. The presence of
splenomegaly does give rise to the possibility of splenic
rupture as a complication of some of the chronic
leukemias.

Chronic myeloid leukemia is associated with signifi­
cant splenomegaly that often can reach massive propor­
tions. In patients wirh chronic lymphocytic leukemia.
splenomegaly also may be a prominent feature, although
the size of the spleen is less striking than that seen in
chronic myeloid disease. Generally, splenomegaly i
more commonly associated with the chronic forms of
leukem.ia and is probably a poor prognostic sign.



cr generally shows an enlarged spleen wirh a
homogeneolls appearance. Enlargement of the spleen
in leukemia is almost always associated with disease
in\"olvement. Often, the involved spleen shows an iso­
echoic ultrasound pattern.

Chronic Myeloproliferative Disorders
The chronic myeloproliferative disorders represent

3 group of related disease processes that are thought
to be clonal disorders of the hematopoietic stem cell.
They include such entities as polycythemia vera,
myeloid metaplasia, essential thrombocythemia, and
chronic myeloid leukemia. Various authors overlap the
myeloproliferative disorders and the leukemic disorders,
and some include the acute nonlymphocytic leukemias
in the myeloproliferative group.

Splenomegaly is CDomIon in chronic proliferative
conditions, with the degree varying from condition
[Q condition. The most prominent example of
_plenomegaly in this group tends to occur in myeloid
metaplasia. Lesser degrees of splenomegaly are seen in
polycythemia vera and essential thrombocythemia.
Imaging generally shows an obviously enlarged, homo­
geneous-appearing spleen (Fig. 5-82).

Protozoan Infection
Splenomegaly is characreristically associated with

malaria. In the acute presentations, the spleen may
become grossly enlarged, reaching gigantic proportions.
With chronic disease and gradual development of
fibrosis and scarring, the degree of splenomegaly is
diminished.

Systemic Infections
MUd to moderate degrees of splenic enlargement

may be seen in patients with mononucleosis, and splenic

Figure 5-82 A patient with polycythemia vera with a homo­
geneous enlarged spleen. Notc thrombus in the splcnic vein
(arrows).
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Figure 5-83 cr of the splenic region in a patient with AIDS and
tuberculosis. TIl(: spleen is enlarged, and there arc multiple, tiny
splenic abscesses.

rupture is a rare but known complication of infectious
mononucleosis. Splenomegaly is a relatively common
ftnding in patients with subacute bacterial endocarditis,
and rhe enlargement usually is secondary ro multiple,
small septic foci within the spleen. Degrees of splenic
enlargement may be seen in the miliary stage of
tuberculosis (Fig. 5-83). Disseminated fungal infections,
including candidiasis and histoplasmosis, also may pro­
duce splenic enlargement. Splenomegaly is a common
fmding in patients with ryphoid fever.

Erythropoietic Disorders
Hereditary spherocytosis is the best known of the ery­

thropoietic disorders. 111is condition is inherited as an
autosomal dominant trait and results in spherocytic
changes in the affected individual's red blood cells.
Splenomegaly is almost always present and of a mild to
moderate degree. Splenomegaly is usually therapeutic in
the treatment of this disorder because of the important
role of the spleen in erythrocyte destnlction.

Splenomegaly may be a prominent early childhood
manifestation of sickle cell disease. The older rhe
patient, the less prominent the spleen as a result of pro­
gressive arrophy and fibrosis secondary to repeated
infarctions.

The thalassenlia syndromes, representing an abnor­
mality of hemoglobin production, can result in mild to
moderate degrees of splenomegaly. Similar fmdings are
present in patients with autoimmune hemolytic anemias
and idiopathic thrombocytopenic purpura.

Felry's syndrome, although an abnonnality of gral1l~o­

eytes rarher than erythrocytes, may be included here as
an additional example of splenomegaly associated with
blood cell abnonnallties. The S»ndrome consists of the triad
of rheumatoid arthritis, splenomegaly, and neutropenia.
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It is most commonly seen in patients with long-standing
rheumatoid arthritis. The spleen may be markedly
enlarged, possibly relating to the ongoing selective gran­
ulocytic destruction occurring within the spleen.

Infl1trative and Storage Diseases
Lipogenic storage disorders, such as all forms of

Gaucher's disease and Niemann-Pick disease, are associ­
ated with moderate to massive splenomegaly. Increased
splenic size also may be a feature of the mucopolysac·
charidoses, the best known being Hurler's and Hunter's
syndromes. Patients with histiocytosis X, particularly
with Letterer·Siwe disease, occasionally have splenomegaly
as part of the presenting picture. Although primary and
secondary amyloidosis can involve the spleen, it is more
common in the secondary form and frequently causes
splenomegaly.

Small or Shrunken Spleen

Sickle Cell Disease
Sickle cell disease is a common cause of diminished

splenic size. In the advanced stages, fibrotic changes
as a result of chronic recurrent infarctions lead to
a small, shrunken, and often calcified spleen. The
extensive fibrosis coupled with diffuse occlusion of the
splenic microvasculature results in nonftmction and
autosplenectomy.

Essential Thrombocythemia
Splenic atrophy also may be seen during the chronic

course of essential thrombocythemia. The resultant
infarctions are most likely secondary to stagnated aggre­
gates of platelets within the splenic circulation.

CongettitaJ Causes
Congenital hypoplasia of the spleen is relatively

uncommon, but has been seen and described in cases of
Fanconi's anemia with associated marrow hypophlsia.

Irradiation
Radiation to the upper abdomen and splenic bed can

result in a small, shrunken fibrotic spleen with thickened
capsule. Usually this is a delayed response to radiation­
induced vascular damage of the spleen.

Thorotrast
Thorotrast, a radioactive contrast agent emitting

alpha rays, which had been forolerly used as an angio­
graphic contrast agent, is retained within the reticulo­
endothelial system and may be seen within the liver or
spleen (Fig. 5-84). In the spleen, over a period of years,
splcnic atrophy and fibrosis develop. Although these
changes within the liver put patients at a higher risk for

Figure 5-84 Film obtained during an intravenous pyelogram in
patient who had previously rt:cdvcd TIlorotrast for hcpatosplcnic
imaging. TIle spleen is small (arrow), with fine, nodular, caJcium­
like density throughout the spleen.

malignant disease, the same malignant potential has not
been reported for the spleen.

Malabsorption Syndromes
Degrees of atrophy of the spleen are rarely seen as a

complication of some malabsorption syndromes. Splenic
atrophy has been reported in inflammatory bowel dis­
ease, particularly ulcerative colitis, and to a lesser extent
in Crahn's disease. It also is associated with celiac
disease, TItis complication of malabsorption syndromes i

relatively uncommon and something of a curiosity. It
cannot be related directly to malnutrition because hypo­
spleltism is not seen in starvation. The exact causes of
this complication are unknown.

Focal Defects

Cystic Lesions
The most common type of splenic cyst is the pseudo­

cyst or so-called acquired cyst of the spleen. These CYStS
are found most commonly in adults and are presumed to
be of traumatic origin. The cyst wall may be calcified and
without an epithelial lining. These account for approxi­
mately 80% of splenic cysts. True epidcffi10id cysts
are less common (approximately 20%) and are lined
by stratified squamous epithelium. These cysts are
believed to be congenital in origin (Figs. 5-85 and 5-86).
Calcification can be seen in the wall of acquired and
congenital types of splenic cysts. The cysts vary in size
and generally contain clear fluid, although turbid oc
bloody contents also may be present. There is no gender
predilection for the congenital type of cyst. Congenit2.
splenic cysts are not thought to represent part of t.lK
spectrum of more widespread cystic disease i..nvol\-'



Figure 5-85 A large splenic epithelial cyst (arrows) is seen
--:.:lflg a computed tomographic examination in a patient with a
...;:agnosis of appendicitis.

me pancreas, kidney, and liver. These usually occur as
mddental fmdings within the spleen of asymptomatic
patients. Rarely, splenic cysts may be complicated by
hemorrhage, rupture, or even infection.

Pancreatic pseudocysts involving the tail of the pan­
creas occasionally give the appearance of splenic cysts
00 CT. The cyst may adhere to and indent the splenic
capsule or invade the substance of the spleen.

Echinococcal cysts involving the spleen are uncom­
mon. Less than one third of cases of hydatid disease have
splenic involvement.

Figure 5-86 The same patient as in Figure 5-85 also underwent
ultrasound examination of the spleen, which showed the typical
appearance of a large, well-defined siJlenic cyst.
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Figure 5-87 Small hemangioma of the spleen (arrolVs) is seen.

Prim.ary Neoplastic Lesions
Hemangiomas are the most common benign neo­

plasms of the spleen. These are almost always asympto­
matic and are incidental fIndings (Fig. 5-87). It is possible
that a large splenic hemangioma or diffuse splenic
hemangiomas could lead to splenomegaly, although this
is rare. The lesions are usually solitary. Lymphangiomas
occur in the spleen and are less common than
hemangiomas. Distinguishing between the two can be
impossible. It has been suggested that lymphangiomas
occur more commonly in the subcapsular region than
hemangiomas.

Splenic hamartolllas are uncommon and are almost
always asymptomatic. Most are solitary. CT may show a
well-defined, solitary splenic lesion with homogeneous
or mixed cystiC components.

Primary malignant lesions of the spleen are rare.
These are generally angiosarcomas, and in contrast to
those in the liver, there seems to be no direct relation­
ship between Thorotrast ~d development of splenic
angiosarcomas. Patients with these tumors carry a poor
prognosis, often haVing 'Wide~ead mct~static <.~isease
at the time of diagno~is. Primary tTIahgnant fibrous
histiocytomas of the spleen have been reported but are" ' ,extremely rare.

Metastatic Disease
Apart from lymphomatous involvement, secondary

hematogenous metastatic lesions to the spleen are
unusual (Fig. 5-88). Many different theories have been
put forward to explain this scarcity of splenic metastatic
disease, although none is fully satisfying. Metastatic
lesions to the spleen, although rare, do tend to occur
when there is a widespread dissemination of tumor
throughout the body. In such patients, splenic involve­
ment is found in less than 4% at autopsy. Metastatic
spread from contiguous organs Can occur (Fig. 5-89).
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Figure 5-88 This patient had known pancreatic carcinoma with
metastatic disease involving the spleen (m7YJ'lvs).

Lymphoma
As previously discussed, Hodgkin's and non-Hodgkin's

lymphoma can involve the spleen. The involvement can
be diffuse or focal. The focal lesions can be solitary or
more commonly multiple. These are usually shown on
cr as low-<lensiry lesions or on MRl as ltigh-signallesions
on T2-weightect images.

Abscesses
Large solitary focal abscesses of the spleen arc an

uncommon condition because they generally are associ­
ated with high mortaliry. These lesions tend to be poorly
encapsulated and have intermediate densities on cr.
111ere is often enhancement of the rim during the con­
trast phase of computed tomographic examination.

Figure 5-89 cr through the midabdomcn shows a cystic neo­
plastic lesion of the tail of the pancre-dS. 111ere also has been
metastatic spread of the lesion to the spleen.

Figure 5-90 J\'lultiple splenic abscesses arc seen in the spleen
with rim en.hancement (an·ows).

Widespread disseminated microabscesses occur in
the liver and spleen and are seen predominantly in
immunosuppressed patients (Fig. 5-90). They are com­
monly due to Candida albicans and occasionally tuber­
culosis. cr shows multiple areas of low attenuation
within the spleen and commonly in the liver as well.
Rarely, abscesses of the spleen may be associated with
bacterial endocarditis or mycotic aneurysms of the aorta
(Fig. 5-91).

Focal Infarctions
In any condition in which systemic emboli may

occur, such as in cardiac valvular disease, emboli C3.Ii

become lodged within the vasculature of the spleen and
result in splenic infarctions. In the early stage, these 31l:'

hemorrhagic in their appearance. A squared or triangu­
lar area or area of low attenuation with its base on the

Figure 5-91 An abscess is seen in the anterior tip of the
(mmw). Note mycotic abdominal aortic aneurysm (a'Tou'



Figure 5-92 cr shows a tiny. calcified, shrunken spleen poste­
nor [0 [he stomach (arrow) in this patiem with sickle cell anemia.
The spleen has undergone autoampur3lion.

"'plenic capsule is the usual fmding on CT. Evenmally,
these infarctions become smaller, fibrotic, and more
dense. Often, in the acute srage, they are associated with
left upper quadrant pain, and mjtiaUy there may be some
mild splenomegaly. Vascular thrombosis within the
spleen and resultant infarctions also may be seen in
disease processes such as leukemia, particularly of
the chronic myelogenous variety, and are commonly
encountered in patients with sickle cell disease, eventu­
;illy leading to splenic atrophy. Splenic infarcts second­
uy to septiC emboli also may be encountered as a resu.lt
of bacterial endocarditis.

Increased Density

On routine CT of the abdomen (particularly unen­
hanced) , the tissue density of the spleen is slightly less
than that of the liver. There are relatively few conditions
that result in true increased splenic density. The lise of
the contrast agent 1110rotrast in earlier decades was dis­
CU5Sed previously. It is possible for the spleen to show
mcreased density in cases of he·mochromatosis. In a small,
Wunken, nonfunctioning spleen having undergone
.mtoamputation, the spleen may appear increased in
density (Fig. ;-92). This increased density most com­
monly occurs as a chronic sequela of sickle cell disease.
~plenic trauma with diffuse bleeding throughout the
""Pleen in the acute stage results in increased density in
me subcapsular region or possibly diffusely throughout
me spleen (Fig. ;-93).

Calcifications

The most common cause of calcification in the spleen is

";"){evious histoplasmosis in which small punctate calcifica­
XII1S are identified within a normal-sized spleen (Fig. 5-94).
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A

B
Figure 5-93 'Ibis 50-year-old man fell off a ladder and injured
the left ribs. A, cr at the time of injury shows an iII-defmed splenic
defect with hazy margins representing a splenic hematoma
(arrows). B, Images obtained I mondl later show marked interval
improvement. OnJya small, well-defined cyst remains (an·ow).

Figure 5·94 Small punctate calcifications in a normaJ-sized
spleen is a fairly routine finding on cr.
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Figure 5-95 cr shows an old splenic abscess that is densely
calcified in the ,,'all.

Tuberculosis and brucellosis also may result in calcifica­
tions. Phlebolith formation within the spleen with calci·
fication is I"'.lI'C but can occur. The possibility that old
focal areas of infarction will calcify also must be a
consideration. Old healed abscesses within the spleen,
particularly microabscesses, also may lead to residual
calcification (Fig. 5·95). Old hematomas readily calcify.
Calcification can be seen in the walls of acqu.ired and
congenital cysts. In addition, focal calcifications in
abdominal organs, including the spleen, have been
described in acqUired immunodeficiency syndrome
(AIDS) patients with disseminated Pneut1locystis carinii
infections.
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DUCTAL ANATOMY

The adult liver is said to contain almost 2 kID of
bile ducts and ducUIles. The smallest of these duendes,
the biliary canaliculi, have a membranous connection to
adjacent hepatocytes across which bile passes through
membranous channels from hepatocyte to the biliary
system. These interlobar duculles form an anastomosing
network around the branches of the portal vein. As the
ductules increase in diameter, they develop a smooth
muscular layer in the walls.

Eventually, the ducts combine to form the main right
and left hepatic ducts at lhe hilum of the liver and, in most

Biliary System and
Gallbladder

cases, just outside of the liver parenchyma. The joining
of the main intrahepatic ducts gives rise to the common
hepatic duct, which becomes the common bile duct
below the level of the cystic duct connection. The con­
nection of the cystic duct with the common bile duct
can vary. About 75% of the time, the cystic duct enters
the main extrdhepatic duct at the expected location,
approximately 3 cm from the union of the right and left
hepatic ducts. Union with the cystiC duct also can be
seen much more distally and medially, however, within
a few centimeters of the duodenal ampulla of Vater.
Normally, the common bile duct is 5 to 7 em long and
has a diameter of 5 to 15 mm.

The gallbladder is a bile reservoir that concentrates
the bile and delivers it to the digestive tract in
a controlled manner as needed, by hormonal control,
which depends largely on the composition of ingested
materials. Because bile is necessary for the absorption of
fat, the ingestion of fatty meals stimulates the gallbladder
to contract and expel bile into the duodenum. The gall­
bladder resides in a fossa on the underside of the right
lobe of the liver. It is pear-shaped; measures 3 to 4 cm
wide and 7 to 8 cm long; and may be divided into the
fundus, body, and neck. TI,e posterior fundal portion of
the gallbladder is in close proximity with the transverse
colon, duodenum, and rarely the antrum of the stomach.
This relationship gives rises to gallstones eroding into
these adjacent stnlcllires. A gallstone eroding into the
gastric antnlm, impacting in the pyloric channel and
causing outlet obstruction, gives rise to Bouveret's syn­
drome. A gallstone eroding into the bowel (usually duo­
denluu) that is large enough to impact in the narrowest
portion of the small bowel (distal ileum) gives rises to a
small bowel-obstnlcting process that has been given the
misnomer "gallstone ileus." TI,e neck of the gallbladder
sometimes is referred to as Hartmann's pouch and can
be a place in which large gallstones may become
impacted, resulting in cystic duct obstruction. The neck
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of the gallbladdet devolves into the cystic duct, which is
nonnally 4 em in length. TI,e length of the Cl'stic duct is
noteworthy by the presence of the spiral valves of Heister.

The gallbladder is lined by a mucosal surface of
numerous folds and ridges, and the wall itself comprises
the layers of mucosa, lamina propria, muscle layer, and
serosa. lnvaginations or sinuses in the mucosa and the
lamina are the Rokitansky-Aschoff sinuses, which
become prominent and may be seen in adenomyomatosis
of the gallbladder.

BIlJARY SYSTEM

Examination Techniques

The gallbladder and biliary tree are separated into two
sections in this chapter. To avoid redundancy caused by
overlaps in discussion of imaging techniques applicable
to both, ultrasonography, magnetic resonance imaging
(MRl), computed tomogtaphy (CT), and tadioisotope
scanning are discussed here in the biliary system section.
The role of ulttasonography in imaging of the gallbladder
is discussed and amplified at the beginning of the gall­
bladder section, along with the declining use of the oral
cholecystogram (OCG).

For purposes of discussing radiological problems
associated with the biliary tree, the radiological prob­
lems are based on conventional imaging of the biliary
tree after luminal filling with contrast material, such as in
endoscopic retrogtade cholangiopancreatogtaphy (ERCP),
percutaneous transhepatic cholangiography, operative
cholangiography, or T tube injections. Although
these examinations have been among the standard
imaging studies for biliary diagnosis for decades, the
impact of ultr:,sonogtaphy and especially of CT and multi­
detector CT in the last 3 decades has moved these modal­
ities to the forefront of biliary imaging. The continued
progress in magnetic resonance cholangiopancreatography
(MRCP) is the most exciting of all advances in imaging
the biliary system. Ongoing technical improvements
that result in better resolution of the smaller ducts
and the use of pharmacological aids to increase contrac­
tion at the sphincter of Oddi are expected to result
in further improved imaging of the biliary system
using MRCP. MRCP is likely eventually to replace diag­
nostic ERCP and percutaneous transhepatic cholangiog­
taphy (PTC).

Endoscopic Retrograde
Cholangiopancreatography
ERCP remains the most common invasive examina­

tion performed, in which the papilla of Vater is endo­
scopically cannulized and contr.lst material is injected.
Depending on the clinical indication, the examination

usually requires filling of the pancreatic duct and the
biliary system. The success rate for cannulation ranges
from 75% to 90%, with the chief detennining factor
seeming to be the expertise and experience of the en·
doscopist. Other causes of failure, such as papillary steno­
sis, peripapillary duodenal fibrosis and deformity,
previous gastric surgery, severe duodenal inflammatory
disease, and duodenal diverticula in the area of the
papilla, also may result in unsuccessful cannulation.
ERCP is a staple of the workup of a jaundiced patient
when obstnlctive causes are suspected. The examina­
tion can be done regardless of the degree of jaundice or
hepatic disease. The common bile duct and gallbladder
are usually easily shown. The pancreatic aspect of the
examination is discussed in Chapter 4.

The varying length of fluoroscopic tinles that these
examinations require makes exposure of the patient and
involved medical and support staff in the room to ioniz­
ing radiation a major safety consideration with ERCP.
TIle complication rate of ERCP is around 5%, and the mor­
tality rate is 0.1 % to 0.2%. The most common complication
is cholangitis. Bacteremia is reported in a small percentage
of patients. Elevations in the senlm amylase level and
clinical pancreatitis are reported in )% to 8% of patients.

Percutaneous Transhepatic Cholangiography
PTe involves the direct percutaneous injection of

contrast material into bile ducts within the liver. PTe is
reported to have been performed first in Hanoi in the
1930s. TIle procedure usually involved the use of the
Chiba (named after the Japanese university) skinny
needle. Numerous other types of needles are now used.
however. Ultrasound, computed tomographic, or fluoro­
scopic guidance is used in this procedure. The success
of injecting a bUe duct increases in the presence of bil­
iary dilatation, reaching almost 100% when the ducts are
significantly dilated. With nondiJated ducts or stricnlred
ducts, the success rate decreases to less than 90%.

Operative Cholangiography
Transcystic duct cholangiography performed intra­

operatively after cholecystectomy allows radiological
demonstration of the common bile duct in the search for
residual stones, confirmation of ductal patency, and
exclusion of ductal injury. Contrast material is injected
through the cystic duct stump, and filling of the biliary
tree is attempted. Because of positioning of the patient
and the less than optimal situation of obtaining a radio­
graph on the operating room table, these examinations.
leave much to be desired technically. Often there i5

incomplete filling of the biliary system. Injected air bub­
bles also cause interpretive difficulties, and leakage
around the cystiC duct stump is common. Reflux into the
pancreatic duct is frequent.



Computed Tomography
CT of the Dver has emerged since the 1980s as a

,;:tighly sensitive and noninvasive method of detecting bil­
~t ductal distention. In some cases, mild to moderate
degrees of distention can be observed before the patient
presents with obstructive jaundice. The evaluation of
me common bile duct in the region of the pancreatic
head is relatively easy, and a fairly accurate measurement

-ually can be obtained. The usual cause of biliary
distention is obstruction. In the absence of a mass in
the pancreatic head, CT may not always show the nature
of the obstructing process. The presence of biliary dis­
tention within the liver and a normal common bile duct
in the pancreatic head gives fairly conclusive secondary
nidence of obstruction, although the actual obstnlction
"ite may not be weU shown. Lesions in the porta hepatis,
particularly primary bile duct lesions such as cholangio­
carcinoma, are extremely difficult to show on CT. MRJ
bas not been shown to have any advantage to date in the
eyaluation of the biliary system.

Ultrasonography
The effectiveness of real-time ultrasonography in the

naluation of the biliary tree was established in the 1980s.
In the hands of a skilled operator, this examination can
be done quickly, effectively, inexpensively, and accu­
rately. The presence of biliary distention can be detected
easily, and the diameter of the common bile duct can
be measured. The presence or absence of stones in the
gallbladder is accurately evaluated. Stones are typically
hyperechoic, resulting in acoustic shadowing. Stones
within the conunon hepatic or common bile duct also are
shown, but with a lesser degree of sensitivity (between
40% and 70%). In a patient in whom either gallbladder
disease or biliary obstruction and distention is suspected,
ultrasonography is often the initial examination.

Magnetic Resonance Cholangiography
It has become increasingly apparent that high-quality

visualization of the biliary and pa.llcreatic ducts during
MRI can be achieved. Using imaging sequences that
were first developed for vascular imaging, variations of
these sequences now can show moderate anatomical
detail of the ductal structures (Fig. 6-1); this is now
referred to as MRCP. Advantages over other imaging
modalities include the facts that MRCP is noninvasive
and ~oes not result in any radiation exposure. Also, it
can be performed at the same time that MRI of the liver
is being done so that the liver parenchyma and ductal
structures can be evaluated during the same examina­
tion. Finally, the image can be projected in several
planes, and coronal images can depict the entire bil·
iary/pancreatic system, which is easily appreciated by eli·
nicians. As further imaging advances are made, MRCP is
expected to supplant other modalities.
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Figure 6-1 MRCP shows some bile leakage at the cystic duct
stump (a,rrow). Note common bile duct (arrowbeads) and pan­
creatic duct.

Radioisotope Evaluation
Radioisotopes used for imaging the biliary system are

cleared from the blood by the hepatocytes and excreted
with bile into the biliary system. Scanning the right upper
quadrant shows the biliary ducts and gallbladder. These
agents are useful in evaluating patency of the cystic duct
and the common hepatic and common bile duct and are
effective in the evaluation of acute cholecystitis. Before the
mid-1970s, rose bengal iodine-131 was the radiopharma­
ceutical used to show the biliary system. In the mid-1970s,
a new series of teclmetium~labeled radiophamlaceuticals
was developed with the advantages of a short half-life
(6 hours) and a relatively low patient radiation dose. These
agents ;:lfe derivatives of iminodiacetic acid (IDA), and
a V"driety of these delivatives have been developed, result­
ing in the well-known technetimn-99m lidofenin <JiIDA) and
technetium-99m disofenin (DlSlDA) scans that allow excel­
lent visualization of the biliary system, even in the presence
of mild to moderate j;:umdice.

Filling Defects

Calculi
Calculi are the most common cause of filling defects

within the biliary system. For the most part, they origi­
nate within the gallbladder and traverse the cystic duct.
Choledocholithiasis is common and may be seen in
6% to 10% of patients during cholecystectomy. Ductal
stones also can migrate down the common bile duct and
affect pancreatic secretion, resulting in gallstone pan­
creatitis (Fig. 6-2).

Filling defects in the common bile duct resulting from
intraluminal stones are shown with relative ease on
ERCP. If the stones are sufficiently large, they also can be
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A B
Fih7Ure 6-2 A, A gallstone has become impacted in the dbtal common bile duct (arrows), causing
a mild inflammatory change in the pancreas. B, ERCP with stone impaction higher in the common
bile duct (arrow). Notc normal appearance of pancreatic duct (arrowheads).

seen on CT. Stones within the cystic duct and the com­
mon bile duct can be missed easily on CT, however,
especially when oral contrast material is used and the
stone is obscuted by opacified bowel. Ultrasonography
may be helpful in showing common bile duct stones
(Fig. 6-3). The reliability of the ultrasound examination in
this region is much less than in the gallbladder (Fig. 6-4).

Primary stone formation in the comnl0n bile duct
may occur, usually proximal to an area of narrowing in
the duct. The origin of a prestenotic stone still may be
the gallbladder, and as a result of obstruction and stasis,
these stones accumulate within the common bile duct
and increase in size. In the postcholecystecromy patient
with a donunented nonnal biliary :':>Tstem postoperatively,

Figure 6-3 Ultrasound examination of the common bile duct
shows a small stone within the duct (armwbead) casting an
acoustic shadow.

Figure 6-4 ERCP shows a markedly dilated common bile dOC!
filled with multiple, large stones. An ultrasound scan of this region Ju"c
failed to reveal the presence of the common bile duct stones. 1br:
presence of a gas-filled hepatic tlexure of the colon seen at them~
of dle liver would degrade the ultrasound evaluation of this region..



primary stone formation in the common duct
or cystic duct remnant can be seen.

Differentiation of primary from secondary common
bile duct stones may be impossible. Occasionally, the
configuration of the stone is helpful. Ovoid stones or
stone fonnations that seem to be developing a luminal
configuration may suggest the presence of primary
SIones (Figs. 6-5 and 6-6).

Pseudocalculus
Although a solitary air bubble may mimic a calculus

within the common bile duct, the tenn pseudocalculus
is reserved for a convex filling defect in the distal com­
mon bile duct that has the appearance of the top of
;} stone (Fig. 6-7). No contrast material passes lateral
or inferior to the convexity, however. This appearance
is secondary to spasm of the sphincter of Oddi and can
be confirmed by simply waiting a few minutes for relax­
ation to occur. If the spasm seems prolonged or the
examiner is impatient, a I-mg intravenous injection of
glucagon usually results in the relaxation of the sphinc­
ter and resumption of a normal-appearing distal common
bile duct (Fig. 6-8).

Figure 6-5 ERCP in a patient 13 years after cholecystectomy
shows stones forming an intraluminal cast along the entire length
of thc common bile duct and common hepatic duct.

Biliary System and Gallbladder 225

Figure 6-6 Postoperative T tube cholangiography ~ho\Vs a small,
oval residual stone in the distal common bUe duct (arrowbead).

Figure 6-7 T tube cholangiogram shows a rounded filling
defect in the distal common bile duct (arrows), raising the possi­
bility of an impacted stone.
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Figure 6-8 The same patient as in Figure 6-7 after the adminis­
tration of intravenous glucagon. The apparent filling defect in the
distal common bile duct has disappeared; it represented spasm of
the sphincter of Oddi (arrows).

Blood Clot
Hemorrhage into the biliary tract can result in a

variery of appearances, from an isolated filling defect to
several filling defects to a total cast of the lumen. The
extent and rate of bleeding determine the appearance.
Bleeding into the biliary tree, hemobiJia, does not always
result in the formation of a blood clot. Tllis fmding is
becoming more common with the increasing availability
of ERCP. The most common causes include trauma,
instrumentation, tumor, and vascular abnormalities
within the biliary tract. TIle presence of stones \vithin
the common bile duct also occasionally can result in
bleeding. TIle cause is unclear, although stones passing
through the cystic duct or the distal common bile duct
may result in injured mucosa. The tilling defects caused
by clot formation are often different from the appear­
ance of stones. They tend to be less defrned and more
ovoid (Fig. 6-9). TI,ere may be some changing of config­
uration as the filling defect moves. Blood clots almOSt
never result in obstnlCtion.

Benign Polypoid Lesions
Benign bile duct tumors are uncommon, but when

present, they most frequently appear as small, rounded
filling defects on the margin of the duct. These include
such benign lesions as adenomas and papillomas and

Figure 6-9 Injection of the bile ducts during ERCP shows a cast
conforming to the bile ducts from a blood clot within the ductal
system. TIle material is soft and pliable and conforms to the ductal
system without significant obstnIctive changes.

fibromas, neurofibromas, lipomas, hamartomas, and car­
cinoids (Fig. 6-10). TI,ese lesions are usually solitary.
although multiple filling defects are present in bilia!"
papillomatosis, a rare condition in which multiple papilllJ
mas are seen. 1bis condition reputedly c...-;:uries an increased
risk of cholangiocarcinoma.

Parasites
Numerous paraSitic infestations can affect the biliary

system and result in rypical filling defects within the
common bile duct. The most common is tlle round-­
worm, Ascaris lumbricoides. The problem is world­
wide, with the greatest prevalence in developing nations
and rural areas, where overcrowding and unsanitary
environments are common. The ingested ova hatch in the
small bowel and usually make that site their habitation.
The worm is capable of ascending the small bowel and
reaching the duodenum. This proxim;ll migrJ.tiol1 can
result in some of the worms passing into the common
bile duct, leading to degrees of biliary obstruction and
possible secondary infection. Often this obstruction is



Figure 6-10 Filling defect (arrow) in the left hepatic duct is
secondary to an adenoma of the bile ducts.

accompanied by pancreatitis, either as a secondary effect
or as a re~'l.l1t of worm migration into the pancreatic duct.
linear intraluminal tllling defects are shown on contrast
~tudies of the common bile duct. The intestine is much
more commonly affected with this parasite than the bil­
iary system. Intestinal ascariasis is often asymptomatic,
but can be the basis of intestinal obstruction or innis·
susception. The worm, being quite mobile, can migrate
into the biliary tree via the ampullary papilla of Vater.

Liver flukes, most commonly seen in the Far East, are
occasionally seen in North America and \Vestern Europe
with the increase in world~ide travel and rnigrJ.tion.
The cysts are ingested, usually with raw fish. The larvae
hatch in the duodenum and migrate to the liver and bil­
iary system, where they can produce biliary obstruction
and recurrent cholangitis. There is an increased inci­
dence of cholangiocarcinoma in chronic infestation.

Hydatid echinococcal cysts of the liver also occasion­
ally can communicate with the biHary tree and discharge
daughter cysts into the biliary system, resulting in ftlling
defects.

Inspissated Bile and Sludge
When conditions exist that produce stasis in the biliary

system, the bile may congeal and produce a sludgelike
deposit, mostly in the gallbladder, but sometinles in the
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bile ducts. This deposit appears as an intraluminal cast
within the ducts that conforms to the internal ltunen of
the duct. Its appearmce is siniliar to that of a blood clot.
Although it is a rare filling defect, it is sometimes seen in
patients who have had extensive biliary surgery, cholan­
gitis, or liver transplantation. These individuals seem to be
more susceptible to biliary stasis and resultant formation
of biliary sludge. Treatment of this defect is usually
accomplished at ERCP, when the endoscopist often cm
remove the cast by use of an inflatable balloon.
Diagnosis is often made at that time because the bile cast
is a soft, greenish black material.

Air
Small air bubbles, resulting in ftlling defects within

the biliary system, are a common and troublesome fmd­
ing dUring ERCP, PTC, and operative cholangiography.
Generally, the defects are small, round, and mobile and
can be distinguished from stones when patients are posi­
tioned in dependent and nondependent positions. In
examinations in which patient positioning is a problem,
such as operative cholangiography and occasionally
ERCP, a small, rounded filling defect caused by an air
bubble inadvertently injected with contrast material can­
not be distinguished from a stone. Reinjection is often
necessary to clear up the issue. The problem may be
avoided entirely, however, if adequate precautions are
observed during the contrJ.st filling phase to exclude the
possibiliry of injecting air.

Ductal Narrowing

Postinflammation
Chronic pancreatitis is one of the most frequent causes

of common bile duct narrowing. This narrowing occurs as
a result of changes in the pmlcreatic head, consisting of
edema, chronic inflammation, and eventually fibrosis
resulting in a mass effect. The combination of mass and
cicatrization about the intrapancreatic portion of the com­
mon bile duct results in a smooth, tapered narrowing.
Approximately 25% of these patients have sufficient nar­
rowing to induce obstructive jaundice. \Vhen the stricture
is the result of mass eIfect secondary to inflammation and
edema and less due to cicatrization, the severity of the
stricture may not be permanent, and some degree of relief
may be observed as the pancreatic inflanunatory process
subsides. Prolonged strictures, resulting mostly from
fibrotic changes about the common bile duct in the intra­
pancreatic portion, can result in permanent liver damage
if unrelieved. TI,ese patients eventually go on to develop
cirrhosis. This type of stricture is not amenable to dilatation,
and rhe definitive treatment is choledochoduodenostomy
or choledochojejunostomy.

The configurJ.tion of smooth, narrow tapering over
a 2- to 4-cm segment of the distal cornman bile duct in
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its intrapancreatic portion is benign in most cases.
Occasionally, malignancy manifests in such a manner,
however. In a patient with no clinical or radiological evi­
dence of pancreatitis or gallstone disease, the physician
should be suspicious.

Other causes of stricture resulting from inflammation
and fibrosis include trauma caused by difficult stone pas­
sage, ischemic and inflammatory damage that can occur
as a result of hepatic artery chemotherdpy infusion, and
external penetrating and blunt trauma. Recurrent biliary
infections also may result in stricture formation.
Sclerosing cholangitis is discussed separately.

Postsurgery
Another important cause of benign strictures is acci­

dental injury to the bile duct during cholecystectomy or
other biliary surgery. Most of these strictures are
amenable to surgery. The inadvertent placement of a
ligature or a hemostat around the common bUe duct
or common hepatic duct is a common injury. Most fre­
quently, the trauma involves the common hepatic duct,
and depending on the degree of injury and the severity
of the stricture, symptoms may occur weeks or years
after the injury. Acutely, the patient may be jaundiced or
experience intermittent attacks of cholangitis. Ductal
stones develop above the stricture in about 25% of these
patients. Long-term, unrelieved strictures eventually lead
to obstructive biliary cirrhosis and liver failure. Careful
fundal-to-ductal dissection by the surgeon to identify the
common hepatic and common bile ducts clearly and
routine use of intraoperative cholangiography reduce
the incidence of these injuries.

Cholangitis
Several different conditions produce what can be

termed a "cholangitis" appearance to the bile ducts
(Box 6-1). This appearance consists of multiple areas of
narrowing of the ductal structures, often involving intra­
hepatic and extrahepatic systems. The areas of narrowing
can be of varying lengths and severity, even in the same
patient or duct. The intervening portions of ducts can
show a mild degree of dilatation, particularly as the dig.
ease becomes progreSSive. The development of cholangi­
tis also can predispose patients to the later occurrence
of cholangiocarcinoma. Cholangiocarcinoma is a well­
known complication of sclerosing cholangitis from
inflanunatory bowel disease, but also can occur with
parasitic cholangitides.

Sclerosing Cholangitis
Sclerosulg cholangitis is a progressive inflammatory

process involVing all or parts of the bile duct system.
Frequently, it involves the biliary system diffusely with
extrahepatic and intrahepatic involvement. The inflam­
mation results in diffuse thickening of the bile duct walls.

-
Box 6-1 Causes of Sclerosing

Cholangitic Appearance
of the Bile Ducts

Ulcerative colitis
Idiopathic causes
Ascending (infectious) cholangitis

Postoperative
Immuno:;uppression (MDS, transplants)
Parasitic

Other
Retroperitoneal fibrosis
Crohn's disease
Riedel's thyroiditis

Cholangjocarcinoma

TIle degree of severity commonly varies segmentally
(Fig. 6-11). The disease occurs more commonly in men
by a 2: I ratio.

Several conditions are associated with sclerosing
cholangitis, with ulcerative colitis being the most fre­
quently observed. At least half of patients with scleros­
ing cholangitis have associated inflammatory bowel
disease. Conversely, sclerosing cholangitis eventually
develops in 3% to 10% of patients with ulcerative colitis
and 0.5% to 1% of patients with Crohn's disease. The
relationship is not understood. Some regression in the
severity of the disease has been reported in patients
with ulcerative colitis who have had total colectomies.
Other conditions associated with scIerosing cholangitis

Figure 6-11 ERep in a 32-year-old patient with ulcemtive coUm
and sclerosing cholangitis shows intrahepatic areas of segmentd
narrowing.



include Riedel's thyroiditis and retroperitoneal and
mediastinal fibrosis. The incidence with these condi­
tions is much less compared with that of ulcerative coli­
tis or Crohn's disease.

The imaging diagnosis is best obtained by either ERCP
or PTe. Although the small sclerosed ducts are difficult
to aspirate with the percutaneous transhepatic approach,
the use of the Chiba skinny needle in recent years has
increased the sUCCeSS rate.

Diffuse or localized areas of alternating narrowing and
relative dilatation a.re seen involving the intrahepatic and
e..xtrahepatic biliary system. The differential diagnostic
considerdtions include a slow-growing scirrhous type
of bile duct carcinoma and the possibility of congenital
cystic disease when the strictures are segmental. In
addition, cholangiocarcinoma may develop as a compli­
cation of sclerosing cholangitis, and the neoplasm's
appearance is diffkult to distinguish from the cholangitis.
A secondary bile duct sclerosis can occur above chronic
partial obstructions of benign causes. The appearance is
simiJar to primary sclerosing cholangitis, and a dear lim­
itation of the changes in the extrahepatic system should
raise the suspicion of this pOSSibility. These changes are
postulated to result from the chronic recurrent cholan­
gitis associated with partial obstruction.

Ascending Cholangitis
As previously discussed, chronic recurrent ascending

cholangitis, proximal to a long-term partial obstnlction
of the common hepatic or common bile duct, results in
proximal bile stasis, dilatation, and potential develop­
ment of primary stone formation and bacterial cholangitis.
Intrahepatic and extrahepatic ducts can be involved in a
secondary sclerosing (ascending) cholangitis. The result­
ant changes in the biliary system can be indistinguish­
able from primary sclerosing cholangitis (Fig. 6-12).
Patients are usually seriously ill with a biliary system that
in the worst-case scenario is filled with pus at the height
of the infectious process (Fig. 6-13). Numerous small
pericholangitic abscesses may form and make the diag­
nosis easier. If untreated, the condition is usually fatal.
Treatment and multiple recurrences of the infectious
process are usually the scenario for the sclerosing ductal
changes. Although the treatment of the septic process is
primary, defmitive treatment consists of relieving the dis­
tal obstructive process. Occasionally, tiny common bile
duct diverticula are encountered that may indicate pre­
vious ascending cholangitis (Fig. 6-14).

Nonbacterial types of ascending cholangitis have
been described in patients with acquired immuno­
deficiency syndrome (AIDS), with a radiological picture
similar to primary sderosing- cholangitis. Biliary
Cryptosporidium, although uncommon, is being
encountered with more frequency with the increasing
number of AIDS patients. Biliary cytomegalovirus and
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Figure 6~12 Areas of narrowing with filling defects in the ducts an:
secondary to ascending cholangitis with pus present within the ducts.

moniliasis, although rare, may produce similar pictures
in immunocompromised patients.

Parasitic Cholangitis
Although rare in developed countries, parasitic migra­

tion into the biliary system is one of the most common

Figure 6-13 A case of ascending choJingitis. CT shows pus
distending the intrahepatic biliary system.
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Figure 6*14 Cholangiogram shows several small diverticula
(arrow) in the distal common bile duct associated with slight nar­
rowing and irregularity, but no obstruction.

causes of cholangitis in the world. Intestinal parasites,
such as Ascaris lumbricoides and Clonorchis sinensis,
migrate from the intestinal trJ.ct into the biliary system.
Echinococcal cysts have been known to rupture into the
biliary system and produce cholangitis by a seeding
process into the bile ducts.

A. lumbricoides is the most common cause of cholan*
gitis in the world and infects a large proportion of
the world's population. This large round"rorm migrates
up from the intestinal tract. It is easily recognizable as a
long, tubular filling defect within the extrahepatic ducts.
C. sinensis is a flatwonn 1 to 2 cm in length. This para­
site is most common in Southeast Asia. \Vhen it migrates
into the biliary system, it tends to settle into the intra­
hepatic ducts. In contrast to ascariasis, the abnormalities
in the intrahepatic ducts are more severely involved
by C. Sinensis. Similar to sclerosing cholangitis with
inflammatory bowel disease, the parasitic cholangitides
are associated with an increased incidence of cholangio­
carcinoma.

Box 6-2 Biliary Tract Abnormalities
in Liver Transplantation

Leak
Stricture at anastomosis
Attenuated intrahepatic ducts (rejection)
Multifocal strictures (duct ischemia)

Liver Transplant Rejection
Several different conditions can affect the biHary system

of the trdnsplanted liver; this can occur from one third
to one half of all transplanted patients and represents a
major diagnostic challenge for the clinician and radiolo­
gist (Box 6-2). Some of these conditions, such as leakage,
are not discussed here. Numerous conditions in the
transplanted liver eventually produce some narrowing of
the bile ducts.

During liver transplant rejection, edema and cellular
infiltration of the liver parenchyma occur. These
processes can be seen with acute and chronic rejection,
although the biliary changes may be more pronounced
with acute rejection. Imaging of the biliary rddicles dur­
ing rejection shows attenuation of the radicles and some­
times splaying (Fig. 6-] 5). The changes may become

Figure 6-15 Markedly attenuated intrahepatic ducts are due
edema in this liver transplant patient with rejection.



pronotUlced, depending on the severity of the condition.
Strictures of the extrahepatic biliary system also may be
seen. The most conlmon site of narrowing is the anasto­
mosis site in the common bile duct. The cause for steno­
sis at the anastomosis may be scarring or sometimes
focal ischemia. \Vhen strictures occur in a multifocal
distribution after transplant, the most likely cause is
ischemia. \Vhen liver transplantation is perfonned for
sclerosing cholangitis, the potential exists for recurrence
of the cholangitis. TIle appearance is similar to what is
seen typically with sclerosing cholangitis.

Extrinsic Obstructive Processes
Stricture of the intrapancreatic portion of the com­

mon bile duct is a well-known result of acute (Fig. 6-16)
and chronic pancreatitis and pancreatic carcinoma
involving the pancreatic head; this has been discussed
previously. Metastatic spread in the porta hepatis or the
peripancreatic or periduodenal region also occasionally
can produce sufficient extrinsic compression to cause
bile duct narrowing and obstruction. Tumors from the
gastrointestinal tract, lung, or breast are most commonly
involved. Lymphomatous nodes, although large and
bulky, seldom result in sufficient extrinsic pressure to
narrow the common hepatic or common bile duct seri­
ously except when accompanied by desmoplastic
changes (Fig. 6-17).

Mirizzi syndrome and Mirizzi-like syndrome are
unusual conditions that result in degrees of bitiary
obstruction. Mirizzi syndrome classically refers to a

Figure 6-16 MRCP shows mild dilatation of the biliary system
secondary to extrinsic impression and narrowing (arrows) of an
acutely inflamed pancreatic head.
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Figure 6-17 cr of upper abdomen shows severe lymph­
adenopathy with resulting obstmc[ion of pancreatic duct
("rrows) and conunon bile duct (arrowbead shows biliary stem).
This is an unusual cause of ductal ObSlntction.

stone that becomes impacted in the neck of the gall­
bladder or the cystiC duct, with the mass of the stone
and accompanying inflanunatory changes causing com­
pression and narrowing of the adjacent common bile
duct (Fig. 6-18). Malignant masses arising from the neck
of the gallbladder or the cystic duct region can result in
a Mirizzi-like picture as a result of contiguous spread,
involvement of the common bile duct, and biliary
narrowing and obstruction (Fig. 6-19).

Figure 6-18 Narrowing of the midextrahepatic ducts is from a
stone that has become impacted in the neck of the gallbladder
with inflammatory changes (Mirizzi syndrome).
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Figure 6-19 ERCP shows a lesion arising from the neck of the
gallbladder (armws) narrowing the gallbladder neck, cystic duct,
and adjacent common hepatic duct (curved arrow).

Cholangiocarcinoma
Cholangiocarcinoma is uncommon, but associated

with high mortality. It occurs most often in adults 50 to
70 years old. Approximately 3500 new cases are seen in
the United States annually. Ninety percent of cases are
adenocarcinomas. The incidence of cholangiocarcinoma
arising in patients with primary sclerosing cholangitis
using imaging as the diagnostic tool has been reported to
be 5% to 20%. The incidence is higher yet in patients
receiving liver transplants and yet higher in postmortem
studies. The risk of malignancy seems to increase with
the presence of long-term sclerosing cholangitis (Box 6-3).
There also is increased risk in any condition that results
in chronic bile Stasis, including CaroU's disease, chole­
dochal cysts, widespread cystic disease of the liver, and
cenain parasitic infections. ll1ere is also an increased
risk with chronic parasitic infections of the biliary sys­
tem, with biliary papillomatosis, and in some environ­
mental circumstances, such as are encountered in the
chemical industry. Prognosis for tIlis disease is poor, and

Box 6-3 Precursor Conditions for
Cholangiocarcinoma

Sclerosing cholangitis
Choledochal cyst
Parasitic cholangitis
BiHary papillomatosis

Box 6-4 Radiographic Appearance
of Cholangiocarcinoma

Focal stricture

Polypoid lesion
Diffuse narrowing (scirrholls)

there is no defmitive treatment at present. Radiation
therapy, chemotherapy, and ductal stenting offer some
palliation. In a small select group of patients, some suc­
cess has been reported with liver transplantation. in gen­
eral, this option has had poor results, however, and
cholangiocarcinoma is not generally considered an indi­
cation for transplantatiOl'l.. Survival after the diagnosis
of this condition is 6 to 12 months. Few patients live
beyond 1 year.

Although cholangiocarcinoma can present as a mass
in the hepatic hilum (about 10% of cases), the most com­
mon presentation of cholangiocarcinoma is a short area
of irregular biliary stenosis (Box 6-4). Tilis stenosis is
occasionally accompanied by marked desmoplastic
changes and infiltration of the walls of the bile duct, and
the lesion rarely can resemble sclerosing cholangitis.
Approximately half of these tumors al·e located in the
region of the bifurcation of the main biliary ducts
(Klatskin's tumors) (Fig. 6-20). Morphologically, these

Figure 6-20 Cholangiography shows narrowing of the ducts 3i.

the bifurcation, representing a sclerosing cholangiocarcinonu.
(arrow). This is called a K1atskin tumol".



lesions can be focally stenotic (most common) and poly­
poid or diffusely scirrhous in nature. cr and ultrasonog­
raphy are often unable to show the tumor, although the
secondary effects of biliary obstmction are readily iden­
tified using these modalities. ERCP is helpful, but in
cases with high-grade obstrrlctive lesions, PTe is supe­
rior in that it is able to show the proximal extent of the
lesion. The value of.MRl in tllis lesion is debatable. Some
authorities suggest that the tumor may be more visible
on certain MRJ protocols. At dlis point, MRl does not
occupy a primary role in the imaging worb.'Up, however.

The most common lesion pattern is a short, irregular
stricture, although smootll margins are frequent. The
polypoid form has the best prognosis, whereas the scir­
rhous form has the worst. Only a few patients are candi·
dates for any form of surgical resection. For the
remainder, when the diagnosis has been fmnly estab­
lished, biliary drainage is the goal. Drainage is accom­
plished by stenting the narrowed segment either from
below (ERCP) or from above (PTC).

Adjacent Malignant Lesions
Malignant lesions arising in the tissues adjacent to the

biliary system (Box 6-5), such as the liver in the case of
hepatoma or occasionally hepatic metastatic lesions, can
result in biliary stenosis caused by compression or inva­
sion (Fig. 6-21). A similar pattern can be seen with cancer
of the pancreatic head (Fig. 6-22). Cancer of the ampulla
of Vater commonly constricts the distal common bile
duct, leading to proximal distention. The bile ducts can
be divided into pancreatic, suprapancreatic, and intra­
hepatiC regions. If the pancreatic portion of the common
duct is involved, the most likely process would be one
arising from the pancreas, such as pancreatic carcinoma

Box 6-5 Bile Duct Stricture/Narrowing:
Location versus Etiology

PANCREATIC

Pancreatic carcinoma
Pancreatitis
Cholangiocarcinoma

SUPRAPANCREAllC

Adenopathy (metastases)
Cholangiocarcinoma
Mirizzi syndrome (stone impacted in cystic duct)
Gallbladder neoplasm

INTRAHEPATIC

Cholangiocarcinoma
Uver metastases
Primary hepatiC neoplasm
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Figure 6-21 Cholangiogram in a patient with known breast
cancer and disseminated metastatic disease shows obstruction of
the biliary system at the level of the common hepatic duct (arrow)
as a result of metastatic disease in Lhe porta hepatis.

Figure 6·22 MRCP shows lesion in pancreatic head (arrows)
and dilatation of left main bile duct (arrowhead).
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or pancreatitis. Above the pancreas, but still in the
extrahepatic ducts, the most likely cause of narrowing is
enlarged lymph nodes from either an abdominal or
an extraabdominaJ rumor. Involvement by gallbladder
disease, either malignant or inflammatory, also can
produce narrowing. Intrahepatic involvement of the
ducts is produced by hepatic neoplasms, usually
metastatic.

Ampullary and Periampullary Processes
Ql.fcinoma of the :unpulla of Vater is often a nonspecific

entity that includes lesions arising from the distal common
bile duct, the pancreatic duct, and the adjacent duode­
num. The appellation is more regional than histological,
and in many instances it is impossible to differentiate
these nlfilors histologically. Tnle periampullary carcino­
mas are relatively rare. Carcinomas of the pancreatic
head are three to four times more common (Fig. 6-23).
Although the survival rate with pancreatic carcinoma is
usually 1 year or less, true periampullary lesions can
have a much better prognosis. with 5-year survival rates
of 40% in patients with negative nodes. In this patient
group, jaundice resulting from common bile duct
obstruction is one of the most common presenting
symptoms along with weight loss and anorexia. A palpable
gallbladder (Courvoisier's gallbladder) is seen in at least
2;% of patients.

Other assorted ampullar)' and periampullary
processes that may result in biliary duct obstruction
include polyps arising in the periampullary region.
These are uncommon, but adenomas, particularly the
villous type, are the most frequently encountered lesion
(Fig. 6-24). Carcinoids of the periampullary region also

Figure 6-24 ERCP shows some dilatation of the common bile
duct with narrowing distally (arrow). The f'mding was persistent
and proved to be a villous adenoma of the duodenum with exten·
sion into the distal common bile duct.

have been described, along with most of the other
benign rumors of the gastrointestinal tract.

Duodenal diverticula are a common and mostly
innocuous fmding on upper gastrointestinal (UGI) exam­
inations. Most of the diverticula occur in the juxta­
ampullary region, and the ampulla may empty into

A B
Figure 6-23 A, A patient with pancreatic carcinoma presenting with biliary obstmction. A com­
puted tomographic section through the liver shows a dilated imrahepatic system. n, MID shows bile
duct obstruction.



the diveniculum. In most instances, this condition pro­
vides little or no problem. Under certain circumstances,
however, tilt: anatomical arrangement becomes important.
If the ampulla empties into the diverticulum, and there
are duodenal inflammatory changes involving the diver­
ticulum, the possibility of inflammatory and edematous
changes resulting in some obstruction to the outflow of
bile and pancreatic secretions is increased. This situation
is uncommon. If the diverticulum is sufficiently large
and bulk", it may present a mechanical difficulty by
impressing the distal common bile duct. When the
papilla is located within a diverticulum, the risk of
papillary injury during cannulation is increased.

Biliary Atresia
Biliary atresia is defmed as luminal obliteration of

either the intrahepatic or the extrahepatic bile ducts dur·
ing the neonatal period. It is the most common cause of
jaundice and liver-related death in neonates. It may be
congenital, although there is some sllspicion that the
lesions are caused by intrauterine, biliary, or hepatic
infections and inflammation resulting in sclerosing
changes within the ductal system. The symptoms usually
develop shortly after birth, and without liver transplan­
tation, life expectancy depends on the degree of biliary
patency present. Life expectancy in general is approxi­
mately 2 years.

Trying to sort out the confusion surrounding the two
neonatal conditions, biliary atresia and neonatal hepati­
tis, is an ongoing problem. Even with liver biopsies, a
clear differentiation may not be possible. This observa­
tion has Jed some investigators to suggest that biliary
cirrhosis and neonatal hepatitis may be manifestations
of the same disease process.

Ductal Dilatation

Obstrnction
The radiological problems of biliary stenosis and bile

duct dilatation overlap, with one commonly leading
to the other. The classification in this and the following
section is at best arbitrary, choosing to emphasize the
primary pathophysiological process. The most common
cause of biliary duct distention is obstruction, many of
the causes of which have been previously discussed (see
Fig. 6-23). The problem of a dilated biliary ductal system
is viewed in this section from the perspective of the
dilated ducts as the primary problem instead of as the
sequela of some other problem, such as stenosis. Bile
duct obstnlction can be obvious, even in unenhanced
computed tomographic scans of the liver. ObstnlCtion
also can b~ subtle in its early stages, however, and the
readcr should be aware that the earliest change of bile duct
obstruction is seen in the left lobe of the liver, whereas
the right lobe may remain relatively normal (Fig. 6-25).

Biliary System and Gallbladder 235

Figure 6-25 Early bUe obstruction seen on cr of upper liver.
Note that the left biliary system is more obviously dilated
(armws).

Choledochal Cysts
Choledochal cysts are not true cysts, but rather cystic

dilatations of the biliary tree. The condition is lIDcom·
mon, although the Japanese report a higher incidence
than the rest of the world. The changes in the biliary tree
are thought to be congenital, but evidence suggests that
some cases may be acquired as a result of an anomalous
configuration of the pancreaticobiliaty junction and sub­
sequent reflux of pancreatic secretions into the bile
duct. Whether the dilatation is congenital or acquired,
it seems that it is a progressive process; choledochal
cysts are only infrequently encountered in infancy.

The original classification of choledochal cysts
divided them into three categories (Fig. 6-26). The first
and most common presentation (80% to 90%) is manj·
fested as a cystiC dilatation of the entire common bile
duct (type IA). A subtype of this (type 18) is focal dilata­
tion of the common bile duct (Fig. 6-27). Another sub­
type (type 1C) is fusiform dilatation of the common bile
duct (Fig. 6-28). In the type I form of choledochal cysts, the
lesion is SOlitary and limited, and neither the cystiC duct
nor the intrahepatic system is involved. The cystic dilata­
tion can be fusiform or saccular in configuration.

In type 2 (about 2% of all cases), a well-defined diver­
ticulum with an ostium is seen arising from tlle common
bile duct. The remainder of the biliary tree is usually
normal. If the diverticulum becomes sufficiently large:
it may begin to compress, narrow, and obstruct the com­
mon bile duct extrinsically. Type 3 choledochal cyst is a
choledochocele, in which there is cystiC dilatation of the
intraduodenal portion of the common bile duct and pro­
trusion into the duodenal lumen (2% to 5% of all cases).



Choledochal cyst type 2
(well-defined diverticulum)
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Choledochal cyst type 1A (cystic dilatation)

Choledochal cyst type 1C (fusiform dilatation)

A

Choledochal cyst type 1B
(focal segmental dilatation)

Figure 6-26 Classification of choledochal cysts.

In recent years, two categories have been added.
Type 4A consists of multiple intrahepatic and extrahep­
atic segmental cystic dilatations (Fig. 6-29), and type 4B,
an extremely uncommon type, is limited to extrahepatic
segmental cystic dilatations. Type 5, which is a pattern
of multiple intrahepatic cystic dilatations with sparing of
the extrahepatic system (also known as Caroli's disease),
is discussed separately.

Every medical student is familiar with the clinical
triad of right upper quadrant pain, mass, and jaundice,

which is said to represent the classic findings of chole­
dochal cysts. As is frequently the case, the classic find­
ings occur in only a few patients (22% to 40%). Right
upper quadrant pain or discomfort is the most COUlmon
symptom and is frequently attributed to the gaUbladder.
misdirecting the initial workup. Other clinical presen­
tations include cholangitis and pancreatitis. Gallstones
are found in a higher number of patients than expected
who present as adults, and acute cholecystitis or gall­
stone-related pancreatitis occasionally can be the



Choledochal cyst type 4A
(multiple intrahepatic and extrahepatic
segmental cystic dilatations)Choledochal cyst type 3 (choledochocele)

Choledochal cyst type 46
(extrahepatic segmental cystic dilatations)

B
Figure 6-26

presenting problem. In many instances, the correct
diagnosis is not made preoperatively.

Imaging methods of choice include ERCP and PTC,
which permit the morphology of the ductal systems to

be seen in detail. Ultrasonography, cr, and radionuclide
scans also may be helpful, but in many cases it is impos­
sible to nIle out an obstructing process as the cause of
ductal dilatation.
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Choledochal cyst type 5 (Caroli's disease)

Coot'd

Caroli's Disease
CaroB's disease, also designated as type 5 choledochal

cystic disease, is a condition usually limited to the intra·
hepatic ductal system and manifested as segmental sac­
cular dilatations within a nonobstnlcted system. For
some unknown reason, portions of the ductal system are
spared in some patients. The process results in stasis and all
the attendant complications associated with biliary stasis.
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Figure 6-27 Choledochal cyst, Cholangiogram shows focal
dilatation involving part of the common bile duct and common
hepatic duct.

Figure 6-28 Choledochal cyst. Retrograde cholangiogram
shows fusiform dilatation of the entire common bile duct.

Figure 6-29 T tube cholangiogram shows multiple biliary cystic
changes throughout the extrahepatic and intrahepatic system,
consistent with Caroti's disease.

including infection and stone formation. These compli­
cations usually cause patients to seek medical attention.
Liver function ,mel portal blood flow are generally well
preserved.

The disease is rare and probably is seen with consid­
erably more frequency in written and oral board exami­
nations than in actual practice. The course of the process
is linked to the predisposition to develop bacterial cholan­
gitiS and a defmite increased risk for cholangiocarcinoma.
These patients have an apprOXimately lOO-fold increased
risk for the development of this cancer.

Some controversy exists as to the cause of Caroli's
disease. Some authorities believe that it is only one mani­
festation of a more generalized disease process that
includes renal tubular ectasia (meduUary sponge kidney).
congenital hepatic fibrosis, and intrabiliary sacculations.
Renal tubular ectasia and renal cystic disease are seen in
almost 80% of repofted cases. There is also an increased
incidence of pancreatic cyst formation.

Ultrasonography and cr show multiple intrahepatic
cysts (Figs. 6-30 and 6-31), but differentiation from poly­
cystic disease may not be possible without luminal con­
trast studies, such as ERCP or PTe. These studies clearly
show the ductal origin of the cystic structures and prOVide
a better opportunity to evaluate potential complications.

Papillary Stenosis
Periampullary f]brosis or papillary stenosis can occur­

as a result of chronic inflammatory changes in the
ampulJary region. The difficult passage of a galJstoo<c
may account for some of the stenotic changes obsen~ed

It also may be possible that some of the stenosis cou.ld
be iatrogenic as a result of previous failed sphincterot­
omies or repeated cannulations; this is one of the more
common causes of mild diffuse dilatation of the bik
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Figure 6-30 Ultrasound examination of the liver in a patient
widl Caroli's disease shows nlultiple cySts (arrows).

ducts without any other underlying cause apparent.
Often these patients have mild abnormalities in liver
fimction tests, but the degree of jaundice is typically
minimal. The diagnosis is made at ERCP and is one of
exclusion, although some clinicians measure intraductal
pressures. Treatment also can be done by the endo~

copist, and sphincterotomy is usually all that is necessary
for treatment.

Cholangitis
Recurrent bacterial cholangitis can result in changes in

the intrahepatic ductal system that can produce dilatation
in its initial stages. Numerous sacculations and strictures
are the usual pattern in chronic disease, and the changes
begin to resemble sclerosing cholangitis (Fig. 6-32).

Figure 6-31 cr in a patient with Caroli's disease shows multi­
ple cystic changes that are seen more prominently in the left lobe
of the liver. Although most of the cysts seem discrete, some give
the appearance of being pan of dlC branching bili:U1' system,
suggesting this diagnostic possibility.
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Figure 6-32 PTe in a patient with infectious cholangitis shows
multiple strictures and sacculations of the intrahepatic system.

Chronic recurrent cholangitis is uncommon in North
America and Europe. In the Far East, however, it is
among the most common causes of abdominal emergen­
cies leading to hospital admission. The extrahepatic
ducts also can be involved. The most important
causative factor is the antecedent presence of intrabil­
iary parasitic disease that results in an increased inci­
dence of stone formation, obstruction, and subsequent
infection.

Postcholecystectomy
It has been asserted that the common bile duct can

become mildly dilated after cholecystectomy. The issue
is controversial, and postsurgical common bile duct
dilatation is not accepted by everyone. The literature
reports the results of sUldies supporting both perspec­
tives. Episodic right upper quadranl pain is seen in 5%
to 40% of postcholecystectomy patients. In such symp­
tomatic patients, there is an increased incidence of mild
corrunon bile duct dilatation.

Miscellaneous Conditions

Pneumobilia
The most common cause of pneulllobilia is previous

diverting surgery for biliary obstnJction, such as choledo­
chojejunostomy or choledochoduodenostomy (Box 6{}).

In patients who have had previous sphincterotomies
during ERCP, air may reflux from the duodenum into the
biliary system. Any condition that undermines the com­
petence of the sphincter of Oddi, whether it be tidU­
matic, inflammatory, neoplastic, or iatrogenic, can result
in air in the biliary system. On plain abdominal fIlms, the
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Box 6-6 Causes of Air in the Biliary
System

Prior surgery or sphincterotomy
Fistula, biliary-enteric

Ulcer
Gallstone erosion
Crohn's disease
Carcinoma

Emphysematous cholecystitis/cholangitis

air is seen as linear branching lucencies (Fig. 6-33), and
during UGI studies barium also may be seen within the
biliary system. The air collections within the biliary system
are generally centralized as a result of the centripetal
flow of bile (Fig. 6-34). This observation helps distin­
guish air in the biliary system from air in the portal
venous system, which is carried peripherally.

One cause of air in the biliary system is biliary-enteric
fistula. This condition is discussed in more depth in the
gallbladder section because the fistulous connection is
almost always between the gallbladder and the adjacent
bowel. Most cases involve the duodenum, although
fistulous connection from the gallbladder to the colon
can occur (Fig. 6-35). Even less common is a fistulous
connection to the stomach. These conditions most com­
monly result from chronic cholecystic inflammation com­
bined with erosion of a stone through the gallbladder
wall and communication with the adjacent bowel lumen.
In about half of cases, a permanently open fistulous tract

Figure 6-33 Plain mm of abdomen shows air in branching
structures of the biliary tree (arrows).

Figure 6-34 CT shows air in the central biliary system
(arrows).

remains, and air can be seen within the biliary tree. The
next most common cause is peptic ulcer disease, usually
from the duodenal bulb. The common bile duct is in
close appOSition to the proximal duodenum, and ulcers in
that location may perforate into the duct. Other unusual
causes of biliary fistula include Crohn's disease and neo­
plasms and rarely biliary-pancreatic fistula (Fig. 6-36).

In most inflammatory conditions of the duodenum.
even the more severe peptic processes, the biliary system
is unaffected. Reflux of air into the biliary tree has been
seen rarely, however, in patients with severe involve­
ment of the duodenum with Crohn's disease. \Vhether
this reflux is due to distortion, deformity, and subsequent
incompetence of the sphincter of Oddi or is a result of fis­
tulous connections between the duodenum and common

Figure 6-35 Film from a barium enema shows barium filling z
small, tubular stmcfilre adjacent to the colon and just superior to t!r
hepatic flexure dlat proved to be a small, contracted gallbladdc:­
continuous with the colon as a result of a fistulous connection.



Figure 6~36 Intraoperativc cholangiogram shows contrast
material in tile head of thc pancreas (an"'Ows).

bile duct is unclear. Occasionally, a periampullary neo·
plastic process sufficiently affects the sphincter of Oddi
to induce incompetence and refiLL'X of air.

Rarely, biliary air may be seen in asymptomatic
patients with no evidence of current disease or history of
previous disease or surgery. This finding may be related
to anomalous pancreaticobiliary duct relationships.

Bile Peritonitis and Biloma
Leakage of bile from eitller the gallbladder or the bil­

iary ductal system can result from several conditions.
Focal bile leakage after biliary surgery or after PTC is
common, although serious consequences associated with
these leaks are much less common. Abdominal trauma,
particularly penetrating trauma, is another important
calise of bile leakage. Serious free spillage of bile into the
peritoneal cavity can result in bile peritonitis with the
clinical picture of an acule surgical abdomen. If the bile
leakage is sequestered and loculated, usually in the right
upper quadrant of the abdomen, a biloma develops.
Bilomas that mature for a few weeks usually are round
and have a thin capsule. Patients present with abdominal
tenderness and a mass in the right upper quadrant in
most cases. The biloma can occur in the midabdomen or
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Figure 6-37 This is a computed tomograph.ic section through
the lower portion of the gallbladder in a patient with severe inflam­
mation and gangrcne of the gallbladder (arrowbead) wall and a
pericholecystic stranding (arrows).

left upper quadrant, however, in about one third of the
cases. If the biloma ruptures, the clinical presentation is
more dramatic, similar to that of frank bile peritonitis.
Additionally, a biloma can decompress itself by eroding
into an adjacent holJow viscus and possibly setting up
a fistulous connection between the bowel and biliary
system.

Gallbladder perfOT"dtioo is also a known complication
of acute cholecystitis in approximately 10% of cases
(Fig. 6-37). The spillage of infected bile (which is almost
always the case in this complication of acute cholecysti­
tis) into the peritoneal cavity results in a fulminating
peritonitis that requires immediate surgical intervention.
Approximately half of patients with acute cholecystitis
and perforation of ti,e gallbladder form a biloma that
usually becomes infected as well. This condition may
manifest several days to weeks after the perforation as
a pericholecystic abscess.

GALLBLADDER

Examination Techniques

Oral Cholecystogram
In February 1924, a method for opacifying the gall­

bladder was reported by Graham and Cole in the]ottrnal
of the An'lerican Medical Assoda.tion. The original can·
trast agent used was the sodium salt of tetrabromo­
phenolphthalein. ]n rJle ensuing decades, more efficient
and safer cholecystographic agents were developed.
[opanoic acid (Telepaque), a triiodobenzene ring com·
pound, was introduced in the 19505 and along with varia·
tions has been the st.llldard oral cholecystographic agent.
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Having been displaced by the ultrasound scan, the OCG
is now viewed as a secondary imaging study of the gall·
bladder. It is reserved for some patients for whom chemical
dissolution or lithotripsy is being considered. As these
therapeutic techniques are becoming less common, the
OCG is becoming an even more obscure imaging exam·
ination. Because the OCG is the only imaging modality
that is an actual reflection of hepatocellular physiology,
however, it is a worthwhile exercise for the training radi·
ologist to have a basic understanding of the examination
and the significance of its results.

Being mostly lipid soluble, orally administered
iopanoic acid is readily absorbed from the gut into the
portal bloodstream, where it is bound to serum albumin
and transported to the liver. 10 the hepatocyte, the bound
cholecystographic agent undergoes conjugation in a man­
ner similar to bilirubin. It is excreted into the biliary ductal
system, where it ultimately collects in the gallbladder.
In a fasting, fat-restricted patient, gallbladder contractility
is diminished, and the contrast agent remains within the
gallbladder, where concentration can occur as a result of
water absorption. In most JYJ.tients, the gallbladder is suffi­
dently opacified for intaging 18 to 24 hours after the inges­
tion of the contrast agent (Fig. 6-38).

Not aU of the ingested contrast agent is absorbed.
Some passes through the small bowel into the coJon and
appears as dense flecks of contrast sprinkled throughout
the lower bowel. Not all conjugated contrast material is
retained in the gallhladder. 10 the bowel, the conjugated
excreted contrast agent is seen as a homogeneous, hazy,
luminal opaCity. It also has been estimated that a sizable
amount (one third) of conjugated agent is excreted
through the kidneys. As a result, renal toxicity is a
known but rare complication of oral cholecystography.

For years, the usual dosage has consisted of 3 g (six
tablets) of the oral contrast agent. Approximately 30%
of patients have faint or no opacification of the gallblad­
der after this dosage. Two thirds of these patients have
gallbladder visualization after the administration of a
second 3-g dose. TIus two-dose schedule is incorrectly
referred to as a double-dose ex:unination in many radiol­
ogy departments and occasionally results in a patient's
receiving 6 g (12 tablets) of oral contrast agent at the same
time. This dosage may reduce the chances of opacifica­
tion because of the significant d.iarrhea it often causes.
The correct application of this regimen, whidl is now
routinely used by many institutions, is to administer 6 g of
the contrast agent to the patient divided into 3-g doses
over a 2-day period. A fat-restrictive diet is maintained.

In a diseased or obstructed gallbladder, little or no
opacification occurs. In a diseased nonobstnIcted gall·
bladder, the reason for nonopacification may relate to

ti,e inability of the sick gallbladder to concentrate the
bile and the contrast agent. Inflammatory changes
involving the wall of the gallbladder, in particular the

Figure 6·38 Nonnal opacification of the gallbladder is san
after the ingestion of oral cholecyslOgrd.phic contrast material.

mucosal surface, resulting in edema and hyperemia, ma~
impair the integrity of the gallbladder mucosa. This
impairment increases its pemleability to the contras
agent, and some of the contrast agent may escape the
gallbladder via absorption through the mucosal surfacr
with vicarious excretion through the kidneys.

Although the failure to opacify the gallbladder after a
repeat-dose examination is presumptive evidence of gall­

bladder disease, there may be other causes of nonopad­
fication not directly related to gallbladder pathology, an<!
these causes must be excluded (Box 6-7). Some cause>
include the following:

Problems with patient compliance. Most com­
monly, the problem of patient compliance is a res
of ti,e patient's failure to lmdersrand the instruction<
for d,e ingestion of the tablets and dietary restric­
tions. 111ese problems are best avoided by a careful
explanation to ti,e patient accompanied by a simple
set of written instructions and the phone number d
a person within the department who may be
readIed if the patient has questions or concerns.



Box 6-7 Causes of NonvisuaUzation of
the Gallbladder During Oral
Cholecystogram

- -~-

Patient noncompliance
Failure to absorb contrast material
Liver dysfunction
Gallbladder disease

Nonnal «10%)

Failure to reach the absorbing S'u1tace. Unless
the contrast material reaches the absorbing smfaces
of the small bowel in adequate amounts, insufficient
absorption occurs, and poor opacification is the
result. This situation can occur for many reasons.
Diverticula anywhere in the gut proximal to these
absorbing surfaces can sequester contrast material,
greatly diminishing flow distally. These diverticula
can be located in the esophagus, the gastric fundus,
the duodenum, or the jejunum. Patients with or
without diverticula who are sick, immobile, and
limited to the supine position also may sequester
the contrast material in the fundus of the stomach.
Gastric outlet obstnlction, of any cause, whether
inflammatory or neoplastic, can result in lack of
presentation of the contrast material to the small
bowel. A patient with constant vomiting may lose
much of the contrast material before it reaches the
small bowel. Patients with gastric atony or
gastrocolic fistulas also can be expected to present
some difficulty in achieving opacification of the
gallbladder.
Absorbing surface abnormalities. Absorbing surface
abnormalities are a relatively uncommon cause of
nonopacification, even among patients with known
inflammatory bowel disease and malabsorption
syndromes that affect the absorbing surface of the
small bowel. Occasionally, a patient with Crohn's
disease or extensive small bowel resection who
has a nom1al gallbladder can show nonopacification
at OCG because of inadequate absorption. Patients
with severe acute pancreatitis and accompanying
malabsorption may fall into the same category.
Hepatocellular abnormalities. Because the con~

trast agent must undergo conjugation within the
hepatocyte before being excreted into the biliary
system, the presence of nonnal hepatic function is
necessary for the OCG. Patients with elevated
bilirubin levels (>2 mgldL), whether from primary
hepatocellular dis~ase or from biliary ductal
obstructing processes, are not candidates for the
OCG. Diminished opacification or nonapacifica­
tion occurs in these patients not only because of
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the impairment of the intrahepatic capacity to
transport the contrdst agent, but also because the
contrast agent molecule competes with bililubin
for the hepatobiliary-excretion mechanisms.

The use of the OCG declined dramatically during the
1980s with the widespread use of ultrasonography in the
evaluation of the gallbladder. As previously mentioned,
in recent years use of the OCG increased modestly for
a period concomitant with the use of biliary lithotripsy
to evaluate for stone size, number, and calcification.

Despite the decrease in the number of OCGs being per·
formed in the United States, this is a simple, safe, inexpen­
sive, and accumte method for examining the gallbladder.
Its sensitivity in detecting gallstones approaches that of
ultmsonogrdphy, whereas the cost of an ultrasound scan
i.uIges from 11/) to 2 times that of an OCG. The sensitivity
for detection ~f gallstones with the OCG is said to be
around 94% compared with 98% for ultrdsound scan.

A significant limitation of the OCG is that diagnostic
information is limited to the gallbladder. In a patient
with a clinical history and symptoms that are most con­
sistent with gallstone disease, an OCG, under certain
circumstances, still may be considered a reasonable
inexpensive first step in the evaluation of the patient.
Filming procedure for the OCG includes upright,
oblique, and compression views of the gallbladder.

Ultrasonography
Ultrasonography has the advantage of being noninva­

sive and not using ionizing radiation. It is highly accurate
in detecting gallstones. It can provide additional valuable
information regarding gallbladder waU thickness and
pericholecystic abnormalities and an evaluation of the
liver and pancreas (Fig. 6-39).

With the widespread use of real-time ultidsonogra­
phy, this method of imaging has become the primary

Figure 6-39 Ultrasound examination of patient shows a large,
solitary gallstone casting a prominent acoustic shadow.
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diagnostic modality for gallbladder and biliaty pathology.
When the oeG is contraindicated, an ultrasound scan
is an effective alternative; this applies in jaundiced
patients with abnormal bilirubin levels and in patients
with known allergies to iodinated contrdst material. Any
patient with known structural abnormalities, such as
high small bowel obstruction or gastric outlet obstruc­
tion, predictably would have an unsuccessful OCG
examination. In these instances, ultrasonography always
should be considered the fIrst choice. In any instance in
which the OCG is not conclusive or there is nonopaciti­
cation of the gallbladder, ultrdsonography is indicated.

Radioisotope Studies
Direct radionuclide imaging of the biliary system and

gallbladder may be obtained using technetium-99m­
labeled derivatives of IDA (HIDA, DISTDA, mebrofenin),
which are excreted directly into the biliary trdct and can
show patency with a high degree of senSitivity. The most
obvious use of radionuclide imaging is in the evaluation
of cystic duct patency in patients with signs and symp­
toms of acute cholecystitis.

After the administration of the radionuclide, concen­
tration can be detected in the liver within 5 to 10 min­
utes. Usually by 40 to 60 minutes, the biliary system,
including the gallbladder, common bile duct, and possi­
bly the cystic duct, may be seen, with some activity
already present within the adjacent small bowel loops.
Cholecystokinin or an analogue may be given before the
examination to contract and empty the gallbladder and
possibly promote ftlling during the study. This maneuver
should be considered in patients in whom normal
dietary stimulation of the gallbladder is ineffective.

In some instances, the efficiency of gallbladder contrac­
tion and emptying can be determined using the same
agent by measuring uptake over the gallbladder befote and
after intravenous injection of cholecystokinin. It is assumed
that some patients who have no evidence of stones or
inflammation but have symptoms similar to those seen in
gallstone disease have biliary dyskinesia, which can
have identical symptoms. This diagnosis is controversial.

Nonvisuallzation of the gallbladder after 1 hour usually
indicates cystic duct obstnlCtion. Delayed gallbladder
visualization beyond 1 hour after the common bile duct
and the adjacent bowel already have been identified does
not nue out the possibility of acute cholecystitis, although
such a finding would be unusual. More commonly,
delayed visualization of the gallbladder is associated with
chronic cholecystitis. Generally, the longer the delay, the
greater the likelihood of chronic cholecystitis.

Computed Tomography and Magnetic
Resonance Imaging
CT cannot be considered a primary examination tech­

nique for simple gallbladder evaluation at this time.

If gallstones are calcified, they may be detected on CT
depending on the location of the stones and the thick­
ness of the slices. Most stones, being composed of cho­
lesterol, tend to blend into the bile environment within
the gallbladder and often are not seen. Pericholecystic
fluid or masses can be well shown on CT, however. MRJ
has not played a significant role to date in the evaluation
of gallbladder disease.

Dilated Gallbladder

Physiological Causes
Patients undergoing prolonged fasting or starvation

accumulate increased amounts of bile within the gall­
bladder, with resultant distention of the organ. These
individuals also have. an increased risk of stone forma­
tion. A similar picture is encountered in patients receiv­
ing prolonged hyperaHmentation. After bone marro,,·­
transplantation, patients commonly show some disten­
tion of the gallbladder on ultrasound scan and computed
tomographic scan of the abdomen. Often this distention
is accompanied by sludge or stone formation. The exact
cause of these fIndings is unclear.

Courvoisier's Gallbladder
Progressive, painless enlargement of the gallbladder

with late development of jaundice has long been recog­
nized as a high-probability sign for pancreatic cancer
with secondary involvement and narrowing of the distal
common bile duct (Fig. 6-40). Other lesions, such as car­
cinoma of the ampulla of Vater or the peripapillary duo­
denum, can result in a similar clinical presentatiOn.
Additionally, benign processes, such as villous adenomas
or carcinoids involving the region of the papilla, ha\'e

Figure 6-40 CT in a patient with known carcinoma of the p2::l­

creas and passive diJatation of the biliary system and gallbladdc:­
(arrow). Note dilatation of the pancreatic duct (arrowheads)_



been noted to resllit in Courvoisier's sign. The general
clinical significance of Courvoisier's gallbladder is that
a palpable, nontender gallbladder in a jaundiced patient
is more likely to be related to a neoplastic process than
to an inflammatory process or a stone. Progressive, slow
obstruction of a normal gallbladder results in a consider­
able amount of painless distention. Conversely, disten­
tion in chronic disease is less likely, even with significant
obstmction, because of gallbladder wall thickening and
fibrosis. Distention secondary to stones is comnlonly
intermittent, incomplete, and painful. Inexplicably, some
patients with complete cystic duct obstruction who do
not present in the acute stage go on to manifest one of
several conditions associated with chronic aseptic cystic
duct obstruction. These conditions include porcelain
gallbladder, nallk of calcium bile, cholesterol impregna­
tion of the gallbladder waU and mucosal surface (straw­
berry gallbladder), and hydrops of the gallbladder.

Hydrops
In most instances, patients with gallstone obstruction

of the gallbladder neck or cystiC duct present with acute
cholecystitis. These patients frequently have a distended,
painful gallbladder. The treatment of acute cholecystitis
varies, depending on the condition of the patient and
operative risks. Most commonly, early surgery is favored.
In a few individuals who have chronic obstruction of the
cystic duct, the gallbladder can become distended and
surprisingly large, containing a clear or mUCOid, milky
aseptic bile. This is the condition known as hydrops of
the gallbladder. Some patients have little or no history of
gallbladder disease, and the finding can be incidental.
Most patients have degrees of right upper quadrant
discomfort and possibly biliary colic, however. TI,ese
patients arc almost never jaundiced, unless some inter­
vening process results in common bile duct obstruction.
Complications of hydrops of the gallbladder include gall­
bladder empyema (when the gallbladder content
becomes infected), perforation, or, rarely, infarction.
Although radionuclide imaging is the examination of
choice in suspected acute cholecystitis, ultrasonography
has been found to be a superior method of evaluation in
the chronic situation, with remarkably easy and quick
identification of the dilated, distended gallbladder. If the
obstructing stone can be shown in the gallbladder neck
or cystic duct, the diagnosis is complete.

Neuromuscular Abnormalities
Gallbladder atony and enlargement are common

among patients with diabetes mellitus, occurring in half
of patients with insulin-dependent diabetes. The inci­
dence may be higher in patients with peripheral vascu­
lar disease or diabetic neuropathy. Additionally, patients
with diabetes have a decreased ability to empty tI,e gall­
bladder, with resultant increased bile stasis and
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increased risk of stone formation. TIle increased size of
the gallbladder relates to contractile abnormalities of the
muscular wall of the gallbladder secondary to neuro­
muscular changes associated with the disease.

Posrvagotomy patients may have increased gallblad­
der size. An increased incidence of gallstone fomlation
in these patients also has been observed. Truncal vagot­
omies are more frequently associated with increased
gallbladder volume and selective vagotomies less so.

Small, Shrunken Gallbladder

Chronic Cholecystitis
The term chronic cholecystitis has meant different

things to different clinicians in various specialties. In a
few patients, obstruction of the cystic duct results in
hydrops of the gallbladder with intermittent or persistent
symptoms. These patients may be said to have chronic
cholecystitis. More frequently, chronic cholecystitis refers
to tI,e presence of chronic inflammatory changes in the
gallbladder wall with associated thickening of the wall.
The gallbladder is small and often contracted and in 95%
of the cases contains numerous stones. This pattern is
probably the most conunonly encountered form of
gallbladder inflammation seen at surgery. These patients
frequently have intermittent biliary colic resulting from
intermittent cystiC duct obstruction. Typically, the pain
is severe, in the right upper abdomen, possibly radiating
to the back or shoulder. The pain has a tendency to esca­
late shortly after the onset of symptoms and diminish
slowly over the next few hours, as opposed to acute
cholecystitis, in which the pain continues to increase
and is prolonged beyond 5 or 6 hours.

The diagnosis of chronic cholecystitis may be sug­
gested on computed tomographic or ultrasound studies
in which a small, contracted gallbladder is shown witl,
a thickened wall and gallstones (Fig. 6-41). Small
amounts of pericholecystic fluid may be seen, although
this is more common in acute cholecystitis. The diagno­
sis also can be suggested by biliary scintigraphy when
the gallbladder is seen to lUI in a delayed fashion either
spontaneously or with pharmacological assistance, such
as the administration of 2 mg of intravenous morphine
sulfate to induce spasm of the sphincter of Oddi.

Cystic Fibrosis
Gallbladder changes are seen in approximately one

third of patients with cystic fibrosis. A small, hypoplastic
gallbladder is common in tI,ese patients. In addition, the
bile is thicker than normal, and it is assumed that some
impairment of bile flow is present~ accounting for the
increased incidence of gallstones. 111ese changes are
unusual in infancy and are usually seen during the teen
years.
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Figure 6~41 CT through the inferior aspect of the liver shows a
small, contracted gallbladder containing several calcified stones
(arrow).

Hyperplastic Cholecystoses
The term hype/plastic cholecystoses refers to two

conditions that lead to thickening of the gallbladder wall
and, in advanced conditions, to diminished size or lack
of distensibility of tbe gallbladder (Fig. 6-42). The two
diseases are adenomyomatosis and cholesterolosis.
These conditions are discussed in further detail in a later
section. Both conditions limit the size and distensibility
of the gallbladder when they begin to involve the gall­
bladder diffusely.

Filling Defects

Artifacts and Spurious Filling Defects
A significant problem encountered with the OCG was

that of spurious lucencies projected over the gallbladder
and mimicking gallstones. These are usually air bubbles
in the adjacent hepatic flexure of the colon or the duo­
denal bulb. If multiple positional views are routinely
obtained, this is usually not a serious problem. Routine
compression views also diminish the potential of mis­
taking overlying air bubbles for gallstones. Occasionally,
a tiny, persistent filling defect in the neck of the gall­
bladder can be seen, representing a slight invagination of
the cystic duct into tbe neck of the gallbladder lumen.

Calcification in the anterior ribs, liver, right kidney,
lymph nodes in the right upper quadrant, pancreatic
head, and abdominal wall projecting ovet the gallbladder
occasionally can be mistaken for calcified stones.
Supine, upright, and compression views as a routine part
of the examination should deal with the problem. In
some instances, fluoroscopy may be required to sort out
some of these calcifications.

Gallstones
It is estimated that approximately 20 million individuals

in the United States have gallstones. Of these, an estimated

Figure 6-42 A small, poorly functioning gallbladder as seen
in cholesterolosis is seen.

500,000 annually undergo cholecystectomy. The esti­
mates of the prevalence of gaUbladder disease depend to
a large extent on the method by which information is

gathered and the type of imaging techniques used..
.Many of the epidemiological studies have produced inci­
dences based on interviews or questionnaires regarding:
a ltistory of gallbladder surgery or reported findings of
gallstones on previous imaging studies. The figures:
obtained are, at best, loose estimates of the prevalence
of the disease. Realistically, we probably do not kno..­
with certainty what the incidence is and probably ha\'C
underestimated it. \Ve do know, however, that most
removed gallstones (80%) are composed of cholesterol
whereas the remainder contain a variety of calcium salts
Approximately 15% of gallstones are sufficiently cald­
fied to be seen on plain ftIms of the abdomen (Fig. 643
this is increased with the use of CT (Fig. 6-44). Stone>
that are predominantly pigmented tend to Occur L:i

patients with hemolytic types of anemias, such as sickk
cell disease. Cholesterol stone fonnation is more COLl

mon in women than men, slightly more common E.
whites, and much more common in Native Arneri~

There is a relationship between obesity and the incidencr:
of gallstone formation, particularly in young WOIDa&.



Figure 6-43 This is a right upper quadrant, coned-down view of
supine abdomen in a patient with numerous faceted gaUsrones fill­
ing the entire gaUbl:ldder. Prominent renal calcifications can be
~en adjacent to this.

Other causative factors include chronic liver disease, the
use of certain types of antilipidemic agents, and hyperal­
imentation. In recent years, MRl has been used success­
fully to determine the composition based on the
differences in signal intensity of the component materi­
als that make lip a gallstone.

Most gallbladder stones are never diagnosed. Many
patients with stones are asymptomatic, whereas others

figure 6-44 G3llstoncs are seen on CT (arrows).
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Figure 6-45 A coned-down view of the right upper quadmnt
shows a subtle stellate lucency (arrows), representing gas within
a large, fissured gallstone (Mercedes-Benz sign).

have vague nonspecific symptoms. Only a fraction
of patients come to cholecystectomy. The heightened
attention to alternative therapies for the treatment of
cholelithiasis has brought about a renewed interest in
the compOSition and the pathophysiological processes
that lead to the formation of gallstones. Gallstone phar­
macological dissolution and biliary lithotripsy or combi­
nations of both therapies have been used in the
treatment of gallstones over the past 2 decades.

As previously mentioned, 15% of gallstones can be
diagnosed on the basis of plain tilms of the abdomen.
Plain film diagnosis of cholesterol stones with fissured
interiors containing g;:lS is a rare occurrence and a curious
phenomenon of gallstone formation (Fig. 6-45). When
present, this phenomenon is usually manifested by
cross-shaped or stellate thin lucencies in the light upper
quadrant; this has been referred to as the "Mercedes-Benz
sign" and is pathognomonic of gallstones (Fig. 6-46).

Figure 6-46 cr through the liver shows numerous gallstones,
calcified in their rim with internal fissures ami gas collections,
resulting in the Mercedes-Benz sign seen on plain film.
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Figure 6-47 Small gallstones and sludge throw a prominent
acoustic shadow on this ultrasonogram.

The principal method of imaging gallstones is ultra­
sonography (Fig. 6-47). The sensitivity for the detection
of stones is quite high. Although the OCG is used infre­
quently today, it has some advantages and some limita­
tions. The oeG requires some patient preparation and
the use of ionizing rJ.diation. It shows not only gallblad~

der morphology, but also gallbladder and liver function.
Ultrasonography does not show function, but is highly
sensitive in the detection of stones and can give addi­
tional information regarding the surrounding organs.

tittle or no patient preparation is necessary for ultra­
sound examination.

On the OCG, with opacification of the gallbladder,
ooncalcified stones show as filling defects of varying
number and size (Fig. 6-48). A single stone may be pres­
ent, or the gallbladder may be distended with numerous
stones. Stones may be sandlike, rounded, or faceted. On
ultrasound examination, the presence of acoustic shad­
owing in the dependent portion of the gallbladder is

typical of gallstones. The composition of the gallstone
does not seem to be a factor in the degree of acoustic
shadowing preseot. Occasionally, gallstones float, par­
ticularly pure cholesterol gallstones. The layering Out

process can be observed in ultrasound scans and aCGs.
A striking finding on the aCG occurs when multiple
small stones layer out and form a rddiolucent band
across the gallbladder lumen (Fig. 6-49).

New approaches to gallstone therapy have led to a
mild resurgence in use of the OCG. Methods for chemi­
cal stone dissolution and biliary lithotripsy have been
major topics for discussion in the medical literature and
in the lay media. Initially, oral bile salts were used in an
attempt to dissolve gallstones. Success was limited and
not always reproducible, and recurrence was common.
Newer, direct-dissolving agents "have been developed.
the most noteworthy of which is methyl tert-butyl ether
(MTBE). Dissolution of gallstones using MTBE requires
the direct application of the chemical to the gallstones.

Figure 6-48 Gallstones. OCG shows good opacification of the gallbladder that has at least two
rounded mobile lucencies within it.



Figure 6-49 OCG in a patient in the upright position 5ho\\'5
numerous tiny cholesterol stones layering out, forming a linear
radiolucent band across the lumen of the gallbladder.

which requires a percutaneous transhepatic route or
endoscopic cannulation of the cystic duct. Infusion and
aspiration of MTBE follow, resulting in complete disso­
rution of the stones in 30% to 60% of patients. Stone
recurrence is a problem after MTBE treatment, more so
in patients with multiple stones.

Length of hospital stay is often greater for MTBE treat­
ment than for laparoscopic cholecystectomy, particu­
larly if the tra.nshepatic percu~aneous route is used.
:\. few patients (5% to 10%) experience complications
related to transhepatic ptUlCWre or cystic duct perforation.

The first extracorporeal shock-wave lithotripsy
WL) treatments were undertaken in the mid-1980s

mer success in renal stone therapy. The goal of ESWL is
[0 shock gallstones into tiny fragments that can pass
rhrough the biliary system into the gut or be dissolved
more easily by MTBE. Focused shock waves, generated
~. either electromagnetic or piezo-ceramic techniques,
ue used to produce a high-pressure shock effect over an
.zrea of several centimeters. The tissue damage to the
~bladderand adjacent organs is minimal and, with the
exception of an occasional case of mild pancreatitis,
5ieems to be of little consequence. The amount of frag-

ntation seems to depend on the number, size, and

Biliary Sys(em and Gallbladder 249

compOSition of the stones. Best results are obtained in
patients with a few small, noncalcified stones. The recur­
rence rate of gallstones after complete clearance is sig­
nificant, ranging from 10% to 15%. Combining ESWL
with powerful dissolving agents such as MTBE seems to
produce a slightly higher rate of success. The unresolved
question is the relative cost of different therapies with
the advent of laparoscopic surgery. In general, the
enthusiasm for ESWL seen during the 19805 has waned
significantly. In symptomatic patients for whom surgery
is contraindicated, however, ESWL represents an
encouraging alternative.

Nonadenomatous Polyps
The most common cause of polypoid (nonmobile) fill­

ing defects within the gallbladder is cholesterol polyps
(Fig. 6-50). These polyps arise from a condition of the
gallbladder known as cholesteroiosis, in which deposits
of cholesterol and cholesterol precursors are found

Figure 6-50 OCG in a patient wi(h a single, non mobile filling
defect within (he gallbladder (arrow), which was found to repre­
sent a solitary cholesterol polyp.
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within the gallbladder wall. TIle typical OCG and ultra­
sound findings are similar to those of a gallstone, with
the exceptions that the lesion is fIxed on the gallbladder
wall, and there is no acoustic shadowing on ultrasound.
The morphological changes can be either a focal buildup
forming a discrete cholesterol polyp or diffuse surface
deposition over the gallbladder mucosa, giving rise to an
unusual surface texture and pattern, sometimes referred
to as "strawberry gallbladder."

Cholesterolosis and its manifestations are part of a
larger group of conditions often referred to as the hyper­
plastic cholecystoses, fIrst described by Jutras in J960.
Under the same heading, he also included adeno­
myomatosis and several rare and unusual conditions.
The validity and significance of the latter conditions have
been questioned, and for the most part cholesterolosis
,md adenomyomatosis are considered the only two
important conditions under the hyperplastic cholecys­
toses classification. Jutras used the term hyperplastic
cholecystoses to describe a group of gallbladder dis­
orders that had common functional abnormalities, such
as hyperconcentration, hyperexcretion, and hypercon­
tractibility. Adenomyomatosis is discussed in morc detail
in subsequent sections.

Other nonadenomatous polypoid lesions of the gall­
bladder are rare and include Hpomas, leiornyomas, fibro­
mas, hemangiomas, and neurofibromas. Carcinoid tumors
of the gallbladder have been reported. Rarely, granular
cell myoblastomas (also a rare finding in the esophagus)
also have been described io the gallbladder. Papillomas
of the gallbladder and of the biliary tree have been
reported and produce multiple fIlling defects (Fig. 6-51).
In addition to the aforementioned conditions, an
unusual but troublesome fIlling defect in the gallbladder
is seen rarely as a result of a gallstone adherent to the
gallbladder mucosa.

Adenomatous Polyps
True epithelial adenolTh1.s are tIDCOmmon. "When present,

they can occur as either sessile or pedunculated filling
defects. They can occur io any portion of the gallbladder,
and multiplicity is a frequent ftnding. The pOSSibility that
gallbladder adenomas represent a definite precursor to
carcinoma, such as in the colon, lacks convincing scien­
tific support. The presence of carcinoma in situ in some
reported cases of gallbladder adenomas makes it a real
possibility, however.

Carcinoma
An estimated 6000 individuals in the United States

each year die as a result of gallbladder carcinoma. The
incidence is higher in women and Native Atnericans and
Hispanics. GaUbladder carcinoma has a 5-year survival
rate between 2% and 4%. If the patient is ~l'mptomatic, the
prognosis is always grave. Patients who are asymptomatic

Figure 6-51 Multiple filling defects are seen within the gail-­
bladder resulting from papillomatosis.

and whose lesions are discovered fortuitously have a
higher 5-year survival rate. The cause of gall­
bladder cancer is poorly understood. It must include the
pOSSibility of malignant degeneration of gallbladder
adenomas. The development of gallbladder cancer in
patients with calcified gallbladder walls (porcelaio gall­
bladders) is thought to be extremely high, ranging from
20% to 30%.

The relationship between gallstones and the develop­
ment of gallbladder cancer is controversial. Similar to
gallstone disease, gallbladder cancer is more common
among women, and 80% of patients with gallbladder
cancer have gallstones (Fig. 6-52). The size of the stones
also has been suggested as a factor because patients with
larger stones have an increased association with gallblad­
der cancer. The most common presentation of this cancer
is a large mass in or around the gallbladder. nlis mass is
easily shown with CT (Fig. 6-53) or ultrdSonography. The
effect of the tumor as it involves adjacent bowel, such as
the duodenum or the hepatic flexure of the colon, can
be seen with barium studies. The presence of calcium
within the gallbladder wall, in cases of porcelain gall­
bladder, is nicely shown on CT. Intraluminal masses aris­
ing from the wall also may be seen on ultrasound
examination of the gallbladder (Fig. 6-54). The cortea
diagnosis, particularly in advanced disease, is often diffi­
cult to make because of the marked contiguous spread



Figure 6-52 Computed tomographic section through the
region of the gallbladder in a patient with carcinoma of the gaLl­
bladder shows perforation of the gallbladder with pericho!ecystic
fluid and gallstones (mmw) seen outside the commes of the gall­
bladder.

of disease to the adjacent structures such that the actual
site of origin cannot be determined.

Metastatic Disease
Metastatic disease is .m uncommon cause of filling

defects within the gallbladder. The most common
metastatic lesion is melanoma. The known predisposi­
tion of melanoma to metastasize to the gastrointestinal
tract is also known to include the gallbladder in approx­
imately 15% of cases with gastrointestinal metastatic dis­
ease (Fig. 6-55). These metastatic lesions may be solitary

Figure 6-53 CT shows a soft tissue mass in the wan of the gall­
bladder in this patient with gallbladder carcinoma.
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Figure 6-54 Ulcrasonographic scan of a patient with porcelain
gallbladder shows marked acoustic shadowing. TIlere was also a
mass associated with the gallbladder, which was found to be gall­
bladder carcinoma.

Figure 6-55 OCG in a patient with known malignant melanoma
shows multiple, irregular nonmobile filling defects that proved to

be metastatic lesions to the gallbladder.
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or multiple. They are usually identified on ultrasound scan
or the OCG as irregular polypoid lesions. In most cases,
there is accompanying metastatic disease in the liver.

Thickened Wall

Thickening of thc gallbladder wall is an imaging
abnormality that can be identified by either ultrasonog­
raphy or CT. It may represent either an actual or
an apparent thickening and is related to the underlying
condition. The actual thickness of the gallbladder waH is
a nonspecific finding, and it is difficult to relate a specific
measurement of the wall to the underlying disease entity
(Box 6-8).

Cholecystitis
Thickening of the gallbladder wall can be identified in

either acute or chronic cholecystitis. The cholecystitis
can be related to inflammation of the gallbladder wall
with infiltration by inflammatory cells and edema.
Adjacent edema or fluid can accentuate the appearance
of the wall thickening. The presence of stones with gall­
bladder wall thickening and enhanced on contrast CT is
pathognomonic of cholecystitis. The condition becomes
more difficult to diagnose without the presence of gall­
stones (Fig. 6-56).

Cholecystitis in the absence of gallstones is thought to
occur in approximately 5% of cases, although the inci­
dence seems to be higher in children. The signs and
symptoms are identical to acute cholecystitis caused by
gallstones. The lack of stones tends to make the diagno­
sis difficult, however, because the demonstration of the
gallstones on imaging is often the central diagnostic fea­
ture. TIle difficulty in correctly diagnosing acalculous
cholecystitis is not limited to anyone imaging method.
There may be faint or no opacification on the OCG.
Ultrasonography also has proved to have less than an
ideal sensitivity in detecting this condition, with a
reported range of 60% to 70%. The diagnostic criterion
in the absence of gallstones is often the thickness of the
gallbladder wall, which has proved to be more nonspe­
cific than previously realized (Box 6-9). The cause of
acalculous cholecystitis is unclear. It has been suggested

Box 6-8 Gallbladder Wall Thickening
Identifiable by
Ultrasonography or CT

Cholecystitis (acute or chronic)
Hyperplastic cholecystoses
Ascites
Edema (congestive heart failure, chronic renal

failure, liver failure)
Carcinoma

Figure 6-56 cr at the level of the gallbladder shows marked
thickening of the wall with some enhancement (arrows) in a
patient with acute cholecystitis.

that patients in the recovery phase frolll previous
trauma, surgery, or severe systemic diseases may be
more susceptible to acalculous cholecystitis. It has been
suggested that radionuclide imaging may be more useful in
the diagnosis of acalculous cholecystitis because the diag­
nosis does not hinge on the presence of stones (Box 6-10);
however, this has not proved to be the case, and the diag­
nostic sensitivity is similar to that of ultrasonography.

Acute acalculous cholecystitis is considered a more
dangerous process than acute calculous cholecystitis with
respect to morbidity and mortality (Fig. 6-57). This most
likely relates to difficulties in malting an early diagnosis.

Adenomyomatosis and Cholesterolosis
Adenomyomatosis and cholesterolosis are hyperplas­

tic cholecystoses that can result in some thickening of
the gallbladder wall. Adenomyomatosis is the most inter­
esting part of Jutras' classification of hyperplastic chole­
cystoses. It occurs as a result of poorly understood
hyperplastiC changes involving the mucosa and muscu­
lar wall of the gallbladder and the formation of it1tra~

mural sinuses, known as the Rokitansky-Aschoff sinuses,

Box 6-9 Sonographic Findings of .
Acute Cholecystitis

Cholelithiasis
Gallbladder wall thickening
Pain over gallbladder (Murphy's sign)
Intramural sonolucency
Pericholccystic fluid/abscess
Gas in lumen



Box 6-10 Causes of False-Positive Biliary
Scintigraphy for
Acute Cholecystitis

Prolonged fasting
Failure to obtain delayed views
Chronic cholecystitis
Pancreatitis
Systemic illnesses
Gallbladder neoplasm

which are characteristic of this disease. Involvement of
Ihe gallbladder may be diffuse or segmental. There
seems to be an increased association with gallstones.
The focal fundal type of adenomyomatosis shows char·
acteristic changes involving the gallbladder fundus with
round, smooth polypoid filling defects frequently
accompanied by ftlling of Rokitans!"-y-Aschoff sinuses
wilh contrast material (Fig. 6-58). Involvement of the
gallbladder also may be segmental, with a well-defined
narrowed waist wilhin the body of the gallbladder in
which marked wall thickening, including sinus forma­
tion, may be shown (Fig. 6-59). Diffuse involvement is
also well known, with narrowing and irregularity of the
gallbladder lumen, possible focal ftlling defects, and filling
of multiple, intr'dlllural sinuses.

TI,e diagnosis of segmental or diffuse adenomyomatosis
is relatively easy using the OCG or ultrasonography.
Focal adenomyomatosis is more difficult to diagnose and
can be missed; this is supported by Ihe pathological
examination of gallbladders in which focal changes are
seen more frequently than shown on imaging studies.

Figure 6-57 cr shows a thickened gallbladder waH in a patient
with perforated gallbladder (a'rrow). Note air bubbles within the
gallbladder.
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Figure 6-58 OCG in a patient widl adenomyomatosis shows
filling of prominent intramur.d sinuses (armwheads) at the tip of
the gallbladder fundus.

Ultrasound scan shows gallbladder wall thickening
and occasionally may show sinus formation. Segmental
involvement of the gallbladder is easily shown on ultra­
sound scan. OCG findings in this condition generally
include good function and opacification of the gallblad­
der. There may be filling of the intramural sinuses with
contrast material. Often this filling is incomplete, and
the addition of a farry meal or the use of cholecystokinin
enhances the demonstration of the Rokitanslcy-Aschoff
sinuses (Fig. (60).

Adenomyomatosis represents a benign proliferation
of nannal tissues and cannot be considered a neoplastic
process. There is no evidence that it is premalignant.
Many patients are asymptomatiC. Treatment of sympto­
matic patients is controversial. There is evidence to sug­
gest, however, that symptomatic patients who receive
cholecystectomy frequently experience abatement of
symptoms.

ChoJesterolosis has been described in the previous
section. In this condition, cholesterol deposits form in
Ihe wall of Ihe gallbladder. Often they manifest as small
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Figure 6-59 OCG in a patient with segmental adcnomyomatosis
of the gallbladder shows focal narrowing (arrows) of the body of
the gallbladder.

Figure 6-60 After ingestion of a fatty meal, the intramural
sinuses of Rokltansky-Aschoff, faintly seen in Figure 6-59, are well
shown (arrows).

polyps and are seen as filJing defects. Sometimes the dep­
osition is in a diffuse fashion, with an irregular thickened
gaUbladder mucosa developing, which can be seen with
cross-sectional imaging as a thickened wall.

Miscellaneous Causes
Occasionally, the presence of neoplastic infiltration of

the gallbladder wall causes the appearance of wall thick­
ening. This is not a common presentation; however.
When ascites or pericholecystic fluid is present, the gall­
bladder wall may have the appearance of thickening on
ultrasonography or CT. Sometimes this is just a spurious
finding. Any medical conditions that result in edema can
cause gallbladder wall thickening because edema devel­
ops in the wall of the gallbladder; this is apparent in
hypoalbuminemia or other causes of low protein, includ­
ing liver failure. Patients in chronic or acute renal failure
also may develop wall thickening, and it can also be seen
in congestive heart failure.

Calcifications

Stones
As previously mentioned, approximately 15% of gall·

stones contain sufficient calcium to be radiopaque on
plain fJ.1ms. CT, being more sensitive to smaller amounts
of calcium, yields a higher percentage. Radiopaque gall­
stones commonly have calcium in their outer rim.
Calcification can vary in its pattern, however. Some
stones have an irregular, mottled calcification, whereas
others have a laminated appeard.nce. Some stones ha\'e 3.

small, central calcified nidus around which radiolucent
cholesterol layers accumulate.

Porcelain Gallbladder
Porcelain gallbladder refers to a gallbladder that h3>

undergone chronic inflammation and subsequent calcifi­
cation in its wall (Figs. 6-61 and 6-62). The wall is usualh
thickened, and the gallbladder is often small and con­
tracted. The cystic duct is always obstnlcted. Tbt
relationship between porcelain gallbladder and gallblad­
der carcinoma is striking, with gallbladder carcinOII:l1
developing in 20% to 30% of patients with porcel:2ia
gallbladder. Conversely, most patients with gallblackk:="
carcinoma do not have antecedent porcelain gaUb~

def. A small, contracted calcified gallbladder, seen as
rounded, ringlike density in the right upper quadr3::ui..
can be easily mistaken for a large gallstone on a
film of the abdomen (Fig. 6-63).

Milk of Calcium Bile
Another manifestation of chronic cholecystiti­

obstruction of the cystic duct is the condition knoW!:
nlUk of calcium bile. This condition represents a
tion in which the bile contained within the obst~
gallbladder becomes radiopaque because of the
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Figure 6-59 aCG in a patient with segmental adenomyomatosis
of lhe gallblaoot':f shows focal narrowing (an'ows) of the body of
the gallbladder.

Figure 6-60 After ingestion of a fatly meal, the intramural
sinuses of Rokitansky-Aschoff, faintly seen in Figure 6-59, are well
shown (arrows).

polyps and are seen as filling defects. Sometimes the dep­
osition is in a diffuse fashion, with an irregular thickened
gallbladder mucosa developing, which can be seen with
cross-sectional imaging as a thickened wall.

Miscellaneous Causes
Occasionally, the presence of neoplastic infiltration of

the gallbladder wall causes the appearance of wall thick­
ening. This is not a common presentation, however.
When ascites or pericholecystic fluid is present, the gaU­
bladder wall 111ay have the appearance of thickening on
ultrasonography or CT. Sometimes this is just a spurious
finding. Any medical conditions that result in edema can
cause gallbladder wall thickening because edema devel­
ops in the wall of the gallbladder; this is apparent in
hypoalbuminemia or other causes of low protein, includ­
ing liver failure. Patients in chronic or acute renal failure
also may develop wall thickening, and it can also be seen
in congestive heart failure.

Calcifications

Stones
As previously mentioned, approximately 1;% of gaU­

stones contain sufficient calcium to be radiopaque on
plain films. CT, being more sensitive to smaller amounts
of calcium, yields a higher percentage. Radiopaque gall­
stones commonly have calcium in their outer rim.
Calcification can vary in its pattern, however. Some
stones have an irregular, mottled calcification, wherea­
others have a laminated appearance. Some stones have a
small, central calcified nidus around which radiolucent
cholesterol layers accumulate.

Porcelain Gallbladder
Porcelain gallbladder refers to a gallbladder that has

undergone chronic inflammation and subsequent calcifI­
cation in its wall (Figs. 6-61 and 6-62). The wall is usual1y
thickened, and the gallbladder is often small and con­
tracted. The cystiC duct is always obstructed. The
relationship between porcelain gallbladder and gallblad­
der carcinoma is striking, with gallbladder carcinolIl2
developing in 20% to 30% of patients with porcelam
gallbladder. Conversely, most patients with gallbladde!­
carcinoma do not have antecedent porcelain gallblau­
der. A small, contracted calcified gallbladder, seen as ..
rounded, ringlike denSity in the right upper quadra:nL
can be easily mistaken for a large gallstone on a p
film of the abdomen (Fig. 6-63).

Milk of Calcium Bile
Another manifestation of chronic cholecystitis :!!:i::­

obstruction of the cystic duct is the condition known·
milk of calcium bile. This condition represents a _­
tion in which the bile contained within the obs~
gallbladder becomes rAdiopaque because of the



Figure 6-61 Porcelain gallbladder with segmcmal calcification
throughout the waH is seen.

concentration of calcium carbonate and its resultant pre­
cipitation. Milk of calcium bile can be shown easily
by obtaining upright, supine, and decubiuIS views of
the gallbladder in which the fluid character of the radio­
pacity is visible (Fig. 6-64). Although the gallbladder is
commonly small and contracted, occasionally the
appearance can simulate a contrast-filled gallbladder seen
during CT or ERCP.

Miscellaneous Conditions

Emphysematous Cholecystitis
Emphysematous cholecystitis is a rare condition in

which bubbles and streaks of gas appear within the wall

Figure 6-62 cr of calcified gallbladder wall, representing
porcelain gallbladder.
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Figure 6-63 An oblong calcification in the right upper quadrant
initially was thought to represent a large calcified gallstone, but
proved to be a porcelain gallbladder.

and possibly the lumen of the gallbladder (Fig. 6-65).
There may be collections of gas in the pericholecystic
region as well. The cause of the gas is a'-most always
related to the presence of gas-forming organisms
involved in the infectious and inflammatory processes
occurring in or around the gallbladder. The condition is
seen most commonly in patients with diabetes mellitus

Figure 6-64 A patient with chronic cystic duct obStnlction and
milk of calcium bile. NOle the layering of the milk of calcium bile
in the fundus of the gallbladder on this upright view. Also setn is
the calcified stone (arrow) obstructing the gaUbladder neck and
cystic duct.
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F.igure 6·65 This patient has emphysematous cholecystitis;
aIr is seen within the gallbladder and the gallbladder wall
(arrows).

and, in contrast to most gallbladder inflammatory
processes, is more commonly seen in men (Box 6-11).

On plain films of the abdomen, the most important
diagnostic criterion is intramural gas in the gallbladder
wall. Occasionally, mottled collections of gas can be
seen around the gallbladder fossa. The radiological
findiog of gas confined to thc gallbladder lumen or the
biliary tree without intramural or pericholecystic gas
should lead one away from the diagnosis of infection and
toward considerdtion of benign causes of pneumobilia.
Those patients are seldom ill, in contrast to the severe
toxic state of patients with emphysematous cholecystitis.
Clinically, patients with emphysematous cholecystitis
present with sudden and rapidly progressive right upper
quadrant pain accompanied by fever and elevated white
blood cell counts. Treatment and diagnosis must be
prompt because the mortality rate is significantly higher
than that of the usual acute cholecystitis. The ongoing
inflammatory and infectious processes can lead quickly

Box 6-11 Characteristics of
Emphysematous Cholecystitis

Elderly patients, usually men
Diabetes in approximately half of cases
High incidence of perforation
Clostridium welchii a common organism

Box 6-12 Three Features of Gallstone
ileus

Air in biliary system
Bowel obstnJction, typically small bowel
Calcified gallstone visible in the bowel

to gangrenous changes within the gallbladder wall, per­
foration, and catastrophe. Treatment is prompt chole­
cystectomy.

Gallstone Deus
Gallstone ileus .(Box 6-12) is a misleading name of

a condition in which the most striking fmding is intestinal
obstruction. The obstnlCtion results from the erosion of
a gallstone (usually >2.5 cm) into the adjacent duode­
num, forming a cholecystoduodenal fistula. The stone
passes distally until it reaches the narrowest portion of
the small bowel in the distal ileum, where it becomes
lodged, resulting in intestinal obstruction. The condition
is much more common in women and generally seen in
older individuals.

If the stone is smaller, it may pass through the gut
without resulting in obstnlction. The patient may not be
left with a cholecystoduodenal fistula because many of
these seal off. Deformiry in the gallbladder and duode­
num may be seen, however, on UGI examinations and
CT. ApprOXimately 10% of cholecystoenteric fistulas arc
between the gallbladder and the adjacent hepatic flex­
ure of the colon. In this instance, most stones pass
through the colon without causing obstnlction. Rareh­
there may be erosion of a gallstone into the adjace~t
stomach, possibly leading to pyloric obstruction
(Bouveret's syndrome).

In more than half of the cases of patients presenting
with small bowel obstruction as a result of gallstone
ileus, air can be seen within the biliary tree. The absence
of air in the biliary tree does not exclude the diagnosis..
The presence of a calcified stone in the right lower quad­
rant may be helpful. Lacking this, diagnosis may be
extremely elUSive, which accounts for the higher -mor.
tality rate seen in this condition than is normallv associ­
ated with other causes of small bowel obstnlctlon. The
erosion of a gallstone into the colon is unlikely to lead t

obstnlCtion and may be the preferable site for fistulOl!S
communication. Residual cholecystocolonic fistula is JlIX

a happy proposition to contemplate, with gram-negativt
coliform organisms ascending the biliary sYSte:rr:L
Abdominal CT performed for evaluation of possible
stone ileus should be done without oral contrast mat ­
so as to increase the possibility of detecting the obstrul::r­
iog stone (Fig. 6-66).



Figure 6-66 CT of lower abdomen shows calcified gallstone
(arrow) that has become impacted in the distal ileum, causing the
so-called gallstone ileus.

Postcholecystectomy Syndrome
Although most patients with symptoms relating to gall­

stones are cured after cholecystectomy, approximately
5% to 40% have persistence of symptoms or recurrent
symptoms. TIlese patients fall within a confusi.ng cate·
gory known as the postcholecystectomy syndrome.

Residual common bile duct stones may account for
symptoms in a small percentage of patients. The routine
use of operative cholangiography during cholecystec­
romy has reduced significantly the incidence of residual
stones, however.

Additionally, intraoperative trauma and resultant
injury to either tlle ductal system or the sphincter of
Oddi may be implicated in a few patients. Ln most
instances, a clear anatomical cause for the symptoms is
not found. Nonbiliary causes, such as duodenal or gastriC
ulcer or pancreatitis, also should be considered as poten­
tial sources of the symptoms.

There is an increasing tendency to i.mplicate changes
in the papilla of Vater in postcholecystectomy syn­
drome. It is postulated that patients with underlying,
unrecognized papillitis or papillary stricture most likely
undergo cholecystectomy as a result of their symptoms.
Frequently, the pathological changes at the sphincter are
not anatomical, but physiological, and manometry of this
segment and a careful ERCP examination of the biliary
tree with delayed images to evaluate for biliary emptying
can be helpful. The common bile duct in symptomatic
postcholecystectomy patients tends to be mildly dilated.

VARIATIONS AND ANOMALIES

Phrygian Cap

Normal anatomical variations within the gallbladder,
representing either folding of the gallbladder on itself
or intraluminal septations, occur and should not be
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Figure 6-67 Bandlikc narrowing (m..,·ows) across the fundus of
the gallbladder is a phrygian cap defonnity and is of no clinical
significance.

confused with disease. A fold or septation near the gall­
bladder fundus is a relatively common fmding and rep­
resents the well-known "Phrygian cap" (Fig. 6-67),
referring to the hats worn by slaves in the ancient Greek
province of Phr)'gia in Asia Minor. TItis fmding is of no
clinical consequence.

The size and configuration of the gallbladder can vary
considerably from patient to patient. There also may be
a variation in the position of the gallbladder. In most
patients, the gallbladder is located in the subhepatiC
fossa. In a few particularly tall, slender individuals, the
gallbladder is vertically oriented with its fundus in the
lower abdomen. In such indiViduals, the gallbladder is
frequently on a long mesentery and may be found in
ectopiC locations (Fig. 6-68). In addition, herniations
into the lesser sac through the foramen of \Vinslow have
been reported. Conversely, a few individuals have the
gallbladder in an intrahepatic position (Fig. 6-69).
Patients with small left lobes of the liver frequently have
a malpositioned gallbladder (Fig. 6-70).

Ectopic Gallbladder

Rarel)', the gallbladder is congenitally absent. When
this occurs, there is a high incidence of common bile
duct stones. This congenital anomaly also is associated
with other malformations seen within the cardiovascular
system and the gastrointestinal system. Agenesis of the
gallbladder is difficult to distinguish radiologicall)' from
any condition in which the gallbladder fails to function
or in which there is obstruction of the cystiC duct.
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Figure 6-68 OCG shows relatively faint opacifi~ation of a
gallbladder that is located at the pelvic inlet (arrowheads).

Duplications and Septations

Duplication of the gallbladder and cystic duct has been
reported, but is extremely rare. Occasionally, an appar­
ent double gallbladder can be seen on the OCG when a

Figure 6-69 OCG shows good opacification in a patient ~rith an
intrahepatic gallbladder.

Figure 6-70 cr shows unusual position of gallbladder (arrow)
adjacent to and touching the right kidney (m-rowbead).

long, slender gallbladder is found to have turned on
itself, giving the appearance of two well-opacified gall­
bladders. Often these are just septations that may be
occurring within the gallbladder because of abnormali­
ties in recanalization of the lumen (Fig. 6-71).

Figure 6-71 Ultfasonographic scan shows twO distinct gallblad­
der lumens because of a duplication.



With a long, tortuous gallbladder that may be on a
mesentery, the potential for torsion of the gallbladder
increases. This is unusual, but is almost always associ­
ated with the aforementioned condition. Clinically, the
presentation is that of severe acute cholecystitis. The
potential for gangrenous changes and perforation is
greatly increased. Other uncommon causes of gallblad­
der deformity are pcricholecystic adhesions and adhe­
sive bands. These are thought to be congenital in nature
and probably of little clinical significance.

Anomalous Ductal Insertions

Of great clinical concern is the presence of anom­
alous position of some of the ducts because the potential
for injury during surgery or interventional procedures is
greatly increased. As noted previously, the bile ducts
form as a bud from the ventral pancreas and gradually
arborize as they branch into the liver. Unusual branching
patterns of the ducts commonly are seen. Sometimes the
major left or right branches are seen to insert quite low
into the extrahepatic ducts (Fig. 6-72). In these situa­
tions, the likelillOOd of injury dUring surgery is greatly
increased. Some ducts have been known to drain into
the gailbladder or cystic duct.

Figure 6-72 Aberrant right hepatic dUCl inserts into the side of
the cystic duct. It was narrowly missed at surgery and was evident
only during the cholangiogram.
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With a long, tortuous gallbladder that may be on a
mesentery, the potential for torsion of the gallbladder
increases. This is unusual, but is almost always associ­
ated with the aforementioned condition. Clinically, the
presentation is that of severe acute cholecystitis. The
potential for gangrenous changes and perforation is
greatly increased. Other uncommon causes of gallblad­
der deformity are pericholecystic adhesions and adhe­
sive bands. These are thought to be congenital in nature
and probably of little clinical significance.

Anomalous Ductal Insertions

Of great clinical concern is the presence of anom­
alous position of some of the ducts because the potential
for injury during surgery or interventionaI procedures is
greatly increased. As noted previously, the bile ducts
form as a bud from the ventral pancreas and gradually
arborize as they branch into the liver. Unusual branching
patterns of the ducts commonly are seen. Sometimes the
major left or right branches are seen to insert quite low
into the extrahepatic ducts (Fig. 6-72). In these situa­
tions, the likelihood of injury during surgery is greatly
increased. Some ducts have been known to drain into
the gallbladder or cystic duct.

Figure 6-72 Aberrant right hepatic duct inserts into the side of
the cystic duct. It was narrowly missed at surgery and was evident
only during the cholangiogram.
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The colon and rectum are two common sites for
disease in the gut, with a wide spectrum of disease
processes encountered on a daily basis in medical prac­
tice. The steady increase in the incidence and mortality
resulting from colorectal cancer (eRe) has focused the
medical and lay communities' attention on early detec­
tion and potentially effective screening strategies for this
disease. With the great impact of colonoscopy and the
refinement of air-contrast barium enemas (ACB£), there
has been some improvement in overall survival and
mortality rates in the past 4 decades. Until more recently,
there has been relatively little detailed analysis, however,
of the screening strategies put forth by various groups.
In recent years, morc careful scrutiny has shown most
screening strategies to be either not efficient or not cost­

effective. The addition of computed tomography (CD
colonoscopy is exciting, but as yet this modality has not
been shown to be at least as nearly accurate as conven·
tional colonoscopy and ACBE. More important, the cost­
effectiveness of the technique is an important issue at
this time of increasing heath care costs.

The question of efficiency and cost-effectiveness of
any technique or combination of techniques of various
screening strategies may be considered, to some extent,

to be not entirely answered at this time. The barilU11 enema,
whose demise was forecast by OUf clinical colleagues in
the late 1970s and early 1980s, still seems to be quite
useful and, although much less prevalent than in the
1980s, is still widely used. TI,e barium enema could be
a better and more cost-effective method of examining
the colon than preViously realized and, along with CT
colonoscopy, may playa role in future screening strategies.
Before we see that, however, many questions regarding
screening for eRe remain to be answered. \Vith cr
colonoscopy added to the choices, among the choices or
combination of choices for screening, what is the most
cost-effective method? Even more fundamental, does any
form of widespread screening for CRC siguificantly
reduce mortality in the population, such as has been
shown with mammography for breast cancer or the
Papanicolaou test for cervical cancer? At this point, accu­
mulating data suggest that this may be the case. The
U.S. Preventive Services Task Force recommended that
screening for CRC be performed for all persons older
than 50 years of age with annual fecal occult blood tests;
the American Cancer Society and the World Health
Organization recommend yearly fecal occult blood tests
and flexible sigmoidoscopy every 3 to 5 years. Although
the intent is commendable, screening that does not
examine the entire colon is a curious proposition, given
that at least 50% of lesions are proximal and detected
by the area of examination. The American CoUege of
Physicians, considering the evaluation of the entire colon
as a neceSSity for appropriate screening, has proposed
screening strategies to include flexible sigmoidoscopy,

colonoscopy, and ACBE at IO-year iutervals. Consider..ble
evidence is mounting in the literature regarding the role
of CT colonoscopy (virtual colonoscopy) iu the screening
process, however, and with the continued refinement
of this process and the apparent increased patient
acceptance of the cr colonoscopy, this examination is
expected to playa large role in colonic diagnosis and
screening in the future.

EXAMINATION TECHNIQUES

Computed Tomography Colonoscopy

With the arrival of 16, 64, and eventually 128 multi­
detector cr scanning, the world of colonic screening and
diagnosis will undoubtedly be greatly impacted. Patients
tend to report the cr colonoscopy examination to be
more acceptable than either the ACBE or conventional
colonoscopy. The actual imaging phase consists of a
few minutes or less. GeneraUy, no sedation is necessary,
and patients are free to drive and return to the workplace
almost immediately.

After carbon dioxide or air insufflation has taken
place, the patient is imaged in the supine prone position.
More recent reports in the literature suggest that CT
colonoscopy is effective at detecting cancerous lesions
and most polyps measuring greater than 6 mm. The
interpretative phase can be more time-consuming than
the ACBE, however. Image reconstnlction includes
three·dimensional intraluminal images and sagittal and
coronal reconstnlctions of the colon. Two-dimensional
cross-sectional axial images may number in the thousands.
If this technology is to become a routine, radiologists will
need to rethink the format of how they would interpret
these studies (Fig. 7-1).

Double-Contrast Barium Enema

Although the number of barium enemas has declined
Significantly since the 1990s, there seems to be a renewed
interest and increased use of the double-contrast barium
euema (DCBE). The DCBE study remains one of the main­
stays in the diagnostic evaluation of the colon. It is an
effective and rdatively inexpensive method for evaluation
of the entire colon. Good double-contrd.St technique aJs
is reliable for excellent evaluation of the rectllm. TIle
deteclion rate for CRe varies from study to study, but ~
probably about 94%. The abiliry to detect small poh1'"
«I cm) is less than with colonoscopy, whereas ACBE Ius
been shown to be the equal of colonoscopy in detec~
larger polyps (>1 cm). The risk of perforation is consider­
ably greater with colonoscopy (10 to 25 times) than \\
ACBE. The examination can be done quickly and requi=­
no sedation, no extended time off work, and no accorn.pa­
nying person to drive the patient home.
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A

B

c
Figure 7-1 A, cr colonoscopy with insufflated carbon dioxide in the colon. Transaxial and coronal
views are shown. B, Transaxial images with corresponding intraluminal image reconstmction show
a small sessile polyp (arrow). C, Newer software technology is able to lay the luminal view of the
colon in striplike, open patterns so that the mucosal surface may be more readily evaluated. Note
the small sessile polyp (arrow). (C courtesy of GE Healthcare Systems.)
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The three types of diagnostic contrast enemas used
today are the DCBE, the single-eontrast barium enema
(SeBE), and the water-soluble contrdst enema. It is beyond
tJle scope of this book to instruct in the teclulique
and mechanics of performing these examinations. It is
important, however, to discuss certain general principles
regarding how a radiologist decides which type of exam­
ination to use in a given clinical situatioo.

For all practical purposes, the DCBE is considered at
this time the standard radiological eX,LOlination of the
colon (Fig. 7-2). There are still good indications, how­
ever, for the SCBE and the water-soluble contrast enema.
The issue rests on preexamination diagnostic goals.
In patients with bleeding, mild to moderate degrees of
diarrhea, nonspecific abdominal pain, or a risk for polyp
or cancer development, the DCBE study should be used.
These patients require an efficient bowel preparation,
for which a variety of commerciaUy prepared products
are available. The polyethylene glycol electrolyte solution
for colonic lavage is becoming popular. It is the same
preparation commonly used for colonoscopy. Tllis type
of bowel preparation tends to leave the colon clean, but
with a wet ascending colon, which can be dealt with by
the administration of bisacodyl suppositories at appro­
priate intervals before the examination (Figs. 7-3 and 7-4).

Figure 7·2 A right decubims film from a DeBE. Decubitus fLlms
with compensation ftItration arc the most important overhead
views in this examination.

Figure 7-3 Air-contrJ.st examination in which residual fluid
makes coating of the ascending and transverse colon ineffectual.
Lesions can be missed easily under these circumstances. Rotating
the patient and washing the area with barium can result in addi­
tional coaling.

All bowel preparations should be used with some
knowledge of the patient'S current clinlcal status and
the diagnostic questions to be addressed_ In some
instances, particularly in inflammatory bowel disease
(IBD) or bowel obstruction, colonic bowel preparation
may require modification or, in some cases, be totally
omitted.

Double-contrast technique consists of administering
a high-density, low-viscosity barium into the colon
followed by air insufflation and the demonstr'J.tion of
the entire mucosal surface of the recmm and colon.

Figure 7-4 Same patient as shown in Figure 7-3. Because of the
wetness and poor coating of the right colon, the patient W~
rotaled, and additional barium was allowed to wash over the a.rt1.­

showing a rounded polyp on the superior margin of the hepaIlL
flexure (arrows).



In a well-prepared patient, this is a sensitive examina~

tion, detecting cancer in 94% of cases in sites when it is
commonly performed by a radiologist well trained in the
technique. The DCBE also is able to detect early mucosal
inflanunatory changes. The gUiding principle in the
performance of this procedure, similar to all radiological
procedures, is to achieve a high-quality examination that
results in maximum information about the state of the
patient's colon. It also should be a high priority of
the examining radiologist to attempt to achieve this goal
with certain well-folUlded patient concerns in mind.

The technologist who prepares the patient for
the examination explains the examination in detail and
does much to allay most of the patient's concerns.
Nevertheless, it is not advisable for the physician prac­
ticing radiology to meet the patient for the first time
while that patient is on the fluoroscopic table with a rectal
tube in place. Despite the acknowledgment that it is an
efficient exanlination for the detection of disease, the
barium enema over the decades has achieved a notorious
reputation among lay individuals as a well-devised form
of medical torture. The wise radiologist endeavors to use
every psychological and physical advantage in attempting,
to some extent, to debunk this reputation, while not
sacrificing the efficiency of the examination.

The psychological state of the patient is often crucial
to the successful completion of the study, and this is
particularly the case in more difficult examinations. It is
reasonable to greet the patient before the examination,
elicit a brief history, explain the examination, and address
whatever concerns the patient has regarding the study.
It is also important that the radiologist not lose sight of
patient anxiety, discomfort, and embarrassment that are
commonly associated with this procedure. All of these
issues can be addressed during the course of the exami­
nation. The number of fiJms, fluoroscopic time, and
overall radiation exposure should be kept to the mini­
mum necessary to achieve an efficient examination. The
radiologist should strive to ensure that the amount
of time the patient spends on .the fluoroscopic table is
as short as possible. Concerns with patient dignity and
modesty should be dealt with by ensuring the patient is
properly draped at all times. Many radiologists have per­
fected the procedure to the point that they are able in
many instances to remove the rectal tip relatively early
in the examination; this results in a significant decrease
in patient discomfort and an increased patient tolerance
for the remainder of the study. There are also excellent
diagnostic reasons for early removal of the rectal tip
because low rectal lesions can be missed if the tip or
balloon obscures the lesion (Figs. 7-5 to 7-7).

For similar reasons, some radiologists prefer the
tableside fluoroscopic examination to remote control
facilities. In some cases, the patient needs to be talked
through the difficult parts of the examination, and being
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Figure 7~5 DCBE overhead ftlm. A rectal carcinoma is obscured
by the barium pool and (he retained rectal tip and halloon. A subtle
edge of the mass is all that is visible (an'ows) on this study.

beside the patient with a hands-on directive approach
sometimes can make the difference between success and
failure. A spectral voice emanating from a loudspeaker
somewhere in the room while the table moves and
the overhead tower arcs above the patient does little to
allay the anxieties of many patients. Controversy and
disagreement exist on this issue while the number of
remote units in use continues to gro\". Nevertheless,
whether tableside or remote fluoroscopic technique
is used, the patient is the center of the radiological
practice, and it is reasonable to expect that radiologists
practice patient-centered, rather than machine-centered,
radiology. There is perhaps no other area in radiology in
which patient-centered technique can be practiced with
such gratifying results as fluoroscopy.

Single-Contrast Barium Enema

In most large medical centers, most barium enema
studies are DeBE. Some patients have well-defined rea­
sons for using the SCBE, however. Before the study, the
radioLogist should review the goals of the srudy carefully
to establish the technique to be undertaken. In patients
in whom colonic obstnlction must be excluded, a single­
contrast examination suffices to address the question.
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A B

Figure 7·6 Digital spot film from a 51-year-old man evaluated for Hemoccult-positive stool.
A small pedunculated polyp is seen in the ascending colon (A). On colonoscopy, a rectal carcinoma
is also discovered (B). Review of mms with image processing (C) shows the irregular margin of the
rcctallesion (solid Qnvw) mostly obscured by the rectal balloon (open Qnvw).

In many cases, these patients have undergone incomplete
bowel preparation or none at all.

In questionable cases of diveniculitis, some radiolo­
gists prefer the SCBE, believing that the radiological
fmdings of diverticulitis are bener shown with a single­
contrast study. TItis belief is based on the supposition
that thinner, less viscous barium flows more readily into
intramural or paraluminal tracts or abscesses than the
more dense and viscous double-eolltrast barium.

In instances in which patients are impaired and can­
not move or roll to the extent required for a succe
DCBE study, the SCBE should be seriously considered.
This is particularly the case in older, debilitated, severet-"
mentally retarded, or extremely ill patients. Although "
double-contrast examination has been shown to be mOR'
sensitive for the detection of inflammatory and polypoic.
processes, a bad double-contrast examination is ~"o~
than a bad smgle-contrast examination. This is a g



Figure 7-7 Inflated balloon in rectum obscures ccctal wall
lesion (m"mws).

nde of thumb to remember, and, given a choice in a
situation in which a very limited or poor DeBE is possible,
one should opt for the SCBE.

Water-Soluble Contrast Enema

There is an increasing but limited role for the water­
soluble contrast enema. This technique is used almost
entirely for the evaluation of a patient with suspected
perforation. Frequently, these patients have experienced
recent trauma, instrumentation, or surgery. The water·
soluble contrast enema also may be used in the evaluation
of a colon in which the potential for perforation mal' be
high. This includes patients with colonic dilatation and
particularly a cecum that may be acutely dilated to a
preperfo......t.tion state.

Additionally, a limited examination to rule out colonic
obstmction can be performed with water-soluble contrast
because many of these patients require cr of the abdomen
within the next few hours or days. Retained colonic
barium causes severe cr artifacts, making the examina­
tion useless and resulting in delays in the workup in such
patients.

Computed Tomography and Magnetic
Resonance Imaging

TIle role of routine cr of the abdomen and pelvis
continues to become more important in colonic diagnosis.
Many sites routinely use bowel contrast per rectum to
delineate the colon better during cr (Fig. 7-8). The ability
of CT to detect bowel wall thickening makes it more
sensitive in the detection of diverticulitis than the barium
enema. In addition, paralum.inal abscesses are readily
identified with cr. The ability to evaluate adjacent
stnlctures is an added dimension of the examination.
Although the occasional dramatic demonstration of a
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Figure 7·8 cr with barium administered by rectum.

colonic malignancy with cr is encountered (Fig. 7-9),
there is no direct role for routine cr in the priJnary eval­
uation of colonic polyps and masses. This situation is
likely to change, however, with the refinement of cr
colonoscopy. Three-dimensional intraluminal images are
generated using thin·section helical computed toma-.
graphic scans of the abdomen and pelvis after colonic
insufflation of air or carbon dioxide. TIlis examination
must be preceded by a thorough bowel pn::paration.
Types of limited bowel contrJ.st material that adhere to
stool and newer software that subtracts the tagged stool
from the image may address one of the most perplexing
problems in cr colonoscopy. Additionally, software per­
mitting volume rendering imaging techniques are now
used to achieve a progressive three-dimensional passage
through the colonic lumen, evaluating the mucosal
surface along the way. The introduction of multidetector
cr means evaluation ofcr colonoscopy using multiplanar
images has finally been refmed to the point that it is being
routinely used. These techniques are relatively early in

Figure 7-9 cr to look for metastatic disease in II 35-year-old
woman with breast cancer. Thickening of the sigmoid colon (white
arrows) is revealed, which proved to be primary cardnoma of the
colon. The other mass in the pelvis (black arrows) is the uterus.
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development with many technical difficulties to be over·
come. The early work is startling and dramatic, however,
holding exciting possibilities for the near future. In
particular, it may revolutionize the way radiologists view
CT images. The standard two-dimensional transaxial
view may be replaced as the primary method of viewing
the colon (and othet otgans) by three-<limensional
volume rendering, with the radiologist resorting to
two-dimensional images only if needed.

Although routine CT is able to show bowel wall thick­
ening to advantage, the evaluation of superficial inflam­
matory disease within the colon or adjacent small bowel
requires additional examinations, either colonoscopy or
barium studies. At this point, CT colonscopy can detect
bumps and masses in the colon, but cannot yet detect
inflammatory changes in the mucosa.

TIle role of magnetic resonance imaging (MRl) in
colorectal imaging is extremely limited at this time. MRl
is being increasingly used, however, in evaluating rectal
tumors for staging purposes. Although there is some
evidence to suggest that MRI may be slightly superior to
cr in evaluating the extent of tumor invasion of pelvic
structures, it apparently is less reliable in the detection
of abnormal nodes.

Ultrasonography

Except for abscess detection, conventional ultrasolUld
imaging has a relatively small role in the evaluation of
colonic abnormalities. Although some early success has
been reported using conventional ultrasonography to

examine water-fitled colons, its potential as a routine
method of colon evaluation is questionable. The use
of endoscopic sonography in the eva.luation of rectal
disease has increased, however, in most medical centers,
with clinical research indicating that it is as accurate as,
if not more accurate than, cr in the detection of disease,
evaluation of the extent of disease, and determination of
the absence or presence of affected regional lymph
nodes. Ultrasonography is a safe examination with no
significant complications reported to date.

SOliTARY FIIllNG DEFECT

TIle radiological problems of the colon and recttlm are
discussed as they relate to standard intraluminal contrast
examinations of the colon. Other imaging techniques are
included as part of the relevant discussion of the radio­
logical problem under consideration.

Filling deJect is a term historically rooted in the
development of the SeBE and suggests displacement of
barium by a space-occupying entity. For a focal area, a
thinner barium column is presented for the x·ray beam
to penetrate, resulting in less attenuation and producing

Box 7-1 Alone and Surrounded by
Barium: Solitary Filling Defects
of Colon

Cancer
Lipoma
Leiomyoma
Carcinoid
Unusual diverticula (more frequent than realized)
Lymphoma
Inverted appendiceal stump
Foreign body

a focal lucency. The term is used frequently when
describing polypoid lesions on double-contrast studies,
although technically these are usually not filling defects
in the strict definition.

The mdiological problem of an intraluminal filling
defect presents a wide variety of diagnostic possibilities
and can be divided into benign neoplastic, malignant
neoplastic, and a wide assortment of miscellaneous causes
(Box 7-1).1nI1ammatory causes ofa SOlitary filling defect
are rare.

Adenoma

Most adenomatous polyps are solitary. In the presence
of carcinoma, the incidence of multiple adenomatous
polyps increases. Approximately 25% of patients with
eRe have one or more adenomatous polyps elsewhere
in the large bowel. It also is suggested that the presence
of multiple hyperplastic polyps may be associated with
an increase in the number of adenomas. The chance for
multiplicity increases with age.

Adenomatous polyps histologically fall within the
classification of tubular (80%), tubulovillous (10%), and
villous adenoma (10%). Villous adenoma tends to have
the greatest malignant potential, whereas tubular ade­
noma has the least. Adenomatolls polyps are primarily
tubular adenomas and frequently are smooth surfaced or
lobulated. They may be sessile or pedunculated, having
a stalk of varying lengths (Figs. 7-10 and 7-11). The stalk
usually is composed of normal mucosal tissue and often
is associated with larger polyps. Progressive peristaltic
activity results in srretdling of the base of the polyp and
over a prolonged period, elongation into a well-defined
stalk. The villous adenoma has the rypical frondllke
papillary surface, often described by pathologists as being
"velvety." They are almost always sessile, and the amount
of lobulation may be considerably more than is seen with
the tubular adenoma. The superficial "carpet lesions" of
the colon are almost always villous adenomas or superficial
carcinomas (Fig. 7-12). These surface characteristics.



Figure 7·10 DCBE in a patient with severe diverticular disease
of the sigmoid colon. A polyp on a long stalk is present (arrow­
beads) but is obscured by the multiple diverticula.

so familiar to radiologists, hold true for polyps greater than
1 cm but are less reliable for smaller lesions. The classic
presentation of a villous adenoma is that of a patient
presenting with watery diarrhea as a result of fluid and
electrolyte loss from the large surface area of the lesion.
This classic clinical presentation is, as with many "classic

Figure 7·11 A sessile sigmoid polyp (arrow) is shown on DeBE.
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Figure 7-12 Focal nodularity (carpet lesion) of the rectum
(arrows) proved to be villous adenoma.

presentations," lIDcommon, but eventually is encountered
by most radiologists (Fig. 7-13).

The frequency of adenomatolls polyps in the general
population has been found to vary markedly from study
to study. Autopsy studies may provide the most consistent
data, placing the incidence of adenomas larger than 1 em

Figure 7·13 Large carpet lesion of the anterior n:ctum
(arrows) in a patient presenting with diarrhea and incontinence.
The lesion proved to be large villolls adenoma.
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between 10% and 15% of the population. The incidence
increases significantly with age.

Various studies have indicated that most adenomatous
polyps are found in the rectosigmoid region. It has been
estimated that 50% of adenomas occur in this area,
although in recent years some research has suggested
a so-called proximal migration of colonic polyps. This
migration may represent a combination of an increasingly
aging population and improvements such as colonoscopy
and DeBE in examining the colon.

It is now widely accepted that most CRCs result from
malignant tr.msfonnation of benign adenomatous polyps,
the adenoma-carcinoma sequence. Estimations of the
risk of malignant degeneration are imprecise; however,
the well-differentiated tubular adenomas have a smaller
risk than the more volatile villous adenomas. Only 0.01 %
of polyps less than 5 mm show dysplastic changes,
whereas frank malignancy is virtually unknown among
these "diminutive polyps." Malignant foci are seen in less
than I% of polyps measuring 5 to 10 mm. In polyps
greater than 2 cm, the incidence increases dramatically
to 30% to 40%. The time progression of adenoma to
carcinoma evolution is estimated at 10 to 20 years,
although startling exceptions are encountered from time
to time (Fig. 7-14).

Most adenomas are asymptomatic. The most common
presentation is rectal bleeding, either occult or overt.
Additionally, polyps can act as the lead point for
intussusception, although this is unusual in the colon.

The classic association of large villous adenomas with
loss of fluid and electrolytes (especially potassium) is
infrequently encountered.

The detection rate of polyps is higher with double­
contrast technique than with single-contrast technique.
A high-kilovoltage, full-column technique, using fluoro­
scopic manipulation and compression, may have an
equally high yield for polyps greater than 1 to 2 cm. Polyps
less than 1 cm are detected with less frequency in both
types of studies, although the ability to detect smaller
polyps seems to be significantly higher in double-contrast
studies than in single-contrast studies. As of yet, it is not
clear that CT colonoscopy is an improvement over ACBE
in the detection of small polyps (Figs. 7-15 and 7-16).

The radiographic appearance of polyps on full-eolumn,
single-contrast studies is often that of the traditional
filling defect. The appearance on double-contrast studies
is more complex because this technique provides the
ability literally to see through the colon, observing both
mucosal surfaces at the same time. As a result, the polyp
can be seen profiled, en face, or tangentially, resulting in
different well-known appearances, such as the "Mexican
hat" sign (Fig. 7-17) or the "bowler hat" sign. Evaluation
of the polyp should include size, the presence or absence
of a stalk or pedicle, description of the surface features,
and the presence or absence of ulceration. With respect
to size, at least an approximate 25% magnification
distortion should be figured into the final estimation of
the polyp size.

A B
Figure 7-14 A, Barium enema discloses a 1.5-em pedunculated polyp in the ascending colon
(arrow). B, DeBE obtained less than 2 years later in the: same patient reveals an annular carcinoma
at the site of the polyp seen on the earlier examination.



Figure 7-15 Barium shows filling defect caused by polyp in
sigmoid colon (arrows).

The polyp that often provides the most difficulty
in radiological diagnosis during DCBE is the polyp on
a long stalk (Fig. 7-18). Because it shifts position with the
various views, it may be misinterpreted as residual stool.
Occasionally, these polyps can be quite large, reminding
us that the interpretation of double-contrast studies by
necessity must include a meticulous evaluation of the
various lines and contours of the colon. TIlere is a dictum
in gastrointestinal radiology that double-contrast radiol­
ogy of the colon is an excellent examination, with the
only difficulties being lesions that are extremely tiny
or are extremely large. lbis dictum occasionally can
become an embarrassing reality.

Figure 7-16 Same patient as in Figure 7-15. cr shows polyp in
sigmoid (arrollJs).
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Figure 7-17 Sigmoid spot fIlm shows J. polyp (arrow) with a
central "ring shadow'" representing barium coating of the shon
stalk of the polyp. This configuration is sometimes known as the
Mexican hat sign.

Carcinoma

In 2001, 135,000 new cases of CRC were diagnosed.
Around 57,000 deaths were attributable to this disease in
2001. Cases of CRC are estimated to increase slightly
over the next decade. In ] 992. one estimate was that
between 150,000 and 160,000 new cases would be seen
by 1998. In fact, the rate has leveled off. Mortality rates
also have declined in recent years, after several decades
of relative stability. Even so, CRC still remains the most
common newly diagnosed malignancy after cancer of
the prostate, breast, and lung. The CRe rate among men
and women is about equal. Qnly lung cancer exceeds
CRe in terms of cancer deaths. For any given patient,
survival depends on how early the lesion is diagnosed.
Dukes' classification (first introduced in 1929 and modi­
fied many times over the years), on which the staging of
eRe is based, reflects the extent of tumor involvement
and the prognosis. Dukes' stage A represents lesions
confined to the mucosa and has an 85% 5-year survival
rate. Dukes' stage 81 represents lesions that have
extended to, but not through, the muscularis propria.
Stage 82 is representative of tumor penetrating the mus­
cularis propria but with no lymph node involvement.
These are associated with a 70% 5-year survival rate.
With Dukes' stage CI representing bowel wall involve­
ment and C2 penetrdtion of the bowel wall and both
with spread to regional lymph nodes, the survival rate
declines to 33%. Distant metastatic disease, Dukes' stage
D, has a 5% 5-year survival rate. It has been estimated
that 40% to 50% of patients have hepatic metastatic disease

at the time of diagnosis.
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A B

Figure 7-18 A 76-year-old man presented with blood in his stool. A polyp on a long stalk is seen
in the distal descending colon. A, On left-side-down decubitus view, the polyp lays out along the
lateral waU (arrows). B, On right-side-down decubihlS view, the polyp and stalk cross the lumen
near the medial wall (arrows). C, A digital spot view nicely shows the entire polyp (arrow).

In an attempt to define a universally more applicable
and orderly process across the world, the American
Joint Committee on Cancer introduced the tumor~node­

metastases (TNM) classification for colorectal malig­
nancies (Box 7-2). In the randomization of patients in
therapeutic trials, the TNM classification has largely
replaced Dukes' classification. This classification divides
the classification of tumor into five stages dependent 011

the extent of tumor (T), the status of regional lymph

node involvement (N), and the presence or absenex­
of distant metastatic disease (M). Individual cases are
assigned according to the extent of disease based 00.

TNM values and are grouped further into five stages, 0 {!

IV. The TNM classification is in common usage at i.n:sn­
tutional tumor boards or conferences all over the Unitec.
States and most of the world and is crucial in the unifo~
randomization of patients for various ongoing therapeUUi:
trials.



Box 7-2 American Joint Conunittee on
Cancer Tumor-Node-Metastases
Staging System

STAGE 0

Carcinoma in situ-TiS' NO, MO

STAGE I

Tumor invading submucosa-TI, NO, MO
Tumor invading muscularis propria-T2, NO, MO

STAGE IT

Tumor penetrates beyond muscularis propria into
subserosa but nO[ perironeum-1'3, NO, MO

Tumor penetrates into peritoneum or directly invades
other structures or organs-T4, NO, MO

SfAGEm

Any degree of bowel wall penetration with regional
lymph node spread

NI-one to three pericolic Or perirectal lymph nodes
involved

N2-four or more lymph nodes involved
N3-metastatic disease in any lymph node along

a vascular trunk
Any T, Nl or N2 or N3, MO

STAGE IV

l\ullor invasion of bowel wall with or without lymph
node involvement, but distant metastatic disease

Any T, any N, Ml

eRe continues to be mainly a disease of Western
industrialized nations. It is a disease of older individuals,
with the median patient age at diagnosis in the 60s. The
etiological and epidemiological data associated with this
disease are ponderous and cannot be addressed in detail.
The issues and controversies sUITolmding the possible
causes are becoming more openly discussed in the lay
media as the United States becomes more conscious
of nutrition and health and as notable individuals in
the public cye have had this illness. The controversy
surrounding suspected causes and associated risk factors
includes dietary intake, with particular emphasis on
increasing the ingestion of dietary fiber and decreasing
the ingestion of animal fats. Observations have been put
forth suggesting that intake of vitamin C, aspirin, or non­
sterOidal anti-inflammatory drugs on a regular basis may
confer some degree of protection. In 1997, there were
reports that vitamin E bestowed some protection from
the disease. Additionally, there has been further evidence
that vitamin D and dietary calcium may confer some
protection. These are i.nteresting possibilities, but
require considerable further investigation.
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There are some things about which clinicians are
more certain, and one is that most CRCs progress
through the adenoma-to-cancer route. A few may arise
de novo from dysplastic changes '\vithin the mucosal
surface, although this is believed to be uncommon
in patients without IBD. lBO, in particular, ulcerative
colitis, carries a higher risk for the development of CRC.
Certain familial polyposis syndromes carry an extremely
high, if not absolute certain, risk of cancer. CRC can nm
in families with sporadic manifestation, and in apprOXi­
mately 25% of new cases there is a family history of CRe.
It has been estimated that individuals who are first­
generation relatives of patients with CRC have a 10% to
15% increased risk above that of the gener.aI population.

Hereditary nonpolyposis CRC has been recognized in
recent years as a disease of autosomal dominant inheri·
tance in which colon cancers arise via the recognized
adenoma·to-cancer mechanism, but the marked colonic
polyposis of familial polyposis (hundreds or thousands
of polyps) does not occur. The definition of hereditary
nonpolyposis CRC has been standardized. Families must
have at least three relatives with CRC, one of whom
must be a first-degree relative of the other two. CRC muSt
involve at least two consecutive generations, and one case
must occur before age ;0. These families may be divided
further as being at risk for only CRC (Lynch syndrome I)

or other cancers (particularly of the female genital tract)
in addition to CRC (Lynch syndrome II). It is estimated
that hereditary nonpolyposis CRC may account for ;% to
6% of CRCs (Box 7-3).

The clinical presentation of CRC depends to a large
extent on the site of the lesion. During early stages of
growth, the patient may be asymptomatic or there may
be undetected occult bleeding (Fig. 7-19). The most
insidiolls lesions usually arise from the right side of the
colon; this occurs because the wider luminal diameter,
greater distensibility of the right colon, and more liquid
nature of the colonic content on the right side delay the
onset of obstructive symptoms and allow the lesion to
become larger and more invasive before the diagnosis is
finally made (Fig. 7-20). Patients with right-sided lesions
often present with frank bleeding or positive fecal occult
blood testing. They may experience crampy, nonspecific

Box 7-3 Risk Factors for CRC

Habitation in an industrialized region of the world
Diet
Familial polyposis
Family history of hereditary nonpolyposis eRe
Chronic ulcerative colitis
First-generation family member with eRe
Presence or history of colonic adenomatous polyps
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Figure 7-19 A 53-year-old patient presented with Hemoccult­
positive stool. ACBE shows superficial spreading carcinoma of the
cecum (arrows).

right-sided abdominal pain. The most common pre­
senting problem is iron deficiency anemia as a result of
chronic blood loss. Tumors on the left side, in the
descending and sigmoid colon, tend to manifest earlier
(Fig. 7-21); this is a result of the smaller luminal diameter
of the colon in this region and the firmer colonic content.
Changes in the luminal diameter, secondary to tumor
growth, most commonly result in obstruction (Figs. 7-22
and 7-23). A cornmon exception should be mentioned,
however, regarding left-sided lesions. Some tumors in
the sigmoid colon or descending colon that are slow

Figure 7-20 CT shows thickened irregular cecal wall with
pericolic stmnding caused by adenocarcinoma.

Figure 7-21 Thickened wall and narrowed lumen are a
common presentation of a right-sided malignant lesion (arrows).

Note the length of the stricture, which could be confused with
diverticulitis.

growing can attain signuicant size without resulting in
the expected obstnlction. Because of the indolent
nature of the lesion, its physical contours to some extem
can be molded by the fecal stream, assuming a form of
"flap valve" configuration. It is possible to find a distal
lesion with complete retrograde obstruction on barium
enema, with no physical or radiological evidence of ante­
grade obstruction (Fig. 7-24). Lesions in the rectum com­
monly present with bright red bleeding and changes in
bowel habits. Generally, lesions in the distal colon an:
detected earlier, and survival is better. Approximat~

50% of lesions are found distal to the mid-descending
colon. Rarely, colonic adenocarcinoma can perforat~_

and the patient may present with a pericolic absce.:ss:

Figure 7-22 An apple core lesion is seen in the d,,_="""'"
colon (arrows), causing narrowing, obstmction, and~
dilatation.



Figure 7·23 Coronal reconstnJction of the same patient as in
figure 7-22 shows the ObSITUcting lesion to advantage.

Also seen infrequently are lesions with ischemic changes
immediately proximal to the malignancy (Fig. 7-25).

Given the impact of CRC in terms of morbidity
and mortality I a complete examination of the colon is
required. Although flexible sigmoidoscopy can examine

Figure 7·24 A 68-year-old woman presented with gasrrointesti·
nal bleeding, but no evidence of bowel obSITUction. ACBE shows
obsITUcting lesion at junction of sigmoid colon and descending
colon. The retrogr::lde obstruction is complete. Note the radiologi­
cal evidence of complete hick of antegrade obstnJction.
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Figure 7·25 seBE in patient with carcinoma of the distal
transverse colon (solid arrows) and evidence of fold thickening
proximal to the lesion (open arrows), which proved to be
ischemic changes.

50 em, this still results in approximately half of the lesions
being undetected. Colonoscopy permits direct examina­
tion of the mucosal surface of the entire length of the
colon and is without doubt the most effective too] avail·
able for the complete and most efficient examination
of the colon. It can be of considerable value because it
permits removal of polyps and the retrieval of tissue
specimens for pathological diagnosis. The examination
is incomplete, however, in at least 10% of attempts
(Fig. 7-26). Colonoscopy is a relatively expensive lmder­
taking, and its use as a screening agent would be a
prohibitive burden on the strained health care resources
in the United States.

The DeBE is a relatively low<ost exanlination with
a relatively high rate of detection for CRCs (94%) and
an eX'tremely low rate of incomplete examinations. TIus
examination is considerably safer than instrumentation,
having one tenth to one hundredth the incidence of
bowel perfordtion associated with colonoscopy_

Problems associated with DCBE relate to bowel
preparation and coexistent diverticular disease. Both of
these factors can render the examination less sensitive.
The presence of extensive diverticular disease in the
sigmoid region results in such significant bowel distortion
that it may be impossible to identify a polypoid lesion.
Single-contrast compression views of this area would be
much more useful in detecting polypoid lesions in this
situation. Additionally, residual stool can be troublesome.
DOllble-eontrast examinations ought to include decubitus
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Figure 7-26 A 6S-year-old woman presented with Hemoccult­
positive stool. Colonoscopy is incomplete, and the right colon is
unexanuned. ACRE shows a lesion arising in (open arrows) and
around (solid arrow~"') the ileocecal valve.

views, which often can SOit out these problems. Other
areas of difficulty include the ileocecal region and the
wall of the ascending colon, where subtle or occult
lesions can hide (Fig. 7-27). Most missed CRCs on
double-contrast examination have been shown to be
errors of perception. The importance of meticulous and
careful analysis of double-contrast views of the colon
cannot be overstated. Interpretation of these studies is
an exercise in self-discipline and concentration.

Figure 7-27 A 70-year-old woman with a family history of
carcinoma of the colon. ACllE shows a focal area of marginal irreg­
ularity in the ascending colon (arrows). Biopsy showed it to be
supl:rficial spreading carcinoma.

Box 7-4 Radiological Presentations
ofCRC

COMMON

Annular lesions
Polypoid lesions

LESS COMMON

Infiltrative lesions with little mass effect
Superficial surface (carpet) lesions

The radiological findings of CRC can include numer­
ous configurations (Box 7-4), from round polypoid filling
defects to encircling, constricting lesions. TIley also can
be seen as raised, ulcerated masses or as irregular, villous­
appearing lesions (Fig. 7-28). More subtle lesions may
be manifested as distortions in the nonnal haustral pattern
or bowel wall contours (Figs. 7-29 to 7-31).

Frequently, CT of the abdomen reveals a soft tissue
mass adjacent to or within the cololtic lumen (Fig. 7-32).
One should take care not to misinterpret a prolapsed
ileocecal valve or stool as a cecal mass (Figs. 7-33 and
7-34). There may be evidence of extension of the tumor
beyond the wall or involvement of adjacent organs, such
as lymph nodes or the liver. Ultrasonogrdphy may show
a large hypoechoic mass with some central echoes rep­
resenting thickened bowel wall and the central lumen.
This rmding is nonspecific and can be seen in other con~
ditions, such as lymphoma, Crohn's disease, or intussus­
ception. Transrectal endosonography has been shown to
be a potentially useful technique in the evaluation of the
spread of rectal carcinoma into the perirectal soft tissues.

Figure 7-28 Spot film from DCBE reveals a focal area of raLc;a1
irregular mucosa with radiation toward a small, central mound
(arrow). Biopsy specimen showed villous adenoma with rnahg-­
nant degeneration.



Figure 7-29 A polypoid lesion of the rectum (an·ows) seen
clearly only on the left decubitus film.

Early reports suggest that it is more accurate than
conventional CT in evaluating the extent of invasion.

Metastatic spread of CRC can be seen in a variety
of presentations. large bulky masses may be seen in
the mesentery or retroperitonenm (Fig. 7-35). Widespread
disease can occur throughout the liver (Fig. 7-36).
Metastatic lesions may be seen in the adrenals (Fig. 7-37).
Bony metastases are common in CRC (Fig. 7-38).

Figure 7-30 A 58-year-old man presented with Hemoccult­
positive stool. A subtle polypoid carcinoma is seen in the sigmoid
as an abnormal margin (arrows).
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Figure 7-31 Colonic carcinoma of the splenic flexure is seen as
bowel thickening and irregularity on CT (arrows).

Figure 7-32 CT of the pelvis in an anemic patient reveals a
mass within the cecum with extension beyond the cecal wall
posterioriy. There is no evidence of obstruction, and the lesion
proved to be an adenocarcinoma.

Figure 7-33 cr in a patient with vague abdominal complaints.
A cecal mass was diagnosed (circles), and a barium enema exami­
nation was performed for further evaluation (see Fig. 7-34).
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Figure 7-34 DCBE obtained in a patient with diagnosis of a
cecal mass (see Fig. 7-33) on cr shows a normal cecum. Reflux
into the terminal ileum shows some focal dilatation without
evidence of obstmction or disease (arrow). This fluid-filled tenni­
nal ileum, partially prolapsed through the ileocl:cal valve, accounts
for the cr findings.

It is not unusual to encounter a relatively small, appar­
ently contained lesion on the ACBE only to fmd wide­
spread distribution on CT (Fig. 7-39). Otber common
sites of metastasis include llmgs and brain. Intraperitoneal
spread of colorectal lesions often is accompanied
by malignant ascites (Fig. 7-40).

Figure 7-35 Metastatic CRC is seen as large mesenteric and
retroperitoneal masses (arrows).

Figure 7-36 Widespread involvement of the liverwi[h metastatic
colon carcinoma is seen.

Rectal malignancies can manifest as large, bulky lesions
or as intramural infiltrative lesions or both (Fig. 7-41).
An llnllsuallesion under the category of rectal carcinomas
is the cloacogenic carcinoma (Fig. 7-42). This is a rare
tumor seen at the anorectal junction and arising from
remnants of the cloacal membrane. The lesion is aggres­
sive, and in more tban half of the patients lymphatic
spread will have occurred at the time of diagnosis. The
tumor varies in its radiological presentation. It is seen
most commonly on the anterior rectal wall and has all the
appearances of a typical bulky rectal adenocarcinoma_
Additionally, well-defined submucosal masses or mucosal
plaques may be seen.

Figure 7-37 Small colorectal metastases are seen in both ad..~
glands (arrow!l").



Figure 7·38 A bone scan of a patient with colon carcinoma
shows extensive involvement of the bony structures in the
upper body.
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Synchronolls CRC lesions (two or more lesions
discovered at the same time) are uncommon, occurring
in only 1%to 2% of cases (Fig. 7-43). Metachronous lesions
(a second lesion discovered subsequently and unrelated
to the previous lesion) can occur in approximately
5% of patients.

Lipoma

Lipomas of the colon are uncommon, but represent
the next most common benign tumor of the large bowel
after adenomas. These lesions are not included in the
spectrum of mesenchymal tumors now called "stromal
cell rumors" of the gastrointestinal tract. They are mostly
solitary lesions and can occur anywhere within the
colon, although the right side seems to be the most
frequent site.

The lesion is usually asymptomatic, but erosions or
ulcers on the mucosal surface overlying the lipoma can
result in bleeding. The lipoma generally is 1 to 3 em in
size and rarely exceeds 4 em. It shows the typical
radiological findings of a submucosal lesion with a
smooth surface and a right or obtuse angle fonned with
the adjacent mucosal surface. Occasionally, there can be
some pedunculation of the lipoma. Because of the
softness of the tumor, these lesions, particularly the
larger ones, can change shape with compression, and
this can be a helpful method of differentiating them from
other neoplasms. The old diagnostic trick of performing
a water enema to show the lipoma (which is less than
water density) is virtually useless. CT of a sufficiently
large lesion (>2 cm) can show the lipoma defmitively as
a fatty tumor. Lipomatous infiltration of the ileocecal
valve is not considered a neoplastic process.

A B

Figure 7-39 A, ACBE shows marked nodularit)' and irregularity in the sigmoid colon. There
is no obstruction or unusually large masses. This was seen to be adenocarcinoma on biopsy.
B, cr through the pelvis in the same patient shows widespread invasion of adjacent stmctures,
lymph nodes, and mesentery.
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Figure 7-40 Intraperitoneal spread of colorectallesion (black
arrows) is accompanied by ascites (wbite ClTrOWS) and nodules
(arrowhead).

Stromal Cell Tumor (Leiomyoma)

Although common in the more proximal gastroin­
testinal tract, stromal cell tumors, which are benign
mesenchymal (spindle or epitheloid) tumors, are relatively
uncommon in the colon; they constitute less than 5% of
these lesions seen in the gut (Fig. 7-44). In rhe anorectal

Figure 7-41 A large, primarily infIltrating lesion involving the
rectum (arrows). Note the widening of the presacral space
(arrowbeads).

area, they are extremely rare. Stromal cell tumors usually
manifest as a submucosal colonic mass with the usual
radiological rmdings (Fig. 7-45). They also may manIfest
as an exophytic lesion. Patients are mostly asymptomatic.
Bleeding from ulceration on the stretched mucosal
surface over the stromal cell tumor may result in the
patient presenting with rectal bleeding or anentia.
Rarely, the stromal cell tumor may act as a lead point for
ao intussusception. Intussusception in adults should be
viewed with some alarm, however, because most of
these are the result of malignant lesions.

Another rare mesenchymal tumor that has been
described in the colon is the hemangioma. These tumors
are often located distally in the colon and are almOSt
always multiple. Calcified phleboliths are occasionally
seen on plain fllms. These patients most commonly
present with bleeding.

Carcinoid Tumor

Approximately 85% to 90% of all carcinoid rumors
of the gastrointestinal trJ.ct occur in the appendix and
are benign. Although previously thought to be tumors
arising from the neural crest, there is now evidence to
suggest the origin of carcinoid tumors may be primary
differentiation from within the intestine itself. Being
neuroendocrine lesions, they may be seen in multiple
endocrine neoplasia type I. Approximately 10% of
patients with multiple endocrine neoplasia type 1 have 3

carcinoid tumor. Carcinoids also have been linked
loosely to the APUD grouping of tumors (tumor of amine
precursor uptake and decarboxylation). The ileum is the
next most common site. Colorectal carcinoids compose
about 20% of all carcinoids, with the more common sites
being the recrum and, to a lesser degree, the cecum
and ascending colon. The incidence of rectal carcinoids
has been increasing over the past few decades. Tbc
tumors are often quite small, measuring 1 cm on average.
They also may be of considerable size, however, pa.rticD­
lady in the right side of the colon. Smaller lesions
have a typical mucosal polypoid appearance on bari~

enema. Larger lesions may be indistinguishable from
adenocarcinoma. Overall, survival seems to be greiGJ:!'"
with the rectal lesions. In general, survivd.1 with IIDf:E-­
nant carcinoids is related to the size of the tumor at !ir
time of diagnosis.

Imaging diagnosis in the colon can be difficulL
the inclusion of a suggestive history by ref;
physicians (as would be expected in any physiC2.i
imaging examination of the body) and the knowl em:e c""
elevated 5-hydroxyindoleacctic acid signifi
improves diagnostic accuracy. Multidector cr. .~

positron emission tomography, and nuclear m~
all have a role to play in the diagnostic work...up of
patients.
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A B

c
Figure 7-42 A 71-year-old woman presents with low rectal mass with extension into the vagina.
~ ACBE shows anterior wall nodular rectal mass (arrows). B, cr shows recta] mass with anterior
extension (black arr-ows). A rectal lumen also is shown (open m-row). C, Retroflexed sigmoido­
scope view shows nodular mass (a,.,-ows) on low anterior rectal wall. Biopsy and resection
confmned a cloacogeruc carcinoma. ll1e anterior (bl.ack arrows) and posterior (open arrow)
margins are shown.

Lymphoma

Lymphoma is a relatively uncommon tumor of
the colon and probably represents less than 1% of
all malignant neoplasms of the large bowel. The most
commonly involved area tends to be the right side of the
colon, particularly tlle cecum. TIle clinical presentation
includes weight loss, weakness, diarrhea, and bleeding.

A palpable mass may be discovered if the lesion is
sufficiently large. Obstnlction is unusual.

The most common radiological presentation is a
large, bulk")' lesion identical in appearance to an adeno­
carcinoma. Less commonly, it may present as a diffuse
nodular or polypoid process. An occasional case of
Burkitt's lymphoma of the colon is seen in the small
bowel and right colon of children and young adults in
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Figure 7-43 A single slice on CT shows synchronous lesions in
the transverse colon (arrows) and the descending colon (arrow­
beads).

North America. This disease is histologically identical to
that described by Burkitt in Uganda during the 1950s
that almost exclusively involved children, with the
primary site being the mandible. In some parts of Africa,
Burkitt's lymphoma is the most common malignant
neoplasm of childhood. The iesion has been linked to

Epstein-Barr virus. The North American variety of
Burkitt's lymphoma more commonly occurs intra­
abdominally. 'When colonic involvement is present, it
is usually in the ascending region (Fig. 7-46).

Figure 7-44 A large leiomyoma is seen arising from the medial
wall of the ascending colon. The lesion is largely exophytic
in nature.

Figure 7-45 A 54-year-old man presents with a rectal mass. CT
shows a mass in the posterior rectal wall (solid an-ows) with some
amerior displacement of the rectal lumen (open an-ow). Surgical
resection revealed a stromal cell tumor.

Colonic Duplication

Colonic duplication is thought to result from
intrauterine vascular insults. Duplications can occur
virtually anywhere, from cecum to rectum. The duplica­
tion mayor may not communicate with the main colonic
or rectal lumen. The symptoms depend on the amount
of luminal narrowing associated with the mass effect of
the duplication. This condition is rare.

Figure 7-46 Burkitt's lymphoma involving the ascending colla
(arrow) is seen.



Figure 7-47 Prominent and slightly irregular polypoid filling
defect (armw) is seen at the expected site of the inverted appen­
diceal stump. This ftnding represents a variant of a normal inverted
appendiceal stump and is most Ukcly a result of suture granuloma.

Inverted Appendiceal Stump

In a patient with a history of appendectomy, a round,
smooth mucosal defect in tile cecal tip at the expected
orifice of the appendix is almost invariably an inverted
appendiceal stump. Some irregularity em be associated
with the stump, however, usually as a result of suture
granuloma, which may give a suspicious appearance
radiologically and result in the necessity of direct visuali­
zation (Fig. 7-47). Adenocarcinoma of the appendiceal
SlUmp is seen rarely (Fig. 7-48).

Unusual Diverticulum

Under nomlal circumstances, there is no difficulty in
differentiating diverticula from intraluminal filling
defects_ The so-<:alled unusual diverticulum does OCClIr

and can manifest as a ftlling defect. This can happen for
a couple of reasons. The diverticulum may invert into
the lumen, producing a smooth, rounded filling defect
(Fig. 7-49). Additionaliy, the diverticuhml may become
distended and impacted with stool, some of which may
project into the lumen, resulting in a filling defect.
During fluoroscopic evaluation, this problem often can
be sorted out by the use of compression technique or
by rotating the patient in an attempt to proftle the
diverticulum. Additionally, postevacuation fLlms com­
monly show some barium within the diverticulum that
occurred during evacuarion (Fig. 7-50).
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Figure 7-48 A lobulated filling defect at the cecal tip (arrows).
Endoscopic follow-up showed adenocarcinoma arising from Lhe
appendiceal stump.

Foreign Bodies

Occasionally, medication or vitamin tablets that have
traversed the entire small bowel and arrive intact and
undissolved in the colon are seen. These are mobile and
usually present little difficulty in diagnosis. Metallic foreign
I:x>dies in the colon or rectum are not a diagnostic problem.
Plastic, glass, latex, .mel rubber are less obvious but
usually apparent.

Figure 7-49 Two small, circular lesions (mTows) seen in the
proximal sigmoid colon. Both proved (0 be diverticula. Note how
the barium margin fades toward the center of the more distal
lesion, an expected finding with a diverticulum.
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Figure 7-50 A rounded, smooth ftlling defect in the splenic
flexure (arrow) seems to represent a typical polyp. A small
amount of barium has seeped into the diverticulum, however, and
is projectcd outside the lumcn, revealing this polypoid lesion to be
a diverticulum.

MULTIPLE Fll.LING DEFECTS

Hyperplastic Polyps

Hyperplastic polyps of the colon represent the most
common type of colonic polyp. The incidence and
number of polyps tend to increase with age.
Histologically, one fInds evidence of epithelial hyperpla·
sia with accompanying elongation and cystic dilatation
of the glandular structures. These polyps also are
referred to as "metaplastic polyps." They are thought to
present no increased risk of malignancy_

Radiologically, the polyps are usually small, measur·
ing from a couple of millimeters to 1 em, and are almost
always sessile. Although in themselves the hyperplastic
polyps are associated with no particular clinical.~';ymptoms,
they do present some difficulty during barium enema
because of the inability of the r'd.diologist to distinguish
between small adenomatous polyps and hyperplastic
polyps. There is also considerable difficulty during
colonoscopy in making the differentiation. This difficulty
and more recent observations that suggest that the
number of diminutive polyps «5 mm) that are adena­
matous is greater than previously thought has led to the
assertion that all colorectal polyps should be removed,
regardless of size. This pOSition is controversial in the
light of widely accepted data that the incidence of carci·
noma in adenomatous polyps less than 1 cm is less than
1% and is considerably less in polyps less than 5 mm.
Although there is little or no evidence to indicate any
malignant potential in hyperplastic polyps, some concern
has been expressed regarding the company they keep.
There have been reports of increased incidence of

adenomas and carcinomas in patients with multiple
hyperplastic polyps of the colon.

Polyposis Syndromes

The colonic polyposis syndromes are compared in
Table 7·1.

Familial Polyposis
Familial polyposis represents the most well-known

and important of the colonic polyposis syndromes. It is
inherited as an autosomal dominant trait with equal
distribution among males and females. The frequency of
individuals with the gene for tllis disease ranges from
1:7000 to 1:8000 in the general population. The fIrst
appearance of colonic adenomatous polyps is usually
manifested dUring the teen years. Polyps, although
predominantly concentrated within the colon, also may
be seen within the stomach, small bowel, and rectum
(Fig. 7·51). The large bowel is usually carpeted with
several hundred to several thousand small adenomatous
polyps.

The disease may be relatively asymptomatic (Fig. 7·52)
until rectal bleeding occurs. Patients may present in
their 20s or 30s with vague abdominal pain or diarrhea
and occult or frank rectal bleeding. Because the poten­
tial for malignant transformation is so great, frank
rectal bleeding may indicate the presence of a malignant
lesion. In two thirds of patients, malignant degeneration
already has occurred at the time of diagnosis. If untreated,
patients with familial polyposis eventually develop colon
cancer, usually in their 30s or 40s.

Radiological examination discloses a colon carpeted
with multiple, small polypoid lesions. Distribution may
be uniform throughout the large bowel, or it may be
more concentrated on the left side. Examination of the
stomach and small bowel also should be included as pan
of the patient's workup to evaluate for the presence
of polyps in these sites. Gastric and duodenal polyps can
be detected in approximately half of the patients.

Gardner's Syndrome
Gardner's syndrome, representing a form of colonic

familial adenomatous polyposis, has been a recognized
syndrome since the 19505 and is characterized by extra­
colonic manifestations such as epidennoid cysts, fibromas.
and osteomas of the skull. It also is inherited by autosomal
dominant transmission. TIle potential for malignant trans­
formation, as in familial polyposis, is 100% if untreated_
Radiological evaluation of the colon discloses numerous
colonic polyps. Frequently, the number of polyps is less
than is seen in typical familial polyposis. Additionall,'.
some of the polyps may be large and pedunculated.
Many of these patients also present with symptoms that
result from matignant transformation (Fig. 7·53).
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Table 7-1 Colonic Polyposis Syndromes

Syndrome

Familial
polyposis

Gardner's
syndrome'"

Turcot's
syndrome

Peutz-Jeghers
syndrome

Juvenile
polyposis

Cronkhite­
Canada
syndrome

Cowden's
syndrome
(multiple
hamartoma
syndrome)

Type

Adenomatous

Adenomatous

Adenomatous

Hamartomatous

Hamartomatous

Mixed
inflammatory!
hamartomatous

MLxed
hamartomatous!
fibrosis

Inheritance

Autosomal
dominant

Autosomal
dominant

Autosomal
recessive

Autosomal
dominam

Possibly
autosomal
dominant

Unknown

Autosomal
dominant

Other
Gastrointestinal
Sites

Stomach, duodenum,
small bowel

Polyps mostly
limited to colon

None

Small bowel most
common, but also
stomach, recrum

Mostly limited to

colon, rarely
generalized in gut

Stomach, small
bowel, rccrulli

Esophagus to

...ecrum

Extragastrointestinal
Sites

Uncommon

Epitlennoids, cysts,
fibromas, osteomas

CNS tumors, mostly
glioblastomas

Perioral pigmentations,
GU abnormalities in
v.'omen

Increased incidence of
congenjtal malformations,
retroperitoOl:al fibrosis

Alopecia, skin
pigmentations,
onychodystrophy

Skin keratoses, oral
papillomas,
faciotrichilemmomas,
thyroid abnormalities

Cancer
Risk

High (100%)

High (100%)

High; malignant eNS

tumors
Low (2·3%); increased

risk of breast c:mcer

Low (10%)

Low (10%)

Low; increased
fisk of breast
cancer

'~lay be a variant of familial polyposis.

eNS, central nervous system; GU, genitourinary.

Figure 7-51 Overhead film from DeBE reveals numerous
polyps throughout the entire length of the colon. An area of stric­
nlring (arrow) representing malignant degenerJ.tion is shown
in the midsigmoid colon in this patient with familial polyposis.

Figure 7-52 Spot fIlm of the sigmoid colon in a patient with
a family history of familial polyposis. TIle patient is asymptomatic,
and the examination was done because of the family history.
Numerous, small sessile polyps are seen throughout the sigmoid
and the remainder of the colon.
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Figure 7-53 DeBE in a patiem presenting with rectal bleeding
and a family histOry of Gardner's syndrome. Multiple polyps
of varying sizes are seen throughout the colon. A large, lobulated
distal sigmoid mass (arrows) is seen and was found to be a
polypoid carcinoma.

Turcot's Syndrome
Turcot's syndrome is a rare colonic polyposis condi­

tion characterized by adenomatous polyps of the colon,
usually larger and in fewer numbers than are seen in
Gardner's syndrome or familial polyposis. The syndrome
also includes central nervous system tumors, most
commonly glioblastoma multiforme and astrocytomas.
Despite the high risk of colon cancer, most patients die
early as a result of central nervous system lesions. The
syndrome is thought to be inherited as an autosomal
recessive process.

Peutz-Jeghers Syndrome
Peutz-]eghers syndrome is an unusual autosomal

dominant inherited disorder consisting of gastrointestinal
polyps, usually of hamartomatous origin, accompanied
by mucocutaneous pigment changes of the face and
perioral region. The polyps may be asymptomatic or
associated with hemorrhage or intemlirtent small bowel
intussusception. TIle patient may present with iron
deficiency anemia or intemlittent cramping and abdom­
inal pain.

The small bowel is the most common site for polyps
in the Peutz-Jeghers syndrome, although polyps are seen
in the colon and stomach. Polyp size varies from a few
millimeters to 2 to 3 em. The number of polyps also
varies. Racliologically, the polyps of this syndrome are
indistinguishable from adenomas. The main clinical factor,

which increases SuspicIOn, must be the pigmented
mucocutaneous lesions that often precede the appeamnce
of the gastrointestinal symptoms.

Peutz-Jeghers syndrome seems to be associated with
a slightly increased risk of gastrointestinal cancer. It is
unknown, however, whether the carcinoma arises as
part of the hamartomatous process or spontaneously and
coincidentally_ At this time, the latter perspective: seems
to be favored. \Vomen with dlis syndrome seem to have
an increased risk for developing breast carcinoma. There
also may be a slight increase in ovarian cancer in these
patients.

Juvenile Polyposis
Juvenile polyposis is a clisorder thought to be inher­

ited as an autosomat dominant trait. TIlese polyps are
hamartomas and may be SOlitary or multiple, occurring
in the colon and rectum of children or young adults.
called infantiJe or juvenile. Polyps can result in gastro­
intestinal bleeding, intussusception, and obstnlction. in
recent years, increased attention has been directed at
the relationship between this condition and a possible
increased risk of carcinoma. The polyps are not neoplas­
tic, however, and no actual malignant degeneration of
a polyp composed of hamartomatous elements is known.
TIlere may be an increased incidence of adenomatous
polyps in these patients.

Associated extracolonic manifestations may include
congenital abnormalities and malformations and an
increased incidence of retroperitoneal fibrosis.
Radiologically, the polyps can anain surprisingly large
proportions. Often they are pedunculated. Occasionally.
the larger polyps break free of their stalk, resulting in
significant rectal bleeding. An isolated juvenile polyp.
and in some cases multiple juvenile polyps, can be seen
with a negative family history and does not seem to
represent the inherited form of juvenile polyposis.

Cronkhite-Canada Syndrome
Cronkhite-Canada syndrome was first described in the

mid-1950s and is an apparent nonfamilial polyposis
syndrome. The condition is characterized by gastroin­
testinal polyps that can be distributed throughout the
gut from stomach to rectum. Associated extragastroin­
testinal manifestations include alopecia, onychodystrophv_
and hyperpigmented lesions of the skin.

The polyps tend to be most numerous in the small
bowel, although colonic polyps are common. Patiems
are often middle-aged and present with diarrhea relatin
to an associated protein-losing enteropathy. Although
initial reports considered the polyps to be adenomas.
subsequent studies consistently showed a lesion resem­
bling a juvenile polyp with hamartomatous and infl.am.
matory elements. Occasional reports of colon cancer
in patients with tilis condition have raised tile question



of whether there may be a slightly increased risk. From
a clinical perspective, tlle chronic diarrhea seems to present
more of a threat to the patient's health than the presence
of gastrointestinal polyps does.

Cowden's Syndrome
Cowden's syndrome is uncommon and is characterized

by multiple hamartomatous polyps of the esophagus,
stomach, small bowel, and colon. The polyps themselves
are not known to be associated with any clinical symp­
roms. The significant aspect of the syndrome is the
extragastrointestinal manifestations, which include skin
changes, perioral papillomas, faciotrichilemmomas,
thyroid abnormalities (including goiter and cancer), and
an increased risk of breast cancer.

Neurofibromatosis
Neurofibromatosis (von Recklinghausen's disease)

is a condition in which the most well-known mani­
festations are multiple subcutaneous neurofibromas.
Involvement of the gut with disseminated neurofibro­
matosis is unusual but does occur (Fig. 7-54). Although
involvement of the gut usually is associated with the
cutaneous manifestations, the disease also may be con­
fmed to the gastrointestinal tract. Most reports of colonic
involvement are in children. Children usually present
with intussusception or rectal bleeding. There is a slightly
increased risk of malignant degeneration.

Pseudopolyps

Pseudopolyps are polypoid protnlsions into the
lumen of a colon exhibiting the changes of severe IBD
and are truly named, in that they are not polyps in
the rypical sense. The pseudopolyp is actually residual
edematous mucosa Sitting, like an island, on a sea of

Figure 7-54 Large intraabdominal UUllors of neurofibromatosis
compress segments of small bowel and colon.
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surrounding ulceration. The denuding of the adjacent
mucosa and the swelling of the remaining island of
mucosa result in the classic polypoid appearance of the
pseudopolyp. Pseudopolyps may be seen in virtually any
IBD involVing the colon, although the most common is
ulcerative colitis. Pseudopolyps are a particularly promi­
nent feature of toxic megacolon.

Postinflarrunatory Polyps

The appearance of colonic postinflammatory polyps
(Box 7-5) is a direct effect ofTBD, in particular, ulcerative
colitis. Postinflammatory polyps may be seen less
commonly in Crolm's disease and other inflammatory
conditions of the colon.

These polyps are composed of normal mucosa. They
are often filiform or cOlnma-shaped and tend to be found
mostly in the distal colon. These projections of normal
mucosa into the lumen occur as a result of mucosal heal­
ing after severe lBD. They represent what were, during
the height of the inflammatory process, pseudopolyps.
\Then the healing process begins, reepithelialization of
the surrounding ulcerated areas occurs. This reepithe­
lialization process extends into the undermined base of
the pseudopolyp. As a result, when healing is complete,
a projection of normal mucosa, usually in a filifonn
shape and often readily identifiable, is seen (Fig. 7·55).
This projection may be seen on a background of normal
colonic mucosa or recurrent disease. Residual fecal
debris sometimes closely mimics postinflammatory
polyposis, and a careful and detailed examination of the
configuration of the "polyps" along with the absence of
any evidence of new or old inflammation usually sorts
out the problem (Fig. 7-56). Unusual presentations of
postinflammatory polyposis include mucosal bridges,
which are occasionally seen and represent reepitheliali­
zation of a thin strip of viable mucosa that has been

Box 7·5 Postinflammatory Polyps:
How They Come to Be

1. Starts as inflammatory colonic disease (usually
ulcerative colitis)

2. Inflammation results in severe ulceration and
near-denuding of mucosal surface

3. Residual "islands" of edematous mucosa
(pseudopolyps) are spared

4. Healing occurs with reepithelialization of ulcerated
surfaces

5. Reepithelialization process surrounds and involves
the undermined edges of the pseudopolyps,
giving classic appearance of postintlammatory
or filiform polyps
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Figure 7-55 DCBE in a patient with a previous history of ulcer­
ative colitis reveals a tubular-appearing left colon with numerous
filiform filW1g defects representing postinflammatory polyposis.

totally undermined by ulceration. Additionally, large
masses of postinflammatory polyps have been reported,
having, in some instances, the appearance of a large villous
tumor. These have been called giant postinflammatory
polyps.

Figure 7-56 Mucus stranding in the rectum was initially called
filiform jJOlyjJosis on ACBE. Sigmoidoscopy was normal.

Lymphoid Hyperplasia/Lymphoid
Follicular Prominence

The diagnosis of nodular lymphoid hyperplasia pre­
sents a dilemma. This diagnostic title suggests a disease,
whereas the presence of prominent lymphoid follicles
throughout the colon is usually a normal finding in
children and is seen with much more frequency than
previously thought in adults. In most instances, these
small lymphoid nodules of the colon are considered a
normal variant. They usually measure 1 to 3 mm and are
rounded elevations of the mucosa with poor definition
of the borders (Fig. 7-57). They tend to occur in areas
where lymphoid follicles are most numerous, such
as the ileocecal area and rectum. They also can be seen
distributed throughout the entire colon. When these
nodules are larger than 3 mm, the condition is commonly
referred to as lymphoid hyperplasia and characterized
radiologically by a tiny, central, barium-filled dimple
seen on ACHE. This is not a disease, but more likely the
reaction of the lymphOid follicles to an adjacent inflam­
matory or infectious process, although the process
may not always be apparent. The presence of nodular
lymphoid hyperplasia in the small bowel and possibly
the colon of patients with hypogammaglobulinemia and
associated giardiasis also has been noted. It has been
suggested that lymphoid hyperplasia may represent the
earliest changes of lHO or lymphatic disease, although
this is speculative and has never been proved.

Pneumatosis Cystoides Coli

Pneumatosis coli manifests two distinctive patterns.
The condition is characterized by air in the bowel
wall. The most common form is subserosal cystic blebs
(Fig. 7-58). The actual cause is unknown. Speculation

Figure 7~57 Numerous, tiny filling defects are seen throughout
the colon in this adult patient, representing a prominent lymphoid
follicular pattern.
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Figure 7-58 Barium enema reveals numerous marginal nodular
filling defects, some of which have the appearance of thumbprint­
ing (arrows). The filling defects are air-filled, however, and
represent pneumatosis coli.

has largely centered on coexistent chronic obstructive
pulmonary disease in which micrOluptures of the alveoli
occur, and air dissects through the vascular-bronchial
interstitial pathways to the mediastinum, down the
mediastinum into the retroperitoneum, and into the root
of the meseotery. Upward migration of air into the neck
probably also occurs, but is in such small amounts as not
to be noticed. Further dissection of air occurs along the
leaves of the mesentery until it reaches the peritoneal
surface of the bowel. Most of the subserosal cystic
air collections are seen in the distal colon, with abrupt
termination at the peritoneaL reflection off the rectum.
The oxygen is largely absorbed, and the remaining gas is
primarily nitrogen. Another condition that has been
associated with this is scleroderma. These patients are
almost always asymptomatic, and the findings are usually
incidentaL Rarely, if a subserosal cyst is sufficiently large,
there can be stretching of the overlying mucosa and
potential ulceration and bleeding. Additionally, the sub­
serosal blebs occasionally can rupture, and the patient
can have a benign pneumoperitoneum. Such a finding
often can cause confusion in the emergency department.

Another, more ominous form of pneumatosis coli is
the presence of linear intramural collections of air. These
are not subserosal in location, but usually submucosal
intrdmuraL This fmding is most frequently associated
with underlying acute vascular insults to the bowel,
ischemia, and infarction (Figs. 7-59 and 7-60). Air that
has percolated into the submucosa as the result of a loss
of mucosal integrity is, similar to food nutrients, taken
up in the portal venous system and transported through
the mesenteric veins to the portal vein. From there, it
can be carried into the intrahepatic portal venous system;
this can be identified on plain radiographs as tiny,
branching, tubular collections of air in the periphery
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Figure 7-59 CT in patient with transverse colon volvulus
shows distended colon and air in the wall of the affected bowel
(arrows).

(as opposed to larger air-filled branching stnlctures
centrally seen in the biliary tree) of the liver. In most
inst,mces, at tlle time of rddiological evaluation, these
patients are sufficiently toxic to allow the radiologist to
make the diagnosis confidently. The findings of air in the
bowel wall may precede by several hours the onset of
catastrophic decline in tlle patient's physical status, how­
ever. Some patients undergoing major bowel infarction
may have little more than complaints of abdominal pain

Figure 7-60 Barium enema in same patient as Figure 7-59
shows typical "beaklike" configuration at the point of torsion
obstruction in the transverse colon.
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and will not survive 24 hours. TIus may be especially
true in older individuals.

A major problem for the radiologist is the occasional
discovery of extensive linear submucosal air collections
or air within the portal venous system in a relatively
asymptomatic patient. This condition can occur as
a benign finding unrelated to bowel wall ischemia
or necrosis. Such conditions include gastrointestinal
surgery, pyloric obstruction, peptic ulceration, instru­
mentation, and mucosal trauma. In these situations, the
cause of the condition is related to mechanical and surgi­
cal factors rather than bowel necrosis. Linear pneumatosis
on plain film or abdominal cr should always lead to an
immediate consultation with the referring clinician.

Metastatic Disease

Metastatic spread of tumor to the colon and recrnm
can produce a variety of radiological findings and clini­
cal symptoms. The spread to the colon may occur as a
result of seeding tbrough the intraperitoneal pathways,
local contiguous spread, or hematogenous dissemination.
Tumors that can spread in such a manner and produce
multiple and, rarely, solitary filling defects include breast
cancer, malignant melanoma, and bronchogenic carci­
noma. Radiographic appearances vary and may include
well-defined intr<ullural polypoid masses or large, bulky,
irregular masses with superficial ulceration. Lesions
originating in the ovary and stomach most commonly
spread through the intraperitoneal pathways and result
in narrowing and stricture. Lesions from the stomach via
the gastrocolic mesentery and retroperitoneal lesions
affecting the transverse colon via the transverse meso­
colon occasionally may be seen. Involvement of the
rectum by cervical cancer or prostatic cancer usually
results from contiguous invasion.

Colitis Cystica Profunda

Colitis cystica profunda is an unusual nonneoplastic
condition characterized by the presence of mucus-filled
cysts in the submucosa and is usually confined to the
rectum or distal sigmoid colon. The radiographic appear­
ance varies, with a classic description of numerous,
smooth polypoid lesions that may be indistinguishable
from adenomarous polyps. Occasionally, the polyps are
clustered and irregular, even assuming a masslike con­
figuration that requires differentiation from malignant
neoplasm. Clinically, these patients present with rectal
bleeding and passage of excessive mucus per recrum.

The etiological basis of the condition is confusing.
It is believed by some authorities to originate as a primary
focal glandular abnormality of the distal large bowel and
rectum. Conversely, there is also a fairly convincing
argument that this is a variant of the solitary rectal ulcer
syndrome. Solitary rectal ulcer syndrome is probably a

result of chronic internal rectal prolapse, resulting in
superficial ulceration, interval episodes of inflammation
and healing, and invagination of the glandular structures
that become cystic over time.

Kaposi's Sarcoma

For decades, Kaposi's sarcoma had been known as an
indolent cutaneous neoplastic disease of older me'n and
was considered uncommon. With the advent of acquired
immunodeficiency ~l'ndrome (AIDS), however, it has
come to the forefront of diagnostic considerations. Of
patients with AIDS, 30% to 40% have Kaposi's sarcoma
somewhere in the gastrointestinal tract. Virtually all
cases of Kaposi's sarcoma of the gut are associated with
AIDS. The lesions can affect the esophagus, stomach,
small bowel, or colon. They may predate the cutaneous
lesions. Barium enema commonly shows multiple nodular
lesions, usually in the distal colon. InfIltrative or irregular
masses also can be seen.

Patients may present with gastrointestinal bleeding as
a result of ulceration of the larger nodldes. In some
instances, this bleeding may be the presenting complaint
before the diagnosis of AIDS is known. The presence
of Kaposi's sarcoma within the bowel indicates
a poor prognosis, and few patients survive beyond 12
to 18 months after diagnosis.

Colonic Lymphoma

In most instances, lymphoma is indistinguishable
from primary adenocarcinoma. Occasionally, this lesion
may present as multiple nodular polypoid lesions within
the colon, usually on the right side (Fig. 7-61). Rarely, the
multinodular appearance is indistinguishable from
the more well-known polyposis syndromes (Fig. 7-62).

Colonic Schistosomiasis

Colon.ic schistosomiasis is a condition rMely encoun­
tered in North America, but is occasionally seen in
travelers who have visited areas of endemic disease.
It presents in the colon as ulcerations associated with
polypoid filling defects (Fig. 7-63).

Colonic Varices

Varices are encountered in patients with portal hyper­
tension, most frequently associated with liver cirrhosis
The collateral pathways are usually via the gastroe­
sophageal veins, the mesenteric veins, and occasion~

the umbilical veins. Colonic varices are ["Me. They are
usually associated with pathways that develop as a resuh
of the anastomosis of veins on the visceral surface of [be
bowel with systemic venous channels in the abdorninzi
wall. This occurs, in almost all cases, in patients ,,,itt
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Figure 7-61 Spot film of the cecum shows multiple mucosal
nodules in the cecal tip, giving a mosaic panern and representing
lymphoma. Other conditions that can give a similar appearance
include ischemic changes, Crohn's disease, and Yersinia colitis.

portal hypertension and a history of prior abdominal
surgery and resection who develop adhesions between
bowel loops, setting the stage for possible abnormal
venous collateralizations on the surface of the bowel
(Fig. 7-64).

EXTRINSIC DEFECfS

Extrinsic defects affecting the colon may fall within
the normal or abnormal category (Box 7-6). In the normal
category, one can expect to see impressions from the
right lobe of the liver, particularly Riedel's lobe, in
which the inferior aspect of the right lobe is elongated
and impresses the ascending colon. A patulous or promi­
nent gallbladder may be seen impressing the superior
margin of the proximal transverse colon. Splenic impres­
sions are common, but their presence does not indicate
splenomegaly. Occasionally, individuals with a prominent
sacral promontory have some posterior impression at
the rectosigmoid junction.

Virtually any intraabdominal mass can result in
colonic displacement or compression. This ranges from
abscesses, tile most common of which are due to diver­
ticular, periappendiceal, and pelvic inflammatory disease,
to cystic lesions, most commonly of the ovary. Significant
cystic disease of the kidney also can impress the colon.
Intraabdominal tumor masses can compress, displace,
or invade the colon.

ULCERATION

Ulcerative Colitis

Of the group of diseases generally known as IBD,
ulcerative colitis and Crahn's disease represent the

A B
Figure 7-62 A 53-year-old man presented with Hemoccult-positive stool, but was otherwise well.
A, ACBE reveals multiple colonic polyps. B, Colonoscopy reveals multiple atypical-appearing
polypoid lesions. Biopsy specimen showed lymphomatous polyposis of the colon, a presentation
of colonic lymphoma.
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Figure 7-63 A 46-year-old woman presented with abdominal
pain and diarrhea after a trip to the Middle East. ACBE shows mul­
tiple polypoid lesions in the distal colon (arrows), which is one
form of presentation of colonic schistosomiasil;.

two most important conditions (Table 7-2). Ulcerative
colitis is a mucosal disease that involves the colon dis­
tally and may progress to affect the proximal colon. IT
limited to the rectum at the time of diagnosis, the disease
is referred to as ulcerative proctitis.

The cardinal clinical features are diarrhea and rectal
bleeding. The severity of the clinical presentation often
depends on the amount of large bowel involved.

Figure 7-64 Colonic varices (arrows) in a patient with portal
hypertension and prior colonic surgical resection.

Box 7-6 Pushing the Colon Around:
Extrinsic Sources of Normal
and Abnormal Impressions
on the Colon

Liver
Gallbladder
Spleen
Pelvic masses, especially ovarian
Renal disease
Abscesses, especialJy diverticular or periappendiceaJ
Mesenteric masses
Small bowel disease

Approximately one third of patients have pancoloruc
involvement at initial presentation. The disease can pre­
sent as an acute process, a recurrent process, or a
chronic ongoing condition. It is mostly a disease of young
individuals, although it can be seen in any age group.
The pathological characteristic of the disease is continu­
ous and concentric superficial involvement of the bowel
wall with inflammatory changes, mostly limited to the
mucosa. In severe fulminating disease, the extent and
depth of disease can increase significantly and become
transmural, as in the case of toxic megacolon.

When early active disease is present, the mucosal
surface becomes hyperemic, gra.nular, and eden1atous.
Tiny punctate ulcers also may be seen in the acute phase
on ACBE. Uniform wall thickening of the distal colon,
without small bowel involvement or adenopathy, is the
typical finding on CT. The haustral pattern is usually
diminished, but not absent. Progression of disease
results in increased ulceration and friability of the
mucosal surface. Severe ulceration and denuding of the
mucosal surface can occur. As previously mentioned.
islands of residual edematous mucosa on this background
of ulceration are known as pseudopolyps. Healing can
occur with complete restoration of the normal colonic
appearance if the initial insult was not sufficiently severe
to cause chronic fibrotic changes.

\Vith more severe disease, there may be distortion
of the haustral pattern after healing. Mucosal tags, or
postinflammalOry polyposis, may be preseI1l. With chronic
disease, the bowel loses its haustral pattern entirely.
assuming a "rubular" appearance. In addition, there i5
marked foreshortening of the colon. The terminal ileum
is usually nonnal. TIle condition known as backwash
ileitis has been described, resulting from chronic fibrotic
changes involving the ileocecal V'd.lve and an LU1iIltermpted
continuum of the distal ilewn and cecum. The terminal
ileum appears dilated, but is usually not involved in the
inflammatory process.

Microscopic changes in the mucosal surface durin.....
the initial inflammatory phase reveal not only vascula::r
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Table 7-2 Inflammatory Bowel Disease

Etiology
Pathology
Peak age of onset

Male/female ratio
Colorectal involvement
Fistula and abscess formation
Malignant potential

Rectal involvement
Disease pattern

Perianal disease

Gastroduodenal disease
Major clinical ~"ymptoms
Colonic strictures
Pseudopolyp formation
Toxic megacolon
Extracolonic tlL'1nifestations

Arthritis
Skin lesions
Liver/biliary
Renal disease
Ophthalmologic disease

Ulcerative ColitL..

Unknown
Superficial mucosal inflammation
20.40 years

Equal
100%
Rare
Related to extent and duration

of disease, I O'Xr 15%
Always, may be limited to rectum initially
Continuous, diffuse ulceration,

symmetrical involvement of the bowel

Unusual, can be associated with diarrhea

No
Rcctal bleeding/diarrhea
Yes

Common
20/0-10%

20%
Yes
Sclerosing cholangitis 1%-5%

No
40/0-5%

Crohn's Dio;;ease

Unknown
Transmural, granulomatous inflammation
Bimodal, mostly 20-30 years, very small

secondary peak 60-70 years
Equal
650/0-70%
Common
Rare in colon, 2'}{,-5% in small bowel with

associated small bowel disease
Approximately 50% '\\irh colonic disease
Discontinuous, asymmetric skip lesions,

asymmetric punctate, linear or branching
(cobblestoning) ulceration

Common (approximately 50%)
with colonic disease

10%-30%
Diarrhea, abdominal pain, bleeding less common
Yes (more common)
Less common
10/0-3%

10%
Yes
Increased incidence of gallstones
Increased incidence of kidney stones
Unknown

congestion and leukocytic infiltrates, but also inflamma­
tory changes that occur within the crypts of Lieberkiihn
and resultant microabscesses. Most patients present
with mild to moderate disease. A few patients « 10%)
can present initiaUy with a severe fulminant form of the
condition.

Various extracolonic manifestations of ulcerative
colitis have been described. Among the most severe is
primary sclerosing cholangitis. Although almost half of
patients with ulcerative c<?litis may have degrees of
abnormality of liver function, only a few have significant
hepatobiliary disease, representing approximately 1% to
5% of patients. This includes patients with severe
hepatocellular disease and cirrhosis and patients with
sclerosing cholangitis.

In about 20% of patients, significant periarticular
disease is present. Most commonly, this is a monarticular
arthritis involVing the lower limbs, usually the ankles or
knees. There is also an increased incidence of sacroiliitis
and ankylosing spondylitis in patients with ulcerative
colitis.

Skin changes also are seen in ulcerative colitis. The
most common of these is erythema nodosum, seen in
approximately 10% to 15% of patients. Less commonly,
pyoderma gangrenosum is seen in patients with severe

colonic disease. Other inlportant complications include
ocular lesions, such as conjunctivitis, iritis, and episcleritis.

Other recognized, hut relatively uncommon com­
plications include an increased incidence of thrombo­
embolic disease, growth retardation, and secondary
amyloidosis. The potential for the development of colon
carcinoma in patients with ulcerative colitis is well
known. The risk seems to increase with the extent and
duration of disease. A patient with pancolitis and disease
more than 10 years in duration has a 10% to 15% risk of
developing a malignant lesion, with the risk increasing
over time.

The use of the DeBE over the past few decades has
greatly enhanced the ability of the radiologist to identify
mild early mucosal changes of ulcerative colitis. These
findings include mucosal granularity, diminished colonic
folds and loss of rectal valves, and the presence of mucosal
erosions (Fig. 7-65). In general, the single-contrast study
is not sensitive for the detection of these early changes.
Unless there is frank ulceration, these changes are
often missed with single-contrast technique. With more
pronounced disease, both techniques can show the
diagnostic findings easily. Frank ulcerations, including
the classic "collar button" ulcers, are easily shown on the
margins of the bowel using either technique (Fig. 7-66).
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Figure 7·65 Spot ftlm of the rectosigmoid colon in a patient
with acute ulcerative colitis reveals loss of haustral folds through
the affected area, with granularity and tiny, superficial punctate
ulcers involving the rectum and distal sigmoid colon.

The collar button type of ulceration indicates penetra·
tion into the submucosa and the undenl1ining of mucosa
leading to tllis classic configuration.

In the chronic phases of ulcerative colitis, colonic
foreshortening and narrowing of the lumen can occur.
The flexures may virtually disappear. Fistula formation is
extremely uncommon; if present, it should prompt the
clinician to reconsider the diagnosis. After healing or in
chronic recurrent disease, postinflammatory polyps may
be present.

Figure 7·66 Single-contrast examination of the colon in a
patient with bloody diarrhea reveals numerous marginal ulcers
(mTows), with undermining of mucosa and a coUar button
appearance.

Crohn's Disease

Crohn's disease is a chronic inflammatory process
that, in contrast to ulcerative colitis, is transmural in
nature (see Table 7·2). The cause of the disease remains
a mystery. It is largely a disease of young persons, 20 to
30 years old, although a smaller subset of patients with
onset of symptoms after age ;0 is now being identified.

Three primary clinical and anatomical presentations
are recognized: small bowel involvement only (30%),
distal small bowel and colonic involvement (4;%), and
colonic involvement only (25%). The pattern of involve­
ment often dictates the clinical presentation. Although
diarrhea and abdominal pain tend to be common to all
presentations. bowel. obstruction and fistula formation
are seen most frequently in patients Witll small bowel
involvement. Conversely, rectal bleeding and perianal
disease tend to indicate coloreclal disease.

The transmural granulomatous rype of inflammatory
changes is discontinuous within the colon, resulting in
the well-known skip lesions recognized by pathologists
and radiologists. In addition, the pattern of involvement
tends to be asymmetric (e.g., one wall of tlle colon at
any given point may be more or less involved than the
opposite wall). This is an important observation, and
it contrasts with ulcerative colitiS, in which involvement
is continuous and concentric.

The full-thickness inflammatol1' disease eventually
results in a thickened rigid segment of bowel, with
progressive increase in mesenteric fat over tlle inflamed
serosal surface (creeping fat) first described by patholo­
gists and now appreciated by radiologists with CT
(Fig. 7-(7). Initially, the mucosal changes may be little
morc than aphthOid types of erosions on the mucosal
surface. Care should be taken regarding the diagnosis of

Figure 7-67 Crohn's disease involving the ascending CoK£
with marked wall thickening, haziness of the pericolic fat. ADiiY
some low-density, concentric, ringlike structures, which might ~
fluid or fat (arrows).



Figure 7-68 A 35-year-old patient with abdominal pain and
bloating. Aphthous ulcers of the rectum were diagnosed on ACBE.
Sigmoidoscopy was normal. Appearance of rectal mucosa is a
normal variant.

aphthous ulcers in the colon and rectum because a
prominent lymphoid pattern and variations of the normal
rectal pattern can simulate the appearance (Fig. 7-68).
Aphthous ulcers can enlarge, deepen, and extend into
long linear ulcerations (Fig. 7-69). Extensive branching
linear ulcerations can result in the classic "cobblestone"
effect described in the early radiological literature.
Penetration of the inflammatory process to the external
serosal surface of adjacent bowel or adjacent strucmres

Figure 7-69 Spot film of the descending colon reveals linear
superficial ulceration (arrows) typical of early Crohn's disease.
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Figure 7-70 Patient with Cruhn's disease was shown to have air
in the bladder on plain abdominal image (an·ows).

accounts for the high incidence of bowel-to-bowel or
bowel-to-bladder fistulas and perforation with abscess
formation. These represent the most common complica­
tions of Crohn's disease and are rarely seen in ulcerative
colitis (Figs. 7-70 and 7-71). Free perforation in Crohn's
disease is unusual. There is a slightly increased risk of
malignancy as a complication of Crohn's disease. These
neoplasms almost always occur in the small bowel in
patients with small bowel involvement. Adenocarcinoma
and lymphoma may occur. Colonic malignancy is rare.

Figure 7-71 Same patient as in Figure 7-70. CT through the
pelvis shows fismlous connection of diseased bowel to adjacent
bladder. Air is seen in the fistulous tract (arrow).
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Other important complications include toxic mega­
colon (less common than in ulcerative colitis) and
enterovaginal, enterovesical, and emeroUl'eteric fistula
fonnatiol1. In addition, as in ulcerative colitis, there
are extragastrointestinal manifestations of the disease.
Approximately 10% of patients have peripheral arthritis.
Dennatological manifestations include erythema nodosum
and pyoderma gangrenosum.

The radiological evaluation of Crohn's disease begins
with the plain ftlm of the abdomen in most patients.
Typically, changes include a bowel gas pattern showing
thickened irregular folds (Fig. 7-72). The plain film is also
of particular benefit in the evaluation for toxic mega­
colon. Additionally, unusual gas collections may suggest
abscess formation.

The radiological evaluation of a patient with non­
fulminant disease and no evidence of toxic megacolon or
free air should be with double-contrast technique. The
early superficial aphthous-type erosions are missed on a
single-contrasr study. These tiny erosions are surrounded
by apparently normal mucosa.

More severe disease is manifested by deeper and
more extensive ulceration, including long linear ulcers
(Fig. 7-73). The rectum is histologically involved in more
than 50% of cases of colonic Crohn's disease, but may
appear grossly normal on radiological examination. Skip
lesions and eccentric involvement of the colon should
be identified if present (Fig. 7-74). Fistulas, sinus tracts,
and periluminal abscesses may be seen in more

Figure 7-72 Plain film of the abdomen shows abnormal con­
tours (arrow) of the air-filled distal transverse colon in a patient
with colonic Crohn's disease. The normal haustral pattern is
absent, and narrowing of the mid-transverse colon is secn.

Figure 7-73 Spot film of the splenic tlexure shO\vs eccentric
involvement of the ftc·xure with focal areas of more severe involve­
ment (skip lesions). Numerous superficial linear and branching
ulcers are seen, particularly in the proximal limb.

advanced disease. The involvement tends to be greater
in the proximal portions of the colon. If the disease
involves the ileocecal valve, the valve may be seen
as enlarged and rigid. Generally, if the ileocecal valve
is involved, this indicates termi}lal ileum involvement
(Fig. 7-75).

IT of the involved segments shows the expected
thickened, rigid bowel wall. CT is especially valuable,
however, in the documentation of intraabdominal
complications, such as abscess formation (Fig. 7-76). It is
extremely useful in evaluating right lower quadrant
masses, which may be matted, inflamed loops of bowel,
but must be differentiated from abscess. CT also is valu­
able in performing diagnostic aspiration and therapeutic
drainage of intraabdominal pus collections. Small clusters
of slightly enlarged lymph nodes may be seen in the
mesentery and retroperitoneum.

Figure 7-74 In a patient with severe Crohn's disease, DCBi:
shows marked involvement of the midsigmoid colon and rel3.~

sparing of the distal sigmoid colon and rectum.



Figure 7-75 This patient had marked involvement of the colon,
particularly the cecal region, with Crohn's disease. Note the spar­
ing of the ileocecal valve (arrows) and the normal appearance of
the terminal ileum.

Ultrasonography can show bowel wall thickening and
is useful in the evaluation of possible abscess foonation.
Typically, abscesses are seen as sonolucent masses with
internal echoes. Radionuclicle scintigraphy using indium­
labeled leukocytes also has been used in the evaluation
of possible Crahn's disease in difficult cases. This modality
tends to be more useful in small bowel than colonic
disease.

Figure 7·76 cr in a patient with Crohn's disease:. Note the
marked thickening of the ascending colon and hepatic flexure.
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Figure 7-77 Spot fUm of the splenic flexure in a patient with
AlOS who has severe CMV colitis. Note the marked ulceration and
nodularity of the mucosal surface of the splenic flexure similar to
Crohn's disease.

Viral Colitis

Cytomegalovirus (CMV) colitis is commonly seen in
patients with AIDS and patients with other conditions
that comprom.ise the immunological system, such as
posttransplant immunosuppression. CMV colitis can
have a variety of presentations, from diffuse to focal
deep ulcerations. Patients often present with bloody
diarrhea (Figs. 7-77 and 7-78). Barium enema fmdings valY
from nonspecific, mild, superficial inflammatory changes
to dramatic, deep ulcerations. The presence of large, deep
ulcers may suggest the possibility of CMV cOlltis, although
biopsy is required for diagnosis.

Bacterial Colitis

Many bacterial infections of the colon, such as
Shigella, Salmonella, Clostridium, and Campylobacter
infections, can result in colonic ulcerations. Most of
these are infrequently seen, and few bariutn enemas are
performed for these conditions. The findings tend to be
nonspecific. The findings seen in Campylobacter colitis
have been reported to be identical to the findings seen
in acute ulcerative colitis. Yersinia infections of the
bowel are generally limited to the distal ileum, although
the cecum can be involved. The radiological findings
seem to be quite variable, with edema and ulcemtion the
most common fmdings. Infectious processes that tend
to be limited to the rectum include rectal gonorrhea
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Figure 7-78 Ci\1V colitis involving the entire colon in addition
to the distal small bowel.

and herpes and Campylobacter infections. All of
these conditions can manifest with fold tWckening and
superficial ulceration.

Ischemic Colitis

Ischemic colitis is a condition resulting from the
deprivation of adequate blood flow to the bowel, usually
from the inferior mesenteric artery distribution. Often
the condition is more related to hypoperfusion than
to occlusive phenomena. Patients almost uniformJy
present with bloody diarrhea, occasionally accompanied
by lower abdominal pain. The mucosa and submucosa,
being most sensitive to the hypopetfusion state, tend to
become quickly edematous, hyperemic, and susceptible
to ulceration.

The condition is encountered most frequently in
elderly patients, with the disease limited to the colon.
Progression of the process to gangrene or to more exten­
sive involvement of the colon, or even the distal small
bowel, also can be seen and carries a Wgher mortality
rate. Most episodes of ischemic colitis have a benign
course, however, with more than half of patients recov­
ering with no evident residual problems. Infection of
disrupted mucosa can occur in a few patients, and
peiforation is uncommon.

The most common finding on either plain film or con·
trast examination of the colon is marked segmental wall

Figure 7-79 Ischemic coUtis with marked fold thickening and
thumbprinting.

tWckening, resulting in the well-known "thumbprinting"
sign. Ulceration of the mucosal surface is relatively com­
mon (Fig. 7-79). Intramural air can be seen on plain
ftlnls, barium enema, and cr. The barium enema find­
ings can be easily confused with inflammatory disease
of the colon. The most common sites are in the distal
colon. The overlapping of the distal middle and distal
colic artelY circulation around the splenic fleA"Ure has
long been the basis of discussion as to whether the
splenic flexure is more likely to be at risk, being the end
of both circulations and most likely to be affected b~

episodes of hypotension, or whether the area of the
splenic flexure is at Less risk because of the overlapping
circulation at the splenic flexure (Griffith's point). The
fact that most ischemic episodes affect the lower
descending colon and sigmoid colon seems to favor the
latter argument.

Amebiasis

Amebic colitis is the result of colonic parasitic infec­
tion by the protozoan Entamoeba histolytica-. Infection :...­
limited to the colon in most cases, although widespre3i:l
amebiasis can occur. The protozoan is ingested as z
cyst in food or water and eventually passes into the snur:
bowel and colon, where the cyst dissolves, and me
uninuclear trophozoite form is released. These mCliLDe
organisms invade the colonic mucosa, causing hyperemi..
and edema. Progression of the infectious process r~
ill mucosal ulcers. The cecum and ascending colon a::
the areas most commonly affected within the c
Involvement of the adjacent distal ileum is unusual.



In addition to widespread mucosal inflammation
and ulceration, a more localized, masslike form of
[he process, an ameboma, is occasionally identified. An
ameboma is a marked, localized reaction involving an
extensive granulomatous type of inflammation, thicken­
ing of the bowel wall, and narrowing of the lumen. The
configuration of an ameboma may look like carcinoma
on endoscopic or radiological examination. Amebomas
are uncommon and are seen in less than 0.5% of cases.

If the barium enema is used (and it is seldom llsed
when the diagnosis is known), it often shows severely
inflamed spastic bowel with widespread ulceration.
In the early stages, superficial discrete ulcers may be
identified on ACBE. The disease tends to be more preva­
lent in the proximal portions of the colon. In severe
disease, there can be marked edema of the bowel wall,
thumbprinting, and toxic dilatarion (Fig. 7-80). The radi­
ological frodings on ACBE and CT are nonspecific, and any
stage of the examination can resemble Crohn's disease
or ulcerative colitis. Distinction between amebiasis and
IDD is crucial because patients with amebiasis who are
inadvertently treated with steroids may decline rapidly.
The definitive diagnosis is made by detecting the organ­
isms in the stool or endoscopic aspirate.

A helpful but nonspecific radiological froding is the
"conical" cecum resulting from diffuse inflammation
and spasm of the cecal tip. Other conditions, such as
Crohn's disease, tuberculosis, actinomycosis, and even
adjacent appendiceal disease, also can result in a conical
cecum.

Figure 7-80 Plain film of the abdomen in a patient with fulmi­
nant amebic colitis. Note the narrowing of the proximal transverse
colon and the prominent nodularity (thumbprinting) in this region
(arrowheads).
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Radiation Colitis

Inflammatory changes secondary to radiation are seen
most commonly in the rectum and sigmoid colon, usu­
ally as a result of radiation therapy for pelvic neoplastic
disease. Radiation colitis seems to be associated most
commonly with treatment of carcinoma of the cervix.
Acute changes are nonspecific and mostly consist of
edema and erythema. In more severe radiation damage
or chronic radiation damage, the colon tends to lose its
haustral pattern and become ulbular (Fig. 7-81). Rectal
folds may disappear completely. Frequently, there is
widening of the presacral space. Ulceration may be pres­
ent to varying degrees in the acute and chronic phases.

Tuberculosis

Tuberculosis involving the gastrointestinal tract can
be either primary or secondary. Primary involvement,
usually associated with the ingestion of nonpasteurized
milk, is rarely seen in Western countries today.
Mycobacteriu1n tuberculosis primarily involving the
lungs can infect the gastrointestinal tract secondarily as a
result of swallowed organisms in the sputum. The dis­
ease tends to occur around the ileocecal region, possibly
because of the abundant lymphoid tissue in that area.
Clinical presentation tends to be nonspecific, with the
most common presenting complaints being abdominal
pain, weight loss, fever, and diarrhea. The radiological
evaluation may be helpful in identifying an inflammatory

Figure 7·81 Rectosigmoid spot mm in a patient with chronic
radiation proctitis and sigmoiditis. There is a general loss of the
haustral pattern with a tubular appearance of the bowel.
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mucosal process, but is not diagnostic. The radiological
appearance can mimic erohn's disease, including
mucosal ulceration, fold thickening, and occasionally
stricture. The terminal ileum is commonly involved. In
patients with known primary pulmonary tuberculosis,
these findings raise the diagnostic possibility of gastroin­
testinal tuberculosis. The definitive diagnosis is made by
identification of the organism.

The incidence of gastrointestinal tuberculosis has
increased with an increasingly large AIDS population in
the community. In addition to M. tuberculosis, another
form of tuberculosis that has been seen with increasing
frequency in these patients is Mycobacterium avium­
intracellulare, now designated as M avium complex.
This organism is generally nonpathological. In immuno­
compromised patients, such as patients with AIDS,
M. avium complex infections primarily involving the
respiratoI)1 tract are seen with increasing frequency, how­
ever. In such patients, this organism occasionally may be
found to be the basis of gastrointestinal infection as well.

Solitary Rectal Ulcer Syndrome

Solitary rectal ulcer syndrome, an unusual and con­
fusing disorder, was first described in the early 1800s.
It is most commonly seen in young or middle-aged adults,
and the presenting findings are rectal bleeding and
mucous discharge. Many patients also report difficulty
passing stool. Ulcers frequently can be identified, althougb
commonly there is more than a solitary ulcer present.
Multiple etiological theories have been suggested. Perhaps
the most important is the association of internal rectal
prolapse and difficult rectal evacuation. The disease may
be associated with or identical to colitis cystica profunda.

Radiologically, inflammatory changes including ulcer­
ation can be identified along the anterior rectal wall.
The rectal valves often appear thickened. A polypoid
inflammatory mass also may be identified and may mimic
neoplastic disease.

Trauma

Although colorectal trauma may result from a variety
of causes, such as gunshot wounds (Figs. 7-82 and 7-83),
stabbing, or blunt trauma, most cases are probably iatro­
genic. These can occur as a result of the traumatic effect
of a barium enema tip on the rectal mucosa or intracolonic
instnunentation, such as results from sigmoidoscopy or
colonoscopy. Frequently, these instruments may cause
mucosal lacerations, but infrequently result in serious
complications, such as perforation.

Beh",et's Disease

Behc;et's disease is a condition sometimes referred
to as the "silk route" disease because of its historical

Figure 7-82 Gunshot injury to left colon. Note blood and air in
left paracolic area (arrows).

prevalence in the Mediterranean basin, where it was
thought to have been brougbt back by Marco Polo, along
with silk, from his overland journeys to the Far East. The
disease is of unknown origin and is characterized by four
main clinical findings: aphthous ulcers of the mouth,
eyes, skin, and genitalia. It tends to be more common in
men between ages 40 and 50. Gastrointestinal involve­
ment occurs in less than half of patients and tends to be
a minor manifestation of the condition. In a few patients,
colonic involvement can be severe, and significant ulcer­
ation may be seen (Fig. 7-84).

The radiological evaluation may be confusing because
Behc;et's disease can simulate either Crohn's disease or,
in some cases, ulcerative colitis. Additionally, because
both of these idiopathic TRDs are known to have e>..'tfa­
colonic manifestations that involve the eyes and skin_
patients with Behc;et's disease may carry the diagnosis
of IBD for some time.

Figure 7-83 Gunshot wound in the rectum. There is blood ~
well as tiny air hubbies in the pararectal space (arrows).
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A B
Figure 7-84 Patient with Beh\=et's disease with involvement of the right colon. A, ACBE shows
thickened irregular folds with some areas of ulceration in the cecum. B, CT shows inflammatory
changes iJl cecal wall (arrows).

Diversion Colitis

In patients who have had their fecal stream diverted
as the result of a proximal colostomy or ileostomy, a
nonspecific inflammation involving the diverted portion
of the colon may be seen, representing what has been
termed diversion colitis. The radiological evaluation of
the excluded colonic segment shows acute inflamma­
tory changes similar to mild acute ulcerative colitis. This
curious condition usually spontaneously regresses when
the ostomy has been taken down and the fecal stream
reestablished.

Gonorrheal Proctitis.

Gonorrhea is a relatively common sexually transmitted
infectious disease that involves the mucous membranes
of the urethra, vagina, and cervix. Rectal involvement
can occur in women as a result of infected vaginal dis­
charge and secondary rectal infection or primalily as
a result of anal intercourse. In men, it always results from
direct sexual contact and is seen in homosexuals. The
radiological findings are superficial inflammatory changes
involving the mucosa of the rectum with fold thickening
and areas of punctate ulceration (Fig. 7-85). The appear­
ance may be identical to ulcerative proctitiS seen early in
the development of ulcerative colitis. Other infectious
processes, such as Ca1npylobacte1· and viral proctitis,
can give a similar picture.

Figure 7-85 Spot film of the rectum in a patient with known
gonorrheal proctitis. Note the thickening of the rectal folds
(arrows) and the granular appearance of the mucosa.
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COLONIC NARROWING

Adenocarcinoma

Although the physical manifestations of colonic
adenocarcinoma are numerous, one common manifesta­
tion is focal irregular narrowing, classically described as
the "apple core" configuration or the British equivalent,
the "napkin ring" (Fig. 7-86). This lesion involves a short
segment of colon, frequently with some degree of prox­
imal dilatation or obstruction, especially in the sigmoid
colon. Annular lesions tend to be relatively uncommon
in the rectum, where large bulky polypoid lesions
are considerably more frequent (Fig. 7-87). Rectal lesions
also occur in a slightly older age group and are associated
with a more aggressive course and slightly decreased
survival time.

Diverticulitis

Diverticulitis represents one of the two conunon
complications of diverticulosis of the colon (the other
being bleeding), and as such, the underlying condition
of diverticulosis requires some understanding before
this complication can be fully understood. Diverticular
disease of the colon is a condition of 20th century indus­
trialized nations and was relatively uncommon before.
Diverticula call occur anywhere in the colon, but are
most common in the sigmoid region (Fig. 7-88). These
diverticula develop at the site of penetrating blood vessels

Figure 7-86 Typical apple core or napkin ring configumtion of
an annular carcinoma of the colon. Note the contiguous invasion
of the adjacent colon (at"1·ows).

Figure 7-87 An air-eontr:lst view of rcctal carcinoma (arrows)

shows a large, bulky polypoid lesion with a villous appearance.

entering the bowel wall. The mucosa and submucosa of
the bowel wall tend to protnlde through these natural
areas of wall weakness. This anatomical relationship of
diverticula to penetrating blood vessels accounts for the
high incidence of hemorrhage associated with diverticu­
lum formation.

The etiological origins of diverticulum formation
seem to be related to abnormally high intraluminal

Figure 7-88 Decubitus view from DeBE shows marked dh-a
ticular changes concentrated in the sigmoid region, resulting ..
considerable distortion of the bowel and difficulty in evalua .
the area.



Figure 7·89 Diverticular changes (arrows) are seen in the
sigmoid colon without t:vidence of diverticulosis.

colonic pressures and abnormaUy prolonged colonic
transit times. Chronic disease results in muscular thick·
ening, and when severe diverticulosis is present, there
can be diffuse narrowing even without the presence
of diverticulitis.

The incidence is thought to be slightly more common
in women than in men and definitely increases with age.
At age 60, 60% to 70% of patients examined by barium
enema have some degree of diverticulum formation
(Fig. 7-89). It is also suggested that the disease may be
occurring in increasingly younger individuals.

As previously mentioned, this condition seems to be
seen 1110st commonly in Western industrialized nations
and is almost unheard of in Africa and the Far East; this
is thought to relate to differences in the fiber content of
the diet and to significant differences in colonic transit
times. It also has been observed that long-time vegetari­
ans seem to have a decreased incidence of diverticular
disease.

Most patients with uncomplicated diverticulosis
are likely to be asymptomatic. There is a poorly defined
group of patients who experience lower abdominal
pain, exacerbated by dietary intake, who are given the
diagnostic label of "irritable bowel syndrome." Whether
the so-called irritable bowel syndrome is a manifestation
of colonic intraluminal pressure abnormalities leading to
diverticulum formation, or whetlIer it is a coexisting
condition is unclear, and there is difficulty in defining
the irritable bowel syndrome. 11Iere have been assertions
that a correlation exists between the two conditions,
although this idea is controversial.

Patients who develop complications associated with
diverticulosis most frequently develop rectal bleeding.
The most common cause of massive lower gastrointestinal
bleeding is diverticulosis.

Much the same way that appendicitis develops,
diverticulitis can occur when a diverticulum becomes
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Figure 7·90 Spot film from DeBE reveals IDultiple diverticula in
the sigmoid region with narrowing and irregularity. A lenticular
coUection of barium (arrow) represents a pericolic abscess
secondary to diverticulitiS.

occluded by stool, and peridiverticular inflammatory
changes associated with microperforations can occuc.
These can go on to frank pericolic abscess formation
(Fig. 7-90). Areas of narrowing rna)' occur as a result of
spasm associated with the inflammation, even in the
early changes of diverticulitis without abscess formation.
With the presence of abscess formation, the narrowing
results from a combination of spasm and mass effect.
cr is useful in the evaluation of diverticulitis, shOWing
thickened edematous bowel wall (Fig. 7-91) and pericolic
abscesses (Fig. 7-92). The three classic barium enema
findings arc narrowing and spasm, mass effect, and bariwn
in intramural tracts or pericolic abscess.

Postinflammatory Strictures

Many inflammatory conditions can cause focal
stricturing and narrowing of the colon. They may occur

Figure 7·91 cr of pelvis shows in1lamm<.ttion and thickening
of sigmoid bowel wall (arrows) and narrowing of the lumen,
represeming diverticulitis wil.hout evidence of overt abscess.
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Figure 7-92 Pelvic abscess secondary to acute diverticulitis.

during the acute phase (Figs. 7-93 and 7-94), but com­
monly are seen as a sequela to chronic disease. Colonic
strictures are seen in less than 10% of patients with
chronic ulcerative colitis (Fig. 7-95). They rarely result in
obstructive changes. In patients with severe chronic
ulcerative COlitis, the narrowing may be more diffuse,
involVing a long segment of the colon (Fig. 7-96).

Because of the transmural inflammatory changes asso­
ciated with Crohn's disease, areas of focal stricture are
slightly more COl11l11on (Fig. 7-97). The strictures may be
asymmetric, reflecting the asymmetric involvement of
the bowel at that level.

A common cause of narrowing in the rectum and
sigmoid area is radiation colitis. Radiation therapy is

Figure 7-93 Patient widl persistent colonic stricture located
just above the ileocecal valve. The mucosa appears to be intact,
and this stricture was found to bc inflammatory in naturc, rcpre­
senting CMV colitis.

Figure 7-94 er through the upper pelvis in the same patient as
seen in Figure 7-93. Note the marked thickening of thc colon wall
(arrow) just above the ileocecal valve.

usually performed for neoplastic disease of the pelvis.
The involved bowel in the radiation port undergoes
degrees of vascular injury. Diffuse or focal areas of
narrowing are encountered. Other unusual causes of
colonic stricture include amebic, bacterial, and viral
colitides.

Hirschsprung's disease, most commonly seen in
children, also can be seen occasionally in young adults
with delayed diagnosis. The same aganghonosis segmem
is also the cause in young adults. These patients usually
are treated for chronic constipation for years (Fig. 7-98).

Figure 7-95 This patient has ulcerative colitis and a u-d
defined stricture locatcd just above the ileocecal valve, seco~
to focal inflammatory changes.



Figure 7-96 DeBE in a patient with chronic ulcer-dtive colitis.
Widespread postin.f]ammawry polyposis is seen along with a stric­
mred segment (an-ow) in the sigmoid colon.

Ischemic Colitis

Greater than half of patients who experience
ischemic colitis undergo complete and spontaneous
remission, with return to the normal configuration
and appearance of the colon. [n a smaller number
of patients, there is sufficient injury to the mucosa and

Figure 7-97 DeBE in :I patient wilh Crohn's disease shows an
area of Stricluring involving the distal transverse colon.
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Figure 7-98 Hirschspnmg's disease in a young :ldult. Note the
narrowed aganglionosis segment (arrows) and the markedly
dilated, swol-filJed proximal coJoo.

submucosa that the resultant fibrosis can cause focal
luminal narrowing (Fig. 7-99). As with all areas of
colonic narrowing, the status of the mucosa in the
narrowed segment should be carefully ascertained.
In most inflammatory or postinflammatory causes of
stricture, a mucosal pattern can be detected, as opposed
to the destroyed and replaced mucosa associated with
malignant disease.

Figure 7-99 Spot film of the sigmoid coJon in a patient with a
smooth postischemic stricture. Polypoid fllling defects in the srric·
ture (an'ows) proved to be a polypoid adenocarcinoma arising in
the stricture.
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Figure 7~100 Overhead film shows a fixed area of narrowing
(arrow) in the ascending limb of the splenic flexure. The mucosa
is intact. This area of persistent narrowing is a result of an adjacent
pancreatic pseudocyst that involves the colon at that point.

Adjacent Inflammatory
or Neoplastic Disease

Processes not originating in the colon can indirectly
involve the colon, resulting in luminal narrowing
(Fig. 7-100). In the pelvis, pus or metastatic disease
affecting the colon from the serosal side can result in a
combination of spasm and inftltration, causing narrowing
of the lumen (Fig. 7-101). Some conmlOn inflammatory
causes of this condition include periappendiceal abscess
and pelvic inflammatory disease (Fig. 7-102).

Figure 7-101 This patient has ovarian cancer .md metastatic
implants (arrows) on bowel wall.

Figure 7-102 Spot rum oftht: rectum shows some spasm al the
rectosigmoid junction and a crcnulated appearance along the ante­
rior margin (arrows). This patient had a periappendiceal abscess,
and pus was discovered in the lower rcct:sses of the pelvis,
accounting for these changes.

Secondary neoplastic disease invading this region
through the mesenteric pathways and serosal surface is
a relatively common occurrence (Fig. 7-103). This inva­
sion results in the spiculated or crenulated margin on
the mesenteric side of the bowel commonly seen in this
condition. Invasion of the serosal surface of the bowel
causes marked spasm of that segment of the bowel
(Fig. 7-104). This spasm is among the most painful types
encountered during the course of a barium enema and is
many times more uncomfortable than spasm experi­
enced by patients with acute diverticulitis.

Extension of inflammatory or neoplastic processes
through the gastrocolic ligament or the transverse
mesocolon also can involve portions of the transverse
colon, resulting in eccentric narrowing (Fig. 7-105). These
include malignant lesions arising from the stomach

Figure 7~103 cr of the abdomen discloses widespread infthn­
tion of the mesentery with tumor extending to and involving the
transverse colon.



Figure 7-104 Spot ftlm from DCBE shows a narrowing, spasm,
and serrated margins of dlC sigmoid colon in a patient with wide­
spread ovarian carcinoma involving the serosal surface of me
bowel.

\

Figure 7-105 DCBE in a patient presenting with anemia.
Extrinsic mass and spiculation seen along the superior margin of
the transverse colon (a1't"Ows) represent metastatic extension of a
primar)' gastric carcinoma down the gastrocolic ligament, invest­
ing the transverse colon on its seros.:ll margin.
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Figure 7-106 A patient with abscess in the lesser sac. TIle
lesser sac is distended with pus and is impressing and depressing
the transverse colon (arrows).

and pancreas. Pancreatitis can result in inflammatory
exudates traversing the transverse mesocolon and
involVing the colon. In addition, moder.1te to large
accumulations of fluid in the Jesser sac may indirectly
involve the transverse colon (Fig. 7-106).

Endometriosis

Endometriosis is the presence of active, functioning
endometrial tissue outside of the uterus. In approxi­
mately one quarter of the cases, endometriosis involves
the bowel. Commonly, the sigmoid and rectosigmoid
junctions are involved. It also can be seen rarely in the
cecum and the terminal ileum.

Patients may be asymptomatic, although complaints
of ccampy abdominal pain sometimes associated with
the menstrual cycle can be elicited. Areas of eccentric
luminal narrowing can be seen endoscopically in the
sigmoid region. The mucosa may appear distorted but
intact. Diagnosis in the proper clinical setting often can
be suggested by barium enema. Commonly, there is
an area of eccentric narrowing with spiculations and
nodularity along the affected margin (Fig. 7-107).

Lymphoma

Although lymphoma of the colon can appear as a
localized mass lesion with luminal narrowing (Fig. 7-108),
it also may be seen as an inftltrating mass lesion in which
the lumen of the replaced bowel appears widened
(aneurysmal dilatation). This appearance is seen more
frequently in the small bowel. The colonic lesions tend
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Figure 7·107 A patient with known endomt:triosis shows
typical findings of serosal involve::ment at the rectosigmoid junc­
tion. The anterior margin of the bowel is crenulated and spiculated
at this point with some mass effect (arrowheads).

to occur with more frequency on the right side and
rarely obstmct (Fig. 7-109).

Lymphogranuloma Venereum

Lymphogranuloma venereum is a sexually transmitted
disease caused by the rickettsial organism, Chlamydia
t,.achomatis. Significant inguinal lymphadenopathy is a
common finding in this condition. Rectal involvement
also is relatively common. When it does occur, it can
result in narrowing of the rectum and distal sigmoid

Figure 7-108 SCBE in a patient with colonic lymphoma shows
narrowing and irregularity of the cecum (arrowheads).

Figure 7-109 ACBE shows long irregular segment of infl.1tratcd
distal colon (open a1"'ows) and rectum (solid arrows). Resection
and pathologic t:xamination rt:vt:akd colonic lymphoma.

colon associated with marked edematous changes and
possible ulceration. Fistulous tracts communicating to
perirectal abscesses or to the perineum may occur.

Actinomycosis

Actinomycosis is an aggressive inflammatory disease,
uncontained by the usual tissue and fascial planes, that
commonly forms multiple sinus tracts. The disease is
bacterial in origin, caused by a gram-positive anaerobic
organism, Actinomyces israelii. When it involves the
colon or rectum, actinomycosis usually is associated
with luminal mass, narrowing, and sinus or fistulous
tracts. The radiological differentiation from colonic
malignancy or diverticulitis can be extremely difficult.

Extrinsic Compression

Colonic luminal narrowing can occur as a result of
extrinsic processes compressing the colon. If the
processes are inflammatory in nature, the compression
accompanied by spasm can result in marked luminal nar­
rowing. Likewise, an adjacent neoplasm with contiguous
spread gives a similar appearance. The usual lesions
that result in compression of the colon to this degree
are pelvic masses compressing the sigmoid region
(Fig. 7-110). A markedly enlarged spleen also can com­
press the region of the splenic flexure, whereas a yery
enlarged left hepatic lobe can depress and displace t1:le
colon (Fig. 7-111).
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A B
Figure 7·110 A 46-year-old woman with constipation and painful defecation. A, ACBE shows
tethered narrowing in sigmoid colon (wbite arrow) and unusual filling defect in cecum (black
arrows). B, cr of the pelvis shows mixed cystic and soUd lesion encasing sigmoid colon (arrow).
A serosal deposit also was seen on the cecum. TIle diagnosis was carcinoma of the ovary with
serosal spread.

Carcinoid Tumor

Figu.re 7·111 Prominent splenic impression along the descend­
ing colon (arrows) simulates an immmumi colonic lesion, such as
a leiomyoma.

Gastrointestinal carcinoid tumors are seen most com­
monly in the appendix and the distal small bowel.
Colonic involvement is uncommon. When it does occur,
the twO most frequent sites tend to be the proximal
ascending colon and the rectum.

The radiological problems posed by thiS tumor are
multiple. It can be a small polypoid lesion or a large,
bulky lesion identical in appearance to colonic carci­
noma. It may present as an area of focal stricture, which
also may be indistinguishable from the common colonic
malignancy. Differentiation between benign and malig­
nant lesions is sometimes difficult when there is no evi­
dence of metastatic disease. TI,e presence of malignancy
in a focal lesion varies from 10% to 40%. In general,
metastatic disease is associated more frequently with
carcinoids of the colon than of the small bowel.

MECHANICAL DIlATATION

Any condition that compromises the colonic lumen
and obsttucts the antegrade flow of the fecal stream results
in proximal dilatation. TIlis includes a wide spectrum
of lesions, including colonic carcinoma, inflammatory
strictures, intussusception, and hernia. Rarely, severe
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Figure 7-112 Typical beaklike appearance of the obstructed
barium column in a patient with sigmoid volvulus.

Figure 7-113
cecum slightly
volvulus.

Plain film of the abdomen shows dilated air·filled
to the left of midline in a patient with cecal

ischemic colitis can result in residual narrowing,
although obstruction is uncommon. Patients with lym­
phoma rarely become obstructed. Colonic adhesions are
rare, but can result in luminal narrowing and proximal
dilatation.

After malignant obstnlctions and obstruction second­
ary to inflammatory stricture, volvulus is the third most
common cause of colonic obstruction. The two most
common forms of colonic volvulus are sigmoid and cecal
volvulus (Fig. 7-112). Cecal volvulus often is associated
with an abnormally long mesentery of the cecum and
ascending colon. This association, along with the fact
that the amount of retroperitonealization of the ascend­
ing colon varies, results in considerable mobility of the
right side of the colon, predisposing to volvulus.
Commonly, volvulus occurs when the cecum twists on
its luminal axis and is displaced upward and to the left
of midline (Fig. 7-113). A barium study often shows the
torsion abnormality and the classic beak configuration
at the obstructed point.

About 10% of cases of cecal volvulus are cecal bas­
cules (Fig. 7-114). This condition differs from the usual
cecal volvulus in that the cecum does not rotate around
its luminal axis, but instead rotates around a peritoneal
band, usually located above the cecum. With a cecal bas­
cule, there tends to be less distention of the cecum and
less migration of the dilated cecum superiorly and to the
left. The origins of the band are unclear, and whether
these are congenital or developmental is unknown.
A congenital origin is favored.

A long, high loop of sigmoid colon on a mesentery
can twist on itself at the mesenteric base, resulting in
a sigmoid volvulus. 111is is a fonTI of closed-loop obstruc·
tion. The hyperinflated sigmoid colon can extend as high
as the diaphragm, and the dilated sigmoid loop has the
classic bean-shaped configuration. SCBE shows a torsion

Figure 7·114 Large ovoid air collection in midahdl.erz
represents a dilated cecum as a result of a cecal bascule.



Figure 7-115 lntussuscepted segment of transverse colon seen
on DeBE. A polypoid carcinoma is acting as the lead point of the
intussusception.

abnormality at the obstnlction point with a beaklike
configuration usually at about the level of the pelvic rim.

Intussusception is relatively uncommon in adults,
and, when it does occur, it should be viewed with some
suspicion (Fig. 7·115). Most adult intussusceptions have,
as their lead point, a neoplastic lesion.

Vimlally any type of herniated segment of colon can
result in obstruction and proximal dilatation. Most
colonic hernias are asymptomatic, however. Incidental
heoliation is commonly seen dUring barium enema
examinations, with portions of the colon in umbilical,
inguinal, or femoral hernias. There can be herniation
through incisional defects or through defects in the

Figure 7·116 Plain film of a teenage patiem with chronic
constipation and abdominal distention reveals markedly dilated
stool-ftiled colon.
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diaphragm. Herniation of colon through the diaphragm
into the pericardial sac in an asymptomatic patient also
is possible. Hernias of co100 between the later.u muscular
layers of the abdominal wall (spigelian hernias) occasion­
ally result in obstruction.

An aganglionic segment of the colon (Hirschsprung's
disease) can result in not only focal narrowing, but also
significant dilatation of the proximal colon. This condi­
tion is congenital and is seen more conlmonly in male
infants. It may not be correctly diagnosed until adoles­
cence or even early adulthood in some individuals.
Classically, patients present with abdominal distention,
marked fecal retention, and failure to thrive (Fig. 7- I 16).
Barium enema examination usually shows a normal
rectum with normal rectal distention. Above the rectum,
there is an area of transition to grossly dilated colon. The
aganglionic segments are almost always focal, although
they can extend upward for several centimeters, and
very rarely the entire colon may be involved.

NONMECHANICAL DIlATATION

TIle presence of marked colonic dilatation without
obstruction is common and has been recognized as a
frequent finding in mentally retarded patients, particu­
larly in institutionalized patients. This colonic dilatation
has been termed psychogenic mega.colon. The exact
causes are unknown. The array of anticholinergic
medications that many of these patients require may
contribute to the siruation.

Colonic dilatation also is a well-recognized compli­
cation of acutely ill, bedridden patients. It is seen
frequently in postoperative patients with prolongation
of the postoperative ileus effect. It also may be seen in
patients experiencing severe sepsis. Acute passive dilata­
tion of the colon, sometimes called Ogilvie's syndrome,
carries with it the risk of perforation of the cecum,
where the colon is the most distensible and the wall is
the thilmest. Colonic dilatation also can be seen as a
result of underlying systemic conditions, such as sclero­
derma, Chagas' disease, cystic fibrosis, and myotonic
dystrophy.

TIle condition known as idiopathic intestinal pseudo­
obstruction is thought to represent a neuromuscular
disorder of the gastrointestinal tract involving all parts of
the gut. Some of these patients have colonic distention
without acute clinical fIndings. Many of these patients
have chronic abdominal complaints, however, including
distention, chronic abdominal pain, and constipation.
A plain fLim of the abdomen often shows marked colonic
distention, and without a clinical history, the radiologist
may need to consider differential diagnoses that include
caloctic volvulus or obstruction secondary to inflamma·
tory or neoplastic disease.
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DIMINISHED HAUSTRAL PATTERN

Numerous conditions, many of which have been
previously discussed, can result in a diIninished haustral
pattern and a tubular appearance of the colon, including
idiopathic inflammatory processes, such as ulcerative
colitis and Crohn's disease, and bacterial and viral
cotitides. In addition, the fold pattern may appear dimin­
ished in scleroderma, in which the haustral pattern
may assume an asymmetric saccular pattern. Similar
changes can be seen in the small bowel. Chronic laxative
abuse and resultant cathartic colon also show a dimin­
ished haustral pattern. Any chronic or healed inflamma­
tory process involving the colon, such as chronic or
healed ulcerative colitis or the chronic stages of radia­
tion colitis, can result in diminished or absent haustral
pattern.

TIllCKENED HAUSTRAL FOLDS

Many conditions can result in varying degrees
of thickening of the haustr-d.! folds. These can be mild
thickening to marked fingerlike indentations of the
bowel margin known as thumbprinting. In gener-JI, fold
thickening and thumbprinting are a result of edema,
hemorrhage, or malignancy. Hemorrhage is seen most
commonly as a cause of thumbprinting resulting from
ischemic colitis. Thumbprinting resulting from intramural
hemorrhage may be entirely indistinguishable, however,
from severe inflammation and marked edematous
changes such as might be seen in fulminating mD or
toxic megacolon. l1'le clinical history is extremely helpful
in sorting out these problems.

Ischemic colitis is a condition seen in elderly patients
(>70 years old). The condition relates to an acute reduc­
tion of the splanchnic blood flow and is commonly seen
in, or distal to, the watershed areas between the inferior
mesenteric artery and the superior mesenteric artery
circulations. More extensive coHtis involving longer
segments is common.

The exact causes for this diminished blood flow may
be multiple. Acute hypotensive episodes, underlying
vasculitides, and mechanical causes such as herniation
or volvulus have been implicated. There is an increased
incidence of patients 'with ischemic colitis who are
undergoing hemodialysis. The rectum is rarely involved
because of the abundant collateral circulation.

The finding of thumbprinting on either a plain ftlm or
during a barium enema examination is most often seen
in the transverse or descending portions of the colon
and represents intramural hemorrhage. This finding is
present in about 20% to 25% of patients. The patients fre­
quently present with painless rectal bleeding. More than

Box 7-7 Characteristics of Toxic
Megacolon

Seen in acute fulminating LBD
Full-thickness process
Breakdown of tissue coht:sion
Passage of bacteria and bacterial toxins across

disrupted mucosal surface
Increased incidence of perforation
All parts of colon may be affected
Dilatation present, but more important radiological

signs are thickened folds and prominent
thumbprinting

half of the cases aFe transient and reversible. Slightly
less than haJf of cases develop complications, usually
focal stricture or, more seriously, bowel necrosis, which
requires surgical intervention. The site of complications
is most commonly in the sigmoid colon.

Toxic megacolon (Box 7-7) is an acute comptication of
fulminating inflammatory disease of the colon that involves
the entire thickness of the bowel waU (Fig. 7-117).
Tissue cohesion is severely impaired, and perforation
is a common result. Toxic megacolon is seen most
frequently as a complication of ulcerative colitis,
although it occurs with less frequency in Crohn's disease
and in bacterial colitis. It also has been reported in
pseudomembranous colitis and ischemic colitis.

Figure 7-117 Plain ftlm of the abdomen in a patient 'with~
IBD shows dilatation of the colon, particularly in the traru."'\C%'!C
region, with thickening and nodularity of the folds typical of
megacolon.



The condition is characterized by a dilated transverse
colon with marked thickening and nodularity of
the haustral pattern. Multiple nodular filling defects
also can be seen promed and en face, representing
pseudopolyps. The reason these changes are seen
mostly in the transverse colon is because the transverse
colon represents the most anterior portion of the colon
in the supine patient. As a result, air gathers in the trans­
verse colon, and the findings are most apparent in tllis
region. Toxic megacolon may involve the entire colon
and portions of the distal small bowel. Additionally, a
few cases of toxic megacolon have been reported in
which the transverse colon is not significantly dilated.
Although radiographically these cases may appear simi­
lar to ischemic colitis, the clinical presentation makes
differentiation relatively easy. Patients presenting with
toxic megacolon are systemically toxic and usually have
a history of IBD.

Although the bariLUll enema has been implicated in
the development of toxic megacolon in patients with
IBD, this probably is more of a temporal relationship
than cause and effect. When presented with plain films
of a severely ill patient with fl11dings suggesting toxic
megacolon, however, contrast examination of the colon
is contraindicated because of the high risk of perforation.

Pseudomembranous colitis also may manifest with
plain films showiog a thickened nodular fold pattern
within the colon. This fInding occurs as a result of
the marked edema and the presence of adherent
pseudomembranes along the mucosal surface. This con·
ditiOLl, although uncommon, can result in a potentially
deadly U1ness. It has been referred to as antibiotic colitis
and is thought to represent a complication of long-term
antibiotic therapy. Clinically, the patient often experiences
diarrhea with occasional bleeding and abdominal pain.
The onset of symptoms is usually within 2 to 3 days after
the start of antibiotic therapy. Although the condition
initially was associated with lincomycin and tetr-....cycline,
it is now kno\vn that virtually any antibiotic can trigger
the disease.

The underlying cause is tbought to represent an acute
change of the bacterial colonic flora and an overgrowth
of the bacterium Clostridium difJicile, which is known
to produce toxins that are absorbed across the colonic
mucosa. The finding of marked bowel wall and haustral
thickening with nodularity and possible thumbprinting
in a patient with suspected pseudomembranolls colitis
should give sufficient warning to the radiologist to avoid
doing a barium enema examination. These patients also
run an increased risk of perforation.

Other conditions that may mimic thumbprinting
include lymphoma, carcinoma, metastatic extension from
the serosal surface, amyloid infiltration of the bowel,
and, in the cecal region, typhlitis. Typhlitis, sometimes
known as neutropenic enterocolitis, is a condition
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Figure 7-118 A young patient with leukemia presents with
right lower quadrant abdominal pain. Barium enema shows inflam­
matory and spastic changes involvi.ng the cecum and a portion of
the ascending colon, representing typhlitis.

occasionally encountered in patients undergoing
treatment for hematological malignancies, particularly
leukemia and lymphoma (Fig. 7-118). Patients are often
neutropenic, and changes are most commonly seen in
the terminal ileum, cecum, and proximal ascending
colon. Marked focal changes of inOammation that can
progress to bowel wall necrosis are the manifestations of
this condition, and the clinical findings may simulate
acute appendicitis.

To an inattentive observer, pneumatosis coli can
simulate the appearance of haustral fold thickening and
possible thumbprinting. Thc haustral folds may appear
thickened and nodular, but careful attention to the films
discloses that this is the result of cystic collections of air

in the bowel wall (see Fig. 7-58).

POSITIONAL ABNORMALITIES

Malrotation

Degrees of colonic malrotation can occur and are
usually of little clinical significance (Fig. 7-119). These
result from the counterclock"vise rotation that occurs as
the midgut returns from the umbilical sac into the
abdominal cavity berween 6 and 12 weeks of embryonic
life. The amount of rotation may be incomplete, and
fixation of the ascending portion of the colon may be
either absent or limited; this can cause considerable
mobility of tl,e cecum and ascending colon. This condition
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Figure 7-119 Barium enema in a patient with malrotation
shows both flexures on the left side of the abdomen. The cecum
is in its expected location.

potentially may predispose to inteolal torsion abnormal­
ities, such as cecal or transverse colon volvulus.
Complete failure of rotation, or nonrotation, is uncom­
mon. When it does occur, the entire colon is seen on the
left side of the abdomen, and the small bowel is seen
on the right side.

Hernias

Hernias, through the inguinal and femoral canals,
can include segments of colon, most commonly sigmoid
colon. Sometimes these can be qUite dramatic (Fig. 7-120).
The cecum and appendix also can be involved. Internal
hernias can involve the colon. These include mesenteric
hernias, diaphragmatic hernias, and even herniation
through the foramen of Winslow into the lesser sac
(Fig. 7-121). Hernias through the diaphragm can occur
as a result of traumatic defects in the diaphragm or as a
result of congenital defects, such as Morgagni's hernia
anteriorly or Bochdalek's hernia of the posterior
diaphragm. These herniations may exist for long periods
with no symptoms. Strangulation or obstnlction of
the bowel can occur, however, and result in a surgical
emergency.

Herniation of portions of small bowel and colon
through the anterior abdominal wall is relatively com­
mon; this includes umbilical henlias and postoperative
incisional hernias. Spigelian hernia is an unusual form of
ventral hernia in which a defect occurs along the linea
semilunaris located in the abdominal wall lateral to the

Figure 7-120 Cecum and appendix are seen in the scrotum
of a patient with a large right inguinal hernia.

rectus abdominis muscle. The herniated portions of
bowel pass through the transverse and internal oblique
muscle layers, but remain beneath the overlying intact
external oblique muscle. As a result, the hernia is
difficult to detect clinically, and frequently there are no
symptoms. Occasional, intermittent abdominal pain is
reported in some patients. Radiographically, bowel seen
on plain mm, CT, or barium enema lying lateral to
the rectus muscle outside the expected confmes of the
peritoneal cavity suggests the diagnosis.

Figure 7-121 A loop of colon seen posterior to the stomach:and.
pancreas (arrows) as a result of herniation through the foramen at
Winslow.



MISCELlANEOUS CONDITIONS

Presacral Widening

The presacral, retrorecral space normally measures
1.5 em or less. Many conditions can result in abnormal
widening of the presacral space, however. Most of
these conditions involve the rectum itself, and abnormal
rectal findings are tlsually present on the barium enema
examination.

The most common cause of presacf"dl widening is
inflammatory disease involving the rectum and colao.
This is a common finding in ulcerative colitis, but also
can be seen in Crahn's disease when it involves the rec­
tum (Fig. 7-122). Fonnation of perirectal fistulous tractS
or abscesses in Crohn's disease can result in further
widening of the presacral space. Other inflammatory
conditions of the rectum, including lymphogranuloma
venereum, radiation proctitis, and viral (e.g., CMV) proc­
titiS, and, rarely, ischemic disease can result in increased
presacral space size.

Neoplastic disease arising from the colon, such as
carcinoma of the rectum, is another important cause of
widening of the presacral space (Fig. 7-123). The most
common malignant lesion is adenocarcinoma, which
usually results in a large, bulky lesion. TIle mass of
the lesion plus the perirectal extension can combine,
however, to cause significant widening of the presacral
space. Other rare malignancies of the rectum include
lymphoma and cloacogenic carcinoma, both of which
may produce similar appearances.

Cystic lesions that contribute to presacral widening
include dennoid cysts (sacral teratoma) and, less com­
monly, rectal duplications (enteric cysts) (Fig. 7-124).
Lesions arising from the sacnlm itself also can contribute
to a widened presacral space (Box 7-8). These include

Figure 7-122 Spot fJ1m of the rectum shows inflammatory
changes of the rectum (curved arrows) associated with widened
presacral space. Also note the small adenomalOus polyp (arrow).
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Figure 7·123 Large bulk-y lesion of the rectum (arrows) with
considerable widening of the presacral space (line) is seen.

infectious processes, such as osteomyelitis of the sacrum,
metastatic disease, primary bone tumors, and netlfo­
genic tumors arising from the sacrum. Chordomas are
seen in the cervical and sacrococcygeal regions of the
spine. TIlese are slow-growing lesions, usually resuJting in
destructive changes in the sacrum, mass effect with ante·
rior extension and displacement of the rectum, and
widening of the presacral space. Malignant neoplastic
lesions arising from structures around the rectum, by
contiguous extension, can encircle and deform the
rectum and widen the presacral space. TIlis condition
is uncommon, but is seen occasionally in prostatic
carcinoma in men and cervical carcinoma in women.

Pelvic abscesses with extension into the pOlIch of
Douglas can result in widening of the presacral space on

Figure 7·124 Presacral space is widened secondary to a rectal
duplication. There is some communication between the enteric
cyst and the bowel lumen, with contrast material seen within the
duplication (arrow).
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Box 7-8 Causes of Widened
PresacraI Space

- -

IBD
Pelvic lipomatosis
Sacral lesions
Perirectal lesions (e.g., prostate and cervical cancer)
Pelvic inflammatory disease

barium enema examination. Although the abscess itself
may not extend beyond the confines of the peritoneal
recess into the actual presacral space, the effect of
adjacent inflammation presumably results in sufficient
edema in the region to separate the rectum and sacral
margin. A common example of this is periappendiceal
abscess with pus collections in the lower pelvic
recesses. Pelvic inflammatory disease and diverticulitis
may have similar effects.

Fistulous Connections and Sinus
Tract Formation

Fistulous connections and sinus tract formation are
the hallmarks of Crohn's disease. Full-thickness involve­
ment of bowel wall by the disease and extension beyond
the wall to the adjacent mesentery ancl mesenteric fat
often result in matting and bonding together of several
loops of bowel. Mucosal ulcerations progress, deepen,
penetrate, and eventually communicate with the adja­
cent adherent loops of bowel; this is frequently seen in
the right lower quadrant, with fistulous tracts between
ileal loops and adjacent ileum, cecum, and ascending
colon. These fistulous communications also can extend
to the skin, particularly in postoperative patients. Enteric­
colonic fistulous formation does not present a problem
in itself and, in some instances, may relieve the potential
for obstmction. The development of abscess cavities
along the tract, the diverting and bypassing of a significant
amount of bowel resulting in malnutrition or extension
of the fistula to the skin or adjacent organs, can represent
serious complications.

Fistulous COffi11uullcations between the stomach and
the colon result from either intlarrunatory or malignant
disease arising in the stomach or colon. The large, pene­
trating benign gastric ulcer (seen in patients taking
steroids or high doses of aspirin) that communicates
with the colon is rarely encountered today. Malignant
lesions arising from the greater curvature of the body
and fundus of the stomach or the splenic flexure of the
colon can form a gastrocol.ic fistula. Patients with chronic
pancreatitis mrely develop a fistulous communication
from the pancreatic duct to the colon (Fig. 7- J25).

Figure 7-125 Endoscopic retrograde cholangiopancreatography
in a patient with chronic pancreatitis. The pancreatic duct is
ectatic and dilated (at'rows). ll1ere is communication with the
splenic flexure of the adjacent colon, and contrast material is seen
on the colonic mucosa (arrowheads), confIrming a pancreatico­
colonic fistula.

Sinus tracts and fistulous communications are
common in patients with diverticulitis. The fistulous
communications are often from colon to bowel loop,
particularly adjacent small bowel. Fistulous tidcts also
may develop between the colon and the vagina or the
bladder. Occasionally, radiation colitis can result in a
fismlous conununication between adjacent bowel or other
stmctures, such as the bladder or vagina (Fig. 7-126).

,

Figure 7-126 SCBE was performed in a patient with f'J.diation
colitis and a narrow fistulous communication (arrowheads) to the
bladder.



Figure 7-127 This is a weU-dcfined example of double-tracking
on a barium enema examination. The narrowed, irregular lumen is
seen (solid nrro'w). Parallel to this is the intramural tract of barium
(open arrow).

A variation of sinus tract formation is the intramural
sinus tract, sometimes referred to as "double-tracking,"
which is most commonly seen in diverticulitis (Fig. 7-127).
This condition also can be seen to a lesser extent in
patients with Crohn's disease. Patients with carcinoma
of the colon also may have short, irregular intramural
sinus tracts (Fig. 7-128).

Actinomycosis with colonic involvement frequently
results in sinus or fistulous tracts and communication

Figure 7-128 A patient with adenocarcinoma of the sigmoid
colon and an apple core type of constricting lesion. Note the
narrowed lumen (soUd m."ow) and the adjacent thin, poorly
defined periJuminal tract (open arrow).
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Figure 7-129 Barium enema examination was perfornxd 10 2­

patient with intraabdominal actinomycosis involving the
colon, with resultant spasm, narrowing, and dcvelopmem of :L

branching sinus tract (arrow) extending from the affected.si,gIIJold
colon.

with adjacent organs or the skin. The blatant disreganl of
Acti110ntyces for fascial planes is a hallmark of itS natur:aJ
history, and fistulous communications are a common
manifestation (Fig. 7-129). Fistula and sinus fon=tlOlll
also is a common finding with lymphogranuJoffi3.
venereum (Fig. 7-130).

Appendix

The normal appendix originates between the
tip and the ileocecal valve. It is a structure of \<lri:Ibk
length, measuring 4 to 12 cm (Fig. 7-131). In approxi­
mately 25% of cases, the appendix may be retrocecal in

pOSition, and the tip of the appendix occasionally ID'l'
be located in the right upper quadrant of the abdomen
below or at the margin of the liver. Filling of ~
appendix during a barium enema study occurs in
approximately 60% of cases. If a postevacuation film -­
obtained, one can expect to see additional filling in

another 20% to 25% of patients.
The most common condition of the appendix -­

appendicitis, resulting from occlusion of the appar
diceal lumen by a fecalith and development of in1bm­
matory changes within the obstructed appendi:x
(Fig. 7-132). The appendiceal wall becomes thickenol..
hyperemic, and edematous (Fig. 7-133). Clinical p=
tation usually suggests the diagnosis. Progression
the inflammatory process can result in perforation \tiI::h



Figure 7-127 TItis is a well-defined example of double-tracking
on a barium enema examination. TIle narrowed, irregular lumen is
seen (solid arrow). Parallel to this is the intr.tmural tract of barium
(open arrow).

A variation of sinus tract formation is the intra.mural
sinus tract, sometimes referred to as "double-tracking,"
which is most commonly seen in diverticulitis (Fig. 7-127).
This condition also can be seen to a lesser extent in
patients with Crohn's disease. Patients with carcinoma
of the colon also may have shoft, irregular intramural
sinus tracts (Fig. 7-128).

Actinomycosis with colonic involvement frequently
results in sinus or fistulous tracts and communication

Figure 7-128 A patient with adenocarcinoma of the sigmoid
colon and an apple core type of constricting lesion. Note the
narrowed lumen (solid arrow) and the adjacent thin, poorly
defined periluminal tract (open arrow).
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Figure 7-129 Barium enema ex.unination was performed in a
patienr with intraabdominal actinomycosis involving the sigmoid
colon, with resultam spasm, narrowing, and development of a
branching sinus tract (arrow) extending from the affected sigmoid
colon.

with adjacent organs or the skin. The blatant disregard of
Actinomyces for fascial planes is a hallmark of its natural
history, and fistulous communications are a common
manifestation (Fig. 7-129). Fistula and sinus formation
also is a common finding with lymphogranuloma
venereum (Fig. 7-130).

Appendix

The normal appendix originates between the cecal
tip and the ileocecal valve. It is a stnlCture of variable
length, measuring 4 to 12 em (Fig. 7-131). In approxi­
mately 25% of cases, the appendix may be retrocecal in
position, and the tip of the appendix: occasionally may
be located in the right upper quadrant of the abdomen
below or at the margin of the liver. Filling of the
appendix during a barium enema study occurs in
approximately 60% of cases. If a postevacuation film is
obtained, one can expect to see additional ftlling in
another 20% to 25% of patients.

The most common condition of the appendix is
appendicitis, resulting from occlusion of the appen­
diceal lumen by a fecalith and development of inflam­
matory changes within the obstructed appendix
(Fig. 7-132). The appendiceal wall becomes thickened,
hyperemic, and edematous (Fig. 7-133). Clinical presen­
tation usually suggests the diagnosis. Progression of
the inflammatory process can result in perforation with
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Figure 7-130 Spot ftlm of a patient with lymphogranuloma
venereum shows marked irregularity and ulceration of the rectal
margin (open arrow) and prominent bilateral perirectal sinus
tracts (white an-ow).

periappendiceal abscess formation or free perforation
and generalized peritonitis (Fig. 7-134). On barium
enema, spasm at the cecal tip or mass effect from the
adjacent abscess may be the expected findings.
Incomplete filling of the appendix during barium enema
does not exclude appendicitiS. Complete filling and
demonstration of the bulbous tip of the appendix rule
out the diagnosis, however.

CT is now considered the examination of choice in a
patient with potential appendicitis. cr evaluation of the

Figure 7·131 Note the barium-Hlled nannal apptndix (arrows)
in the subcecal area.

Figure 7·132 This patient has acute appendicitis with soft
tissue density and stranding around the appendix. Note the large
appendicolith.

right lower quadrant of the abdomen shows changes of
appendicitis from wiSps of stranding in the periappen­
diceal, fat·thickened appendiceal wall to frank abscess
formation. cr is far more sensitive than any other imaging
tool currently used.

Crohn's disease of the terminal ileum or cecum by
extension also may involve the appendix (Fig. 7-135).
Isolated appendiceal involvement is extremely rare.

The most common cause of a filling defect at the
tip of the cecum is previous appendectomy with an
inverted appendiceal stump. Frequently, this inverted
stump is smooth and in its expected location.
Occasionally, the stump can appear lobular and require
colonoscopy to differentiate it from a neoplasm.
Occasionally, a tnle neoplasm is found arising from the
appendiceal stump. There is no reason to suspect that
this is any more than coincidental, and there is no
evidence to suggest any increased risk of malignancy at
the site of the inverted stump. Occasionally, a mling
defect at the base of cecum, sometimes with concentric
circles arising from the center of the filling defect, can
be seen and is the result of appendiceal intussusception.
This defect frequently is asymptomatic and transienL
although occasionally it can be associated with acute
appendicitis. A similar "coil-spring" appearance also can
be seen after appendectomy.

A mucocele of the appendix is another cause of
a filling defect at the appendiceal origin. The most widely
held cause for this condition is aseptic obstruction of the
appendiceal lumen with mucus accumulation and cyst
formation. Most of these lesions are asymptomatic.
Occasionally, the mucocele can calcify in its wall.
Rupture of an appendiceal mucocele can lead to the
condition known as pseudomyxoma peritonei, in which
spillage of the mucocele content results in massive
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A B
Figure 7·133 A, Subtle changes of appendicitis are seen. Note the thickening and stranding
around [be appendix (arrows). B, This is mild appendicitis.

accumulations of thick, gelatinous, adhesive type of
ascites. A rare type of appendiceal mucocele is myxo­
globulosis, in which numerous, tiny cohesive translucent
globules are mixed with the liquid mucous content of
the mucocele. These globules can calcify and, on posi·
tional views of the abdomen, may be seen to move
within the mucocele.

The most common appendiceal neoplasm is the car·
cinoid. The appendix is the most common site of carci­
noid development within the gastrointestinal tract. More
than 90% of gastrointestinal carcinoids arise from either
the appendix or the distal ileum. TIlese lesions are
almost always benign and rarely cause the carcinoid
syndrome. TIle discovery is usually incidental during
surgery or autopsy.

Figure 7-134 Pelvic abscess after ruprured appendix. There
is pus (arrows) in the pelvis and bowel wall thickening of the
adjacent loops of small bowel.

Primary malignant neoplasm of the appendix is
unusual and is invariably adenocarcinoma. Frequently,
adenocarcinoma results in gradual luminal obstruction
and may manifest as acute appendicitis. The diagnosis
is frequently intraoperative or postoperative.

Acute Appendagitis

Acute epiploic appendagitis is caused by torsion of the
epiploic appendices, which are small pouches of fat-filled
peritoneum protnlding from the serosal surface of the
colon. They can be seen from cecum to sigmoid colon.

Figure 7·135 SPOt ftlm of [he cecum in a patient with Crohn's
disease. Inflammatory involvement of the cecum, more severe on
its medial aspect around the origin of the appcndLx, is seen. TIlere
is also involvement of the first severdl centimelers (clrrows) of the
appendix.
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They may be seen as lobulated masses of pericolic fat
3 to 5 cm long and 2 cm thick. The exact cause of epiploic
appendagitis is uncertain. It has been postulated that
torsion of the epiploic appendagitis may be the cause.
Clinical fmdings are nonspecific and include mild to
moderate abdominal pain, mild fever, and mild elevation
of white blood count. Before the use of ultrasound, this
condition was almost never identified before surgery,
and patients were misdiagnosed with appendicitis or
diverticulitis. The most common site is sigmoid colon,
and the second most common is cecum. Computed tomo­
graphic findings include small hypodense mass and fat
stranding along the external colonic wall (Fig. 7-136).

Ueocecal Valve Enlargement

The appearance of the ileocecal valve varies from a
small polypoid filling defect on the first transverse fold
within the colon to the more typical, liplike valvular
configuration (Fig. 7-137 and Box 7-9). The normal valve
also may have a rosette configuration (Fig. 7-138). It is
commonly located on the medial side of the cecum,
along the first complete colonic haustral fold, although
there can be variation. The valve can be seen on the
lateral margin of the cecum in some patients. The size
of the normal valve also can vary. The upper limit of
normal for the vertical diameter of the valve is probably
3 to 4 em. Generally, the valve should be measured during
full cecal distention. It is common to see prominence of
the valve on a postevacuation film compared with the
distended cecal views (Fig. 7-139). This is because there
are degrees of ileal prolapse through the valve when the
cecum is collapsed, accentuating the size of the valve.

Reflux of barium across the ileocecal valve into the
terminal ileum is a common phenomenon on SCBE,

probably occurring in more than 75% of the cases. Tilis
is not the case with double-contrast technique, and

Figure 7-136 Patient with epiploic appendagitis. Note indis­
tinct small mass and fat stranding adjacent to cecal wall (arrows).

Figure 7-137 Spot film from a barium enema examination
shows dle normal and most common configuration of the ileocecal
valve. Note the smooth V-shaped configuration of the valve
(arrows) and the normal bird's-head configuration of the terminal
ileum (arrowlJeads) as it enters the valve.

reflux into the terminal ileum with obscuration of the
sigmoid colon occurs with considerably less frequency.
The exact reason is unclear. It may relate to the smaller
amounts and the more viscous nature of the barium used
in double-contrast work.

The most common benign neoplastic lesion of the
ileocecal valve is the lipoma, which is seen as a rounded,
well-circumscribed, smooth mass arising from one of the
valvular lips. This mass should be differentiated from
lipomatous valvular infiltration, which is not a neoplastiC
process (Fig. 7-140). In the latter condition, the valve
may appear large and lobulated along both lips. There is

also a change of valvular configuration with compression..
The diagnosis can be confirmed with CT of the cecum.
in which the fat density can be seen easily. Benign
adenomas and adenocarcinomas can arise from the

Box 7·9 When the Valve Looks Big:
Ueocecal Valve Enlargement

Normal variation
Valvular lipomatosis
Lipoma of the valve
Adenomatous polyp involving the valve

Carcinoma
Inflammatory changes



Figure 7·138 Note rosette appearance of normal ileocecal
valve (arrows) and barium in distal temlinal ileum and in ileocecal
valve (at"rowlJead).

ileocecal valve. Similar to most cecal or right-sided
lesions, a valvular malignancy can grow to sizable
proportions before becoming symptomatic, as a result
of the fluid nature of the bowel content at this level
(Figs. 7-141 and 7-142).

Inflammatory changes involving the terminal ileum
and the cecum also can involve the valve. This is partiC­
ularly the case in Crahn's disease, in which involvement
of the ileocecal valve frequently indicates involvement
of the terminal ileum. Yersinia, which involves the

Figure 7·139 cr shows filling defect, or colonic lesion, in the
cecum (straight arrow). Colonoscopy was normal. The finding is
pscudomass of the cecum resulting from some prol:lpsc of valve
and distal ileum (curved arrow) in undistendcd cecum.
Pseudomasses disappear with cecal distention.
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Figure 7-140 A patient with Lipomatous infiltration of the ileo­
cecal valve. The valve is enlarged and nodular. Compression may
cause the valve to change shape.

distal ileum, also may result in inflammatory changes of
the valve.

In ulcerative pancolitis, inflammation in the cecal
region can result in incompetence of the valve and unim­
peded reflux into the teoninal ileum. The ileum tends to
appear large and distended (backwash ileitis), but is
usually not involved in the primary inflammatory
process. Inflammatory conditions that involve the

Figure 7·141 A large polypoid carcinoma arising from the
ileocecal valve. Notc the narrowing of the lumen (arrow) of the
cecum at this level.
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Figure 7-142 An anemic patient examined 'with barium enema
was found to ha"e a lobulated lesion arising from the ileocecal
valve (arrow~'), which proved to be a villous adenoma.

ileocecal region, including tuberculosis, amebiasis, and
typhoid fever, also can involve the ileocecal valve.

Defecography

In modem \Vestem society, the number of patients
with complaints of defecation problems is increasing.
Serious evaluation of this clinical problem began in
the 1980s and 1990s. Radiographically, the method
that has been used mOSt frequently is defecography,
which is sometimes called evacuation proctography.
Defecography is the rddiographic dynamic assessment of
the patient dUring defecation. Technically, the rectum is
fuled with a thick, viscous barium material. The material
is so thick that it must be injected into the rectum by use
of a caulking gun. Before this step, the patient ingests
thin barium orally to opacify the lOOps of smaU bowel in
the pelVis. In women, the vagina also may be opacified
through use of a radiopaque gel or a tampon soaked with
contrast material. The patient is placed on a radiolucent
commode, which is attached to the fluoroscopic table.
This commode is commercially available and made
of plastic. Radiographs in the lateral projection are
obtained. Before the patient defecates, lateral views are
obtained with the patient at rest, during straining but
without defecation, and with voluntary contracting of
the pelvic musculature. The patient is then asked to
defecate, and sequential fUms or, preferentially, video­
tape recording of defecation is obtained. Sequential f:L1ms
can be acquired with a IOS-mnl camera; this also can be

acquired digitally, if a digital fluoroscopic unit is avail­
able. Some authorities believe that acquiring the image
on videotape is all that is necessary. The use of videotape
in this examination is cruciaL

Several measurements can be made from the images.
The most commonly used is the anorectal angle. The
anorectal angle is measured by drawing one line through
the anal canal and another along the posterior wall of
the rectum. The anorectal angle is created by the c.on­
traction of the puborectalis muscle around the anorectal
region. At rest, this angle measures about 90 degrees and
is rarely greater than 120 degrees. TIle angle becomes
greater on str:ai.ning and becomes smaller when the
patient is asked to squeeze or lift the buttocks. When the
patient defecates, this angle becomes quite obtuse and
approaches 180 degreeS. The use of measuring angles
in defecography has been seriously questioned as to
their validity, however. Another angle measurement
commonly associated with defecography is the level of
the anorectal junction. It is measured according to its
relationship to the ischial tuberosities, which are usually
visible on the images. The validity of tlus measurement
is in doubt.

Abnormalities
Defecography is used to evaluate patients with evac­

uation problems. Often there is no other examination
option except defecography for some of the conditions
that may be encountered. Although there has been some
discussion in the literature of MIU defecogidphy, it is a
topiC of research interest rather than practical applica­
tion. The most commonly seen abnormality on dcfecog­
raphy is the rectocele. A rectocele is an outpouching of
the rectal wall occurring anteriorly, and although it can
be evaluated clinically by physical examination, defecog­
raphy gives a dynamic picture of its effect on rectal
evacuation (Fig. 7-143). Rectocele is believed to be due
to a weakness of the rectovaginal septum. It is such a
common finding in women that some authorities belie"e
that only larger rectoceles that sequester barium (>3 em)
should be mentioned and that smaller rectoceles are
probably of little clinical consequence. Sometimes there
is also internal rectal prolapse, and the material in the
rectocele becomes separated from the rectum and can·
not be emptied. In this circumstance, the patient often
complains of incomplete evacuation.

Sometimes portions of the small bowel or even the sig­
moid colon may descend or herniate i.nto the pouch of
Douglas. When this occurs, the small bowel or sigmoid
colon may descend between the anterior wall of the
rectum and the vagina, which is tenned an enterocele
(Fig. 7-144). If it is the sigmoid colon, it is termed 3

siglnoidocele. In both circumstances, the patient
may feel abnormal pressure on the perineum durin.....
defecation.



Figure 7-143 Lateral view during defecation. The large bulge
along the anterior wall of the rectum during rectal contraction
indicates the presence of a rectocele. The sma.ll bowel loops that
arc opacified by orally ingested barium are descending quite low
in the pelvis, indicating an enterocele.

Rectal prolapse or intussusception is an invagination
of the rectal mucosa toward or through the anal canaL
The invaginated mucosa may just be a portion of the
rectal wall (usually anterior) or the entire circumference
of the rectum. It starts in the mid to lower rectum
near the valves of Houston. This invagination can be
seen as a slight ring developing in the lower rectum
and is often of little significance. It may extend down
toward the anal canal, however, and sometimes obstruct

Figure 7·144 This patient had prominent descent of a large
enterocele through the vaginal introitus during straining.
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Figure 7-145 During defecation, a portion of the rectal mucosa
invaginates lOward the anal canal. Note that a portion of the rcctal
lumen becomes pinched off anteriorly. This indicates the presence
uf intemal intussusception or prolapse.

defecation (Fig. 7-145). When it is quite severe, it can
prolapse through the anal canal and can be seen exter­
nally (Fig. 7-146). These patients often manually reduce
this intussuscepted plug of mucosa to continue defecat­
ing. With internal rectal prolapse, damage may occur to
the mucosa of the rectt1111, producing ulceration, or the
so-caUed solitary rectal ulcer syndrome. The diagnosis of
enteroceles/sigmoidoceles and internal rectal proplapse
can be confirmed only with defecography. The solitaly
rectal ulcer syndrome is just a sequela of repeated internal
and even external rectal prolapse.

The puborectalis muscle has an important function in

maintaining proper rectal function at rest and during
defecation. At rest, the puborectalis function is believed

Figure 7-146 After defecation, a massHke soft tissue density is
seen cxLemal to the anus. It is coaled \vith barium. This is dut:" to

external prolapse of rectal mucosa.
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to be more important in maintaining rectal continence
than is the anal sphincter. Patients who are incontinent
often have poor puborectalis contractility. Also, when
the patient defecates, the puborectalis must relax. Ii this
relaxation does not occur, the patient has a great deal
of difficulty defecating, often with resultant pain. This
is sometimes called a spastic pelvic floor.

As mentioned previously, the pelvic floor is deter­
mined by the relationship of the anorectal junction to
the ischial tuberosities. In younger patients, the anorec­
tal junction may be above the ischial tuberosities,
whereas in older patients it is at or below the tuberosi­
ties. During defecation, the anorectal junction descends
for 2 to 4 em. If the descent is 5 em or greater, it can be
considered abnormal. In some individuals, this descent
may cause pudendal nerve damage and eventual rectal
incontinence. Patients with incontinence often have an
exaggerated movement of the pelvic floor on defecation.

Occasionally, the posterolateral wall of the rectum
may herniate through the pelvic floor musculature, fann­
ing a posterolateral pouch. This herniation occurs in
individuals with excessive straining during defecation.
It may produce symptoms of a palpable bulge in the
buttocks and incomplete evacuation.
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HERNIAS

A hernia is the protrusion of an organ through an
opening or aperture that can exist normally or can be
due to congenital, developmental, or acquired causes.
Within the abdominal cavity, we tend to consider hernias
only when portions of bowel protrude abnonnally through
some opening because most hernias are manifested
through the symptoms of bowel obstruction, ischemia, or
related complications. Only a few hernias are discovered
incidentally. With the increasing use of cross-sectional
imaging, it is common to encounter asymptomatic
hernias. Henlias can contain omentlUTI rather than bowel;
even solid viscera can be within a hernia, which also can
produce symptoms. A hernia in which only one side of
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the bowel is involved in the herniation is referred to as
Richter's hernia. An example of Richter's hernia would
be the inferior cecal margin in an inguinal hernia.

Diaphragmatic Hernias

Esophageal Hiatus
Of diaphragmatic hernias, those through the esophageal

hiatus are the most common. These types of hernias are
discussed in Chapter I.

Foramen of Bochdalek
TIle posterolateral portion of the diaphragm is the last

portion of the diaphmgm to fuse during fetal develop­
ment. This fusion typically occurs during week 8 of
gestation by fusion of the pleuroperitoneal membrane.
If this membrane fails to close before the intestines
return to the abdominal cavity, a herniation of intestinal
loops can result through what is called the foramen of
Bochdalek. \Vhen significant portions of the intestines
herniate into the hemithorax, they usually do so on
the left side. If sufficiently large, herniation interferes
with lung development, resulting in pulmonary hypo­
plasia on the affected side. Some of these defects can be
apparent in utero by ultrasound examination or detected
in a neonate because of respiratory distress. \Vhen
the hernia is quite small and contains only portions of
retroperitoneal structures, it is unlikely to produce
symptoms; hernias usually are discovered by chance in
adulthood (Fig. 8-1). These defects are situated postero­
laterally and sometimes detected on chest radio­
graphs as a small protrusion of the posterior aspect
of the diaphragm. They typically are encountered on
the left side because the liver on the right side blocks
passage of material through the defect unless the defect
is fairly large. Bochdalek hernias are more common in
males.



Figure 8·1 CT of the lower chest sho\vs intrdabdominal fat her·
niated through the for,Huen of Bochdalek into the left posterior
costophrenic angle.

Foramen of Morgagni
The foramen of Morgagni is a retrosterna] or paraster·

nal hernia produced by small clefts between the muscle
fibers of diaphragm that arise from the sternum and the
costal cartilages. A triangular portion of diaphragm can
exist that does not contain any muscle and through
which the internal mammary vessels can pass. In contrast
to the Bochdalek hernia, the Morgagni hernia is seen
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more frequently on the right side because the presence
of the heart on the left side tends to block its develop-­
ment. The Morgagni hernia also typically does not
become apparent until adulthood, even though it is a
developmental defect. Additional mechanisms, such as
increased intraabdominal pressure, obesity, and related
conditions, must be present for the abdominal contents
to herniate through the defect. The hernia sac also fre­
quently contains omentum, and only the largest
Morgagni hernias contain portions of bowel (often stom­
ach). Most Morgaglli hernias are asymptomatic and iden­
tified only as masses in the right cardiophrenic region
that contain fat or portions of bowel (Fig. 8-2). They can
extend, although rarely, into the pericardial sac. As pre­
viously stated, most are asymptomatic, although henlias
containing portions of bowel have been known to pro·
duce bowel ischemia; surgical intervention usually is
considered in those patients. Bochdalek hernias occur in
males, posteriorly and on the left, whereas Morgagni
hernias occur anteriorly on the right.

Acquired Hernias
Traumatic diaphragmatic hernias resulting from high­

speed motor accidents and penetrating trauma are an
increasingly diagnosed entity. Despite the increased inci·
dence, less than half of diaphragmatic hernias are diag­
nosed at the time of injury, which can cause significant
morbidity and mortality. The mechanism of injury in
blunt trauma is due to a rapid increase in intraabdominal
pressure at the time of the trauma, with transmission of
the pressure to all portions of the abdominal cavity.

B
Figure 8·2 A, Chest film with 'widened cardiac silhouette and density at right lung base.
B, Barium enema shows bowel (colon) within the pericardium through a large diaphragmatic defect.
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Because the diaphragm is relatively weaker than other
portions of the abdominal cavity, it is the most likely to
tear as the result of a sudden increase in intraabdominal
pressure. These traunlatic diaphragmatic tears are more
frequent on the left side for several reasons. First, the
liver to some extent protects the right diaphragm from the
increase in pressure. Second, the left hemidiaphragm is
relatively weaker than the right. In penetrating trauma,
the diaphmgmatic defect occurs at the site of injury, and
no special predilection exists for site. These defects may
be overlooked initially because of the seriousness of
other injuries the patient may have received.

Although the diaphragmatic defect can occur with
the injury, the actual herniation of abdominal contents
can be delayed for varying lengths of time, which gives
rise to the patient's symptoms. The gradual herniation of
intraabdominal contents is due to the negative intratho­
racic pressure generated by respiration and the inter­
mittent waves of intraabdominal pressure generated by
everyday activities. At the time of injury, a henlia may
not be present, but the patient may return several years
later with hel11iation of abdominal contents into the lower
chest (Fig. 8-3). Because of the gradual development of
the "delayed" herniations, the patient's symptoms can
be vague; nonspecific abdominal or lower chest pain is
typical. Eventually, this pain can culminate in ischemia
of the herniated stmctures, and surgical repair is war­
r.mted when the diaphragmatic tear is discovered. As
with the other diaphragmatic hernias, omentum, bowel,
and even solid viscera can herniate into the lower chest.
Acute tramnatic injury of the diaphragm can be difficult to
diagnose, even on MDCT examinations.

Anterior Abdominal wall Hernias

Acquired Hernias
Most hernias through the anterior abdominal wall are

iatrogenic, the result of previous surgical intervention in
the abdominal wall. Although hernias develop in only a
small percentage (::;5%) of surgical patients, that number
becomes enormous when one considers that several mil­
lion abdominal surgeries are performed in any given year.
The use of laparoscopic techniques will not have much
effect on the development of hernias. Many cases of her­
nias through the laparoseopie holes left in the abdominal
wall have been encountered.

Most iatrogenic hernias develop in the first few
months after the surgical procedure. There is failure of
complete healing of the fascial layers of the abdominal
wall, with weakness of the underlying muscular layer, as
a result of the procedure. Many of these hernias are the
result not of poor surgical technique, but r.nher obesity,
poor musculature, or other predisposing conditions that
hinder the healing process. With laparoscopic teclutiques,

Figure 8-3 Upper gastrointestinal examination shows the fundus
of the stomach herniating through the central portion of the
diaphragm and not the esophageal hiatus because of a posttmumatic
diaphragmatic injury with delayed hemiation of abdominal contents.

the defects through the abdominal wall are not closed
with a multilayer technique, and inherent weaknesses in
the wall are produced. Although the openings are quite
small, omentum or loops of bowel can herniate into
these openings before they have a chance to close.

Postprocedural abdominal hernias often become
apparent within 1 year of the surgical procedure, although
some remain silent for many years (Fig. 8-4). With the
increasing lise of cross-sectional techniques, asymptomatic
occult herniations are commonly found in the abdominal
walL As with other hernias, the symptoms depend on the
size of the hernia and the abdominal contents that are
herniated. Smaller hernias are more likely to incarcerate
loops of bowel ,md lead to str<mgulation and ischemia:
the size of the hernia has no direct relationship to the
severity of the clinical condition. A very small hernia
may contain only half the wall of the bowel, the previ­
ously described Richter's hernia (Fig. 8-5). These typica!h­
do not obstnJet, but they can be associated with nonspecific
abdominal symptoms.

A few acquired abdominal wall hernias result from
penetrating trauma or other causes of abdominal wall
injury with resultant injury to the layers of the abdominal
wall and development of weaknesses. This condition is



Figure 8.4 cr of the lower abdomen shows an ineisional her­
nja containing loops of small bowel loeared in rhe midline of lhe
lower abdomen.

encountered primarily with severe penetrating injuries
to the abdominal wall; underlying conditions such as
obesity often exist as well.

Ventral Hernias
Ventral hernias occur in the anterior or lateral abdom·

inal wall Most of these occur in the midline, through a
defect in the aponeurosis that forms the linea alba. Hemias
located superior to the umbilicus are called epigastric,
whereas hernias inferior to the umbilicus are called
hypogastric. The superiorly located ventral hen1ias are
much more common than those located inferior to the
umbilicus. Mediolateral ventral hernias are the most
infrequently encountered. Preceding surgery or other
trauma often can predispose to their development.

Figure 8-5 A loop of small bowel partially emcrs a hernia along
the left flank. Only one waD of rhe bowel is involved, a so-calJed
Richter's hernia. (Courtesy of Duane Mezwa, MD.)
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Umbilical Hcrnias
Defects in the abdominal wall adjacent to the umbili­

cus are frequent occurrences, especially in infants. Many
umbilical hernias encountered in neonates sponta·
neously disappear with time. Some of these infantile
umbilical hernias contain lOops of bowel and fail to close,
necessitating surgery in some instances. Omphaloceles
are not true umbilical hernias in that the bowel never
returns to an intraabdominal location during develop­
ment. A second peak of umbilical hernias typically
occurs in middle age and is associated with multiple
pregnancies, obesity, aScites, or other conditions with
increased intraabdominal pressure. These hernias can
become large and contain omentum and loops of bowel.
Surgery is often necessary if the bowel becomes incar·
cerated within the hernia sac.

Spigelian Hernias
An uncommon hernia of the anterior abdominal wall

is the so-called spigelian hernia, named after the physi­
cian who first described this entity. TItis hernia is the
result of a weakness of the linea semilunaris, which is
the fibrous sheath of tissue between the rectus abdo­
minis muscles and the transverse and oblique abdominal
muscles of the lateral abdominal wall. A weakness may
exist along this aponeurosis that allows portions of
bowel to herniate into the anterior abdominal wall.
Typically, the loops of bowel dissect laterally through
the abdominal wall .md are visible as they project
beyond the lateral confines of the abdomen (Figs. 8-6
and 8-7). They may be asymptomatic or be the source of
vague abdominal symptoms. These can be difficult to
diagnose by physical examination but are readily appar·
ent on computed tomography (CT).

Figure 8-6 A loop of smaU bowel in rhe right aorerior, lateral
abdomen is herniating through rhe linea scmilunans. This is a
spigelian hernia.
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Figure 8-7 Barium enema shows the sigmoid colon herniating
through a spigelian hernia in the left flank.

Lumbar Hernias
A rare flank herniation is the lumbar hernia. Superior

and inferior lumbar spaces exist, called the Grynfe1tt­
Lesshaft and Petit triangles. The inferior lumhar space of
Petit has as its inferior border the top of the iliac crest, and
these henlias are encountered in that location (Fig. 8-8).
TIle superior ltunbar space of Grynfeltt-Lesshaft has as its
superior border the 12th rib. These henlia.o;; can contain
retroperitoneal structures or sometimes loops of bowel,
and they are hest shown hy CT. They are typically seen on
the left side and are thought to be more common among
middle-aged men.

Figure 8-8 A portion of retroperitoneal fat is herniating
through Petit's triangle along the right posterior flank, producing
a lumbar hemia. (Courtesy of Duane Mezwa, MD.)

Pelvic Hernias

Inguinal Hernias
The most common type of abdominal hernia is the

inguinal hernia. This type accounts for most detected
hernias, and its repair is one of the most common surgical
procedures. The most common type is the indirect
inguinal hernia, which develops from the embryologic.al
formation of the pelvic stnlctures. During movement of
the testis into the scrotum, a peritoneal extension called
the processus vaginalis accompanies the testis. In females,
it follows the round ligament. This peritoneal communi­
cation is usually closed in utero; however, it may persist
in one third of infants and a smaJler number of adults.
The persistence of the processus vaginalis allows the
subsequent development of an indirect inguinal hernia
in certain circumstances. When the processus vaginalis
persists, abdominal contents can slide into the scrotum
and less frequently into the lahia majora. Loops of howel,
omentum, and even bladder or ureters have been known
to extend into these ingUinal hernias. Obstruction, incar~

ceration, and strangulation are known complications of
this type of hernia.

Conversely, the direct inguinal hernia is a direct protru­
sion through the lower abdominal wall in a weak area
medial to the epigastric vessels. TIlese helnias are short, do
not extend into the scrotum, and are usually asymptomatic
because of the nature of the hernia sac. They are much
more common in men and are rarely seen in women or
children.

Femoral Hernias
The femoral hernia is a much more common compli­

cation in women and is rarely seen in children and men
(Fig. 8-9), These hernias hegin lateral to ti,e pelvic tubercle
and below the inguinal ligament. Omentum or loops of
bowel can protrude through the hernia, and these hernias
are much more prone to incarceration or strangulation
than inguinal hernias. Although femoral hernias can be
difficult to diagnose, barium studies show a loop of
bowel projecting over the femoral head much more
lateral than what is seen with an inguinal hernia.

Sciatic Hernias
Sciatic hernia is an uncommon hernia that protrudes

through the sciatic foramen (Fig. 8-10). This is actu~
the greater sciatic notch that has this complication and
is the pathway for the sciatic nerve, gluteal vessels and
nerves, and pyriformis muscle into the buttocks. This
rare hernia often contains the distal ureter and sometim~

a loop of bowel; hecause of this, it is more frequenll!
diagnosed on intravenous urography. CT may show _
loop of bowel extending laterally hehind the acetahul
and hip joint.



Figure 8-9 A loop of small bowel projects over the femoral
head in a femoral hernia. Note the constriction of the lumen.
Femoral hernias produce obstructive changes more frequently
than do inguinal hernias.

Obturator Hernias
An obscure pelvic hernia is the obturator hernia. The

obturator nerve and vessels course through the obturator
foramen. CT may show a loop of bowel between the
pectineus and obturator muscles; otherwise, this hernia
is extremely difficult to diagnose. Obturator hernias are
seen predominantly in women and in elderly individuals.
They are more common on the right side.

Perineal hernias are defects in the floor of the pelvis
through which a portion of bowel or rectum can
herniate. TIlese are found more frequently among older

Figure 8-10 Diagram of the pelvic inlet. Hernias of the pelvis
occur through preexisting openings or spaces in the pelvic
structures.
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Figure 8-11 During a barium enema, the left portion of the rcctWl1
(armw) herniates through the pelvic floor into a perineal hernia.

women (Fig. 8-11). Weakness of the pelvic floor muscu­
lature, along with multiple births and even surgical
procedures, is thought to predispose perineal hernias.

Internal Hernias

An internal hernia occurs when an abdominal stnlcture
passes through an opening or defect within the abdo­
minal cavity and moves into another compartment of the
abdomen. The stnlCture itself does not lead out of the
abdominal cavity, but idther takes up residence in another
portion of the abdomen where it should not be. The open­
ings within the abdominal cavity can be naturaUy occur­
ring or congenital or acquired defects.

Paraduodenal Hernias
The most common of the intenlal hernias is the paraduo­

denal hernia, more commonly found in men. Two types
of paraduodenal hernias exist, with the left paraduodenal
hernia more eommon than the right. The left parJduo­
denal hernia involves the fossa of Landzert and occurs just
lateral to the fourth portion of the duodenum. Small bowel
loops pass into the left upper quadrant behind the fourth
portion of the duodenum and transverse mesocolon.
These loops of bowel can become fixed in that location
and produce symptoms such as recurrent pain and distention.
Ischemia is the most serious complication of this hernia.
Barium studies can show a fIxed portion of small bowel
in a sequestered cluster in the left upper quadrant. CT
can show similar fIndings and show distortion of the
mesentery and displacement of mesenteric vessels.

The right paraduodenal hernia occurs through the
fossa of Waldeyer. This orifiee is behind the superior
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Figure 8~12 In t:his patient with a right paraduodenal hernia,
the duodenum is displaced to the left, and there is a fL'(ed loop of
small bowel in the right upper quadrant.

mesenteric artery and inferior to the third portion of the
duodenum. The herniated bowel occurs below the right
side of the tr.msverse mesocolon. On barium studies)
a rounded clump of small bowel loops can be seen laterJ1
to the descending duodenum (Fig. 8-12). Stretching of
the mesentery and vessels occurs, and this can be seen
with angiography or CT (Fig. 8-13).

Foramen of Winslow Hernias
The foran1en of Winslow is the orifice by which con­

tents of the lesser sac communicate with the rest of the
peritoneum. This is a relatively rare hernia and depends
on the size of the foramen and the mobility of the bowel.
Henliation through the foramen of \Vinslow is usually
done by the small bowel and less commonly by the gall­
bladder, kidney, or large bowel (Fig. 8-14). Barium studies
can show loops of bowel protruding into the lesser sac.

Figure 8-13 cr shows dilated bowel loops in the right upper
quadrant. Incarcerated bowclloops an; shown in a right paraduo­
denal hernia, with resultant obstmction.

Figure 8-14 The gastric bubble is shown in this plain film of
[he abdomen (arrow). Note the air-filled colon behind the stom­
ach in the lesser sac (arrowheads).

Transmesenteric Hernias
Transmesenteric hernias occur through defects in the

mesentery of the small bowel. This type of hernia is
encountered more frequently in the pediatric population
and may result from congenital defects within the
mesentery. In these children, the defects are thought to
be the sequelae of previous vascular insults to the
mesentery and bowel, which are frequent associated
occurrences. In adults, the mesenteric defects typically
are associated with previous surgical procedures.
Because loops of small bowel are usually herniated
through these defects, a high incidence of obstruction or
strangulation exists with tnmsmesenteric hernias.

Other Hernias
There are several other intraabdominal hernias.

although they are all considered rare. Pericecal hernias
occur when loops of bowel herniate beneath the cecum
and become trapped in the right paracolic gutter.
Internal hernias also have been described in the region
of the mesentery of the sigmoid COI011_ Whenever surgical
intervention occurs, particularly with bowel anastomoses..
hernias can develop in mesenteric defects or can occur
adjacent to stoma or bowel anastomoses. All of these
types of hernias can prnduce symptoms of closed-loop
obstruction or strangulation.

PNEUMOPERITONEUM

Free intraperitoneal air is a significant radiographic:
fmding within the abdominal caVity. Its presence em.
indicate serious abdominal pathology. It also can be
encountered frequently in hospitalized patients and IIl7"



bt: iatrogenic. Determining the presence of a pncu·
moperitoneum and its cause is crucial.

The detection of free intr.tperitoneal air can be diffi­
cult and can be easily overlooked. A general rule of
thumb is that free intraperitoneal air rises to the most
superior portion of the abdominal cavity. Its movement
is not rapid, however, and can take 10 to 20 minutes to
percolate to the highest portion of the abdominal cavity
when the patient changes position. Similarly, free
intrdperitoneal air is best detected by a horizontal beam
radiograph; typically, this is done in the upright position,
but it also can be done using cross-table views with the
beam in a horizontal position. Free intraperitoneal air
can be detected best when the center of the x-ray beam
is aligned with the position of the free intraperitoneal air.
in some circumstances, such as in an upright abdominal
film, the angle of the beam at the edge of the film is too
oblique to distinguish two adjacent stnlcnlres separated
by a small portion of air. In ideal conditions, 1 mL of
intrdperitoneal air can be detected on radiographs.

Radiographic Signs

A variety of signs have been described for the detection
of free intraperitoneal air (Box 8-1). Of all the signs
described, the one most easily detected and most definitive
in diagnosis is when free intraperitoneal air is loc.ned
beneath the hemidiaphragm. Air in this pOSition can be
detected even when it is only a few milliliters. This air is
best seen on the right side because the liver offers a
distinct outline between the free air and the soft tissues.
On the left side, free air can be difficult to discern from
the air in the stomach or splenic flexure. The free air
occasionally can cross the mjdline, producing the cupola
sign. Also, subdiaphragmatic air is best seen on the chest
radiograph because of the difference in radiogrdphic
technique and because the central portion of the radio­
graphic beam is more closely aligned to the diaphragms
compared with what is nonnally depicted on abdominal
upright radiographs.

Box 8-1 Signs of Pneumoperitoneum

Subdiaphragmatic air
Perihepatic air (lucency over liver)
Rigler's (double-wall) sign
Triangle or rhombuid sign
Visualization of fdlciform ligament
~'lorison's pouch air
Football or dome sign
Scrotal air
Visuali7.ation of lateral umbilicalligamems
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A corollary position for detecting air in this position
is the left-side-down decubitlls fIlm with a cross-table
radiographic beam. This position detects air between
the liver and right lower ribs, which also offers a sharp
demarcation because of their radiographic densities.
This position may have to be used when the patient is
too sick to be placed in a tnle upright pOSition. The free
air on the decubitus view occasionally can be detected
near the edge of the iliac bone because that may be the
highest portion of the abdominal cavity in some patients
in the decubitus pOSition.

In the supine pOSition, air accumulating in the
abdomen can give rise to an area of increased lucency
over the liver (Fig. 8-15). This lucency can be subtle and
is often detected when the margin of the free air produces
a sharp border.

Also in the supine position, Rigler's sign (double-wall
sign named after the renowned radiologist Rigler) is pro­
duced when both sides of the bowel wall become out·
lined by air. Under nonnal circumstances, only the inner
wall (mucosal surface) of the bowel may be defmed by
air. When free intraperitoneal air exists, however, both
sides of dle bowel wall may become visible, as distinct
tissue-air interfaces-the "double-wall" sign (Fig. 8-16).
This sign is typically seen on supine radiographs and
requires more than a few milliliters of free air within the
.tbdomen to be detected with confidence because two
touching loops of bowel may give a "pseudo-double­
wall" sign.

Associated with Rigler's sign are triangular or rhom­
boidal collections of air between three adjacent loops
of bowel (Rigler's triangle) (see Fig. 8-16). Air in this

Figure 8-15 An area of lucency exists over the upper abdomen
and crosses the midline in this supine radiograph of the abdomen.
This is a result of free intrAperitOneal air.
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Figure 8-16 I"tassive free intraperitoneal air is present in this
supine abdomen ftim. Both sides of the bowel are evident in the
right upper quadrant. The sbort arrow indicales the falcifonn
ligament. Note the Rigler triangle in the upper left abdomen
(long arroUJs).

configuration is not common within the abdomen and
seen only in the supine position. It occurs when free
intraperitoneal air becomes trapped in the potential
space between adjacent loops of bowel, and its margins
(the serosal-air interfaces) take on a triangular shape.
Also, on a cross-table supine view of the abdomen,
which can be obtained in seriously ill or traumatized
patients, the free intraperitoneal air seen anteriorly has a
triangular shape. Its superior margin is the anterior
abdominal wall, and the two lower margins are pro­
duced by adjacent loops of bowel. This sign also can be
evident by CT in detecting small quantities of free
intraperitoneal air.

As free intraperitone-.:I1 air collects over the liver on the
supine radiograph, it outlines the edges of the falciform
ligament (see Fig. 8-16). These are not usually visible on
radiographs; howe\'er, it is a common location for free
intraperitoneal air to collect and makes the falciform
ligament readily visible. Also, air can collect in Morison's
pouch, whjch is inferior to the liver and above the right
kidney. The free edge of the liver can become visible
with air in this location.

Numerous signs are seen more frequently in the
pediatric/neonatal age group. One of these is the football
sign, named for the large amount of free air that forms an
oval "football" shape within a young child, as shown on
the supine radiograph. Also, air within the scrotum is
marc typically seen in younger patients and rarely
encountered in adults. The lateral umbilical ligaments in
the lower abdomen form an inverted V. They can be
seen on the supine radiograph when large amounts

of free intraperitoneal air are present. This sign is more
rypically seen in children.

Many conditions can mimic free intraperitoneal air and
Gill lead to a false·positive diagnosis. The most common
of these are loops of bowel interposed beneath rhe
diaphragm and liver or otber abdominal structures
(Chilaiditi syndrome). Also, a band of curvilinear atelec­
tasis in the lung bases can be mistaken for the diaphragm
and lead to a false diagnosis. The same can be said. for
a subpulmonic pneumothorax on a supine chest radio­
graph, wlllch can lead to a false diagnosis of pneu­
moperitoneum. When loops of bowel are dilated in the
abdomen, it can appear that both sides of the bowel wall
are evident, producing a pseudo-Rigler's sign.

Causes

A variety of conditions can lead to a pneumoperi­
toneum (Box 8-2). A pneumoperitoneum does not
equate to a surgical condition, and numerous "benign"
conditions can produce free intraperitoneal air. The
most common pathological cause of spontaneous free
intraperitoneal air is the result of a perforated hollow
viscus. Peptic ulcer disease, of either the stomach or the
duodenwn, is the most likely cause. Diverticulitis causes
free air in relatively few patients. Usually the inflarrunatory
condition causes mesentery to wall off the perforation and
does not lead to free air. Patients who have renal failure or
are immunosuppressed tend to have a higher incidence
of free air, however, when they develop diverticulitis.
Appendicitis also rarely produces free air, and bowel
obstruction infrequently leads to free intraperitoneal air.

Box 8-2 Conditions Producing
Pneumoperitoneum

Perforated viscus
Peptic ulcer disease
Penetrating trauma
Diverticulitis
Bowel obstntction
Appendicitis

Inflammaton' conditions
Toxic megacolon
Tuberculosis
Peritoneal inflammation

Iatrogenic causes
Postsurgery
Postlaparoscopy
Endoscopy
Peritoneal dialysis

Gynecologic causes
Intrathoracic causes
PneumalOsis intestinalis



Several inflammatory conditions can produce free
intraperitoneal air; the best known is toxic megacolon,
which can result from a variety of causes. Often the site
of perforation is not detectable and simply may be the
result of loss of integrity of the bowel wall.

Probably the most common cause of free intraperi­
toneal air is iatrogenic. Most free intraperitoneal air
encountered in hospitalized patients is the result of some
type of intraabdominal procedure or diagnostic test.
The rate at which free air becomes absorbed after
surgery/laparoscopy depends on the amount of air intro­
duced and the presence of peritoneal problems. Obesity
also can delay its absorption. It is believed that the peri­
toneal cavity can absorb about 100 mL of air per day. This
amount may be diminished in the presence of peritoneal
inflammation. Typically, most air introduced during a
surgical procedure is gone in a few days and rarely takes
longer than 1 week to be reabsorbed. Some repoftS indi­
cate air remaining 3 weeks, but this is rare. cr is much
more sensitive in detecting small amounts of free
intraperitoneal air. CT often shows tiny amounts of free
air 1 week or more after surgery, and this should not be
considered significant. An increase in the amount of
intraperitoneal air can signal the pOSSibility of a surgical
complication, however, such as anastomotic breakdown.

Free intraperitoneal air may be introduced through
the female reproductive tract from gynecological proce­
dures or sexual intercourse. Rarely, it even can occur in
certain traumatic conditions.

In certain thomcic conditions, particularly pneumotho­
rax or pneumomediastinum, air can enter the peritoneal
cavity. Many potential pathways exist for the dissection
of air from the chest into the peritoneal cavity. This pos­
Sibility increases with increased intrathoracic pressure
from assisted ventilation or other causes. Air in the peri­
toneal cavity has no effect on the clinical status of the
patient and does not require alteration of therapy.

In patients with pneumatOsis of the bowel wall, the
subserosa! collections of air can rupnrre, with resultant
benign pnewnoperitoneum. This is not a serious conse­
quence, however, and produces no significant compli­
cations, although it may produce consternation in the
emergency department when fortuitously seen on an
upright chest image. There are many "benign" causes of
pneumatosis that have associated pneumoperitOneum.
\Vhen pneumoperitOneum exists over a period of time,
this is called a "balanced" pneumoperitoneum.

For patients with suspected perforation, the radiologist
is often requested to assist in the preoperative evaluation.
In tillS situation, tile surgeon wants is to be able to identilV
the site of perforation preoperatively. For patients with
spont'U1eous pneumoperitoneum, the simplest method
is to "ljecr a substance tllfough a nasogastric tube and
obtain radiographs. This could be either air-soluble or
water-soluble contrast material. Because upper intestinal
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tract perforation is more common, the amount of free air
increases within minutes of the nasogastric injection.
This is a simple, inexpensive method of distinguishing an
upper from lower bowel perforation. In patients who are
postoperative or have extensive abdominal problems.
cr is probably the best modality for evaluating for lmder­
lying bowel or abdominal pathology.

Water-soluble enemas must be used in suspected
colonic perforation. If a perforation is detected, the
examination should be terminated at that point. A bar­
ium contrast examination is contraindicated in cases of
suspected abdominal perforation. The only exception
might be in the evaluation of postoperative anastomosis
in which water-soluble contrast examination has shown
no obvious leaks. A small amount of dilute barium
sometimes shows a tiny leak or track not visible with
water-soluble contrast materiaL

PNEUMATOSIS

Gas within the bowel wall (pneumatosis) is an
uncommon diagnostic finding for the radiologist.
Although first described 011 abdominal radiogrdphs, it is
now more easily and reliably diagnosed by cr. Its
radiographic appearance, by either plain abdominal
radiographs or Cf, can be linear or bubbly or a combi­
nation of both (Fig. 8-17). The distribution of the air can
vary and is not always related to the underlying patho­
logic condition producing the pneumatosis. The more
benign pneumatosis coli is usually a bubbly pattern seen
in the distal colon, stopping abmptly at the rectosigmoid,
the level of the peritoneal reflection, below which ti,e
rectum is extraperitoneal.

Figure 8-17 CT shows pneumatOsis of the bowel. In the poste·
rior pelvis, the linear air is seen in the dcpendem portion of the
cecum (arrows).
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Pathology

On pathological examination, pneumatosis of the
bowel is found in the subserosal layer of the gut. It can
be found less commonly in the submucosal layer and
rarely in the muscularis propria. The pneumatosis typi­
cally forms bubbles or blebs that can range from a few
millimeters to greater than 1 em. They are fOWld more
commonly along the mesenteric side of the bowel, but
also can occur circumferentiaUy around the bowel and
even in the mesentery itself. The cysts do not communi­
cate with the Iwnen and contain gas that is typically
under pressure. On histological examination, the cysts
have a defined lining with multinucleated giant cells.
Initially, these were thought to represent dilated lymphat­
ics, but this is no longer accepted. A mild inflammatory
reaction is thought to occur around these cysts, and
often an associated mild inflammatory change is evident
in the mucosa and submucosa of the affected bowel.

Analysis of ti,e gas within the CYSlS shows a high
concentration (approaching 50%) of hydrogen compared
with intestinal gas (With a composition of 14% hydrogen).
This high level of hydrogen suggests that the gas is
probably bacterial in origin and not due to the passage
of intestinal gas into ti,e bowel wall. Also, pulmonary
gas does not have such a high hydrogen concentration.

Etiology

Several theories exist regarding the cause of pneu­
matosis. The cause of pneumatosis may vary according to
the underlying condition. Evidence suggests that intramu­
ral gas in pneumatosis is bacterial in origin, based on its
high hydrogen content. Also, breath hydrogen levels are
typically elevated in patients with pneumatosis, indicating
increased activity of anaerobic, gas-producing bacteria.
Two methods of treatment of pneumatosis-hyperbaric
oxygen and antinlicrobial therapy-diminish anaerobic
bacteria growth. Bacteria also would account for the mild
inflammatory changes that are frequently encountered in
portions of ti,e bowel affected by pneumatosis. For
bacteria to flourish in the intestinal wall, however, other
factors must come into play, including loss of integriry of
ti,e mucosa of the bowel and diminished oxygen levels in
the bowel. Nevertheless, most patients may be entirely
symptom-free, and ti,e bacterial theory with respect to
subserosal cysts and hydrogen ga~ fOffilation leaves many
unanswered and troubling questions.

Many authorities believe that some type of mucosal
disruption must occur in all fOnTIS of pneumatosis for
bacteria to gain access into the bowel wall. This disrup­
tion can occur simply from ulceration of the mucosa, as
seen in many conditions, or from the depletion of
Peyer's patches in patients undergoing steroid therapy.
When the anaerobic bacteria gain access to the bowel
wall, a low oxygen level, caused by ischemia or a variety

of other conditions, assists in the growth of these organ­
isms. This theory needs further study to account for the
lack of symptoms in many of these patients.

TIle development of pneumatosis coli in patients with
underlying pulmonary disease was thought to result from
direct dissection of air (from microalveolar nlpture) along
bronchovascular interstitium of the lungs into the medi­
astinum, through the diaphragmatic hiatus, and from the
retroperitoneal out the mesenteric leaves onto the serosal
surfaces of the most tiistal bowel. lllis theory was flfSt
proposed by Macklin at the University of Western Ontario
in 1938 and bears his name. It could never be definitely
proven, but seems the most logical of various theories
offered. The composition of the gases in the subserosa!
blebs is unexplained with the Macklin pathway. Other
theories considered incltlde the development of pneu­
matosis as a result of combination of low oxygen levels
from the pulmonary disease and steroids or other medica­
tions the patient may be taking. Oti,er ti,eoJies have been
proposed, but in effect they all lead to conditions that
propose anaerobic bacterial growth and possible loss of
integrity of the bowel mucosa and are less than satisfying.

Associated Conditions

As seen in Box 8-3, numerous conditions, ranging
from clinically innocuous to immediately life-threaten­
ing, can produce pneumatosis. The radiologist cannot
delinitely differentiate the cause based on ti,e radiographic
appearance. Linear gas is of greater potential signifi­
cance, however, than bubbly gas collections. Also, the
distribution of the gas may not relate to the underlying
cause of the condition except in certain circumstances
(e.g., air in gastric wall). The fmding of pneumatosis
must be coupled with the patient's underlying clinical
state to determine the significance of the pneumatosis.
Idiopathic pneumatosis of an unknown cause is still
occasiona]])' encountered nowadays.

Most radiologists immediately consider a serious vascu­
lar insult to the bowel when encountering pneumatosis.
and this is warranted because a significant proportion of
cases of pneumatosis are due to ischemic bowel disease.
Ischemia produces the cwo changes necessary for pneu­
matosis: loss of integrity of the mucosa and lowered
oxygen levels. Most bowel ischemia is not due to occluded
vessels, and pneumatosis does not imply v41scular obstruc­
tion. Other findings that may support ischemia as an
underlying cause include the appearance of portal venous
gas, which is seen predominantly with bowel ischemia and
a few other conditions (Fig. 8-18). Some patients "ith
portal venous gas may survive if diagnosed early and
treated aggressively if the underlying process is ischemic
bowel. Most of the tinle, this is not the case and espedall<­
if the lmderlying condition is necrotic bowel.

Numerous inflammatory or infectious conditioI15
of the bowel cause the development of pneumato



Box ~3 Condition.. ~'L"",,-'Ci31ed".-ith
PnewD3lO'So~

Vascular conditions
bc-hernia

Inflammation or infection
Diabetes
Kecrotizing enterocolitis
Typhlitis (neutropenic colitis)
Crohn's disease
Ulcerative colitis
Infectious or parasitic agents
Peptic ulcer disease

Pulmonary disease
Asthma
Chronic obstructive pulmonary disease
Cystic fibrosis

Collagen vascular disease
Scleroderma and mixed connective tissue disease
Systemic lupus erythematosus

Bowel obstruction
Drugs

Steroids
Chemotherapy

Trauma
Surgery
Postendoscopy
Penetrating injuries

Other conditions
ldiopathic calise
Whipple's disease
Posttransplantation

Figure 8-18 Linear air collections rising to the anterior portion
of the liver arc compatible with air in the portal venous system.
Air in the biliary system is more centrally located.

Figure 8-19 Bubbly and linear air colJections are seen in the
stomach wall in this diabetic patient with emphysematous gastritis.

Pneumatosis has been seen with erohn's disease and
ulcerative colitiS, although this complication is rare.
A unique situation exists in patients with diabetes, in
whom a condition known as emphysematous gastritis
develops (Fig. 8~19). This condition is not the result of
ischemia, but rather an infection of the gastric wall, usu­
ally by hemolytic streptococci. Emphysematous gastritis
is a grave complication with a high mortality rate.
Pneumatosis also has been reported in patients with
infections or parasitic infestations of the gut.

In debilitated infants, necrotizing enterocolitis is a seri­
ous complication. It is typically encountered in prema­
ture infants. It is thought that bacteria invade through the
bowel lumen because of the diminished resistance of the
infant. Necrosis of the mucosa and eventually the bowel
wall occurs, with resultant septicemia. Also seen in chil­
dren and some adults is typhlitis or neutropenic colitis.
This is a necrotizing infection of the ascending colon and
to some extent the terminal ileum. It was ftrst described
in children undergoing treatment for leukemia. It is now
seen as a complication not only of leukemia, but also of
lymphoma, aplastic anemia, acquired immunodeftciency
syndrome (AIDS), and immunosuppressive therapy as in
transplant patients. It still is encountered more frequently
in children, but can be seen in adults.

One of the initial descriptions of pneumatosis was
of a condition in patients with significant underlying
pulmonary disease (Fig. 8-20). As mentioned previously,
it was thought that the gas developed because of micro­
rupture of alveoli with dissection of air along tissue planes,
along the mediastinum, and down into the mesentery and
out onto the serosal layers of the colon. Pneumatosis is not
tIDUsual in severe asthma. It can be seen in severe chronic
obstructive pulmonary disease and cystic fibrosis.

Pneumatosis is known to develop in patients with
collagen vascular disease. Pneumatosis can be seen in
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Figure 8-20 Linear and bubbly air collections in the ascending
colon are present in this patient with pulmonary disease. The
pneumatosis was believed to be due to underlying asthma.

scleroderma or mixed connective tissue disease (Fig. 8-21)
and is due to a combination of factors. These patients are
often taking steroids. Also, they frequently have under­
lying pulmonary disease.

Bowel obstnlction has been known to produce pneu­
matosis, but this is rare considering the number of patients
with bowel obstruction. It is usually a result of progressive
bowel dilatation, which leads to ischemic changes in the
bowel, along with disruption of the mucosa. Increased
intraluminal pressure also can playa small part in its devel­
opment. Pneumatosis also has been described in patients
with gastric outlet obstruction, but tllis typically develops
some distance from the site of obstmction.

\Vhen encountering a patient with pneumatosis, the
physician needs any clinical information concerning
medical history, including procedures or medications.
As already stated, some patients with pneumatosis are
on steroid therapy (Fig. 8-22). Pneumatosis can develop
in transplant patients on immunosuppressive therapy,
which often includes steroids. Pneumatosis is occasionally
encountered in postsurgical or postendoscopic patients.
Considering the millions of patients undergoing these
procedures, the occurrence of pneumatosis is relatively
uncommon. This may be the one circumstance in which
the pneumatosis is related to direct injury to the mucosa
with dissection of intraluminal gas.

Figure 8-21 Alr is present in the wall of the jejunum (arrou's)
in the left upper quadrant. The patient has severe scleroderma and
associated pulmonary disease.

Treatment for pneumatosis can be directed at the
underlying cause, such as ischemia. \Vhen pneumatosis
has a more innocuous cause, no treatment is usually
required. Some patients experience pain, bloating, and
discomfort with the condition, however. These patients
can be treated with hyperbaric oxygen, although this
treatment is not readily available. Some antibiotics also
have been known to reduce or eliminate pneumatosis.

Figure 8-22 Pneumatosis is evident in the ascending colon.:ad
associated pencolonic inflammatory changes also exist, indi~
inflammation and probable impending bowel necrosis.



LYMPHADENOPATHY

The presence of enlarged lymph nodes in the
abdomen is used for the staging of many abdominal and
extraabdominal malignancies. Many benign diseases also
can produce abdominal adenopathy, however. More than
200 lymph nodes exist within the abdomen and pelvis.
Additionally, the sole criterion of cr Ul the evaluation of
lymph nodes is their size (Figs. 8-23 to 8-26). Significant
disease can exist in nOffilal-sized lymph nodes, and
enlarged lymph nodes can be of little significance. The
potential for false-positive and false·negative diagnoses
exists when lymph nodes are evaluated by just their size.
TIle size of the lymph nodes is determined by measuring
across their short axis, and normal size varies according
to their position in the abdomen, as listed in Box 8-4.

Internal architecture or characteristics are extremely
difficult to determine by cr. TIle computed tomo­
graphic attenuation of the lymph nodes, particularly in
enlarged nodes, may be determined to be different than
normal (e.g., soft tissue density), however. If the com­
puted tomographic attenuation is greater than normal,
the disease processes are likely benign (Box 8-5).
Occasionally, the lymph nodes may be lower in attenua­
tion than expected; this is best identified when the
lymph nodes are enlarged. TIle causes of low-density
lymph nodes in the abdomen are listed in Box 8-6.

Figure 8-23 Enlarged nodes are evident in the rctrocrural
region (arroUJs). Typically, any lymph nodes in this region m<'''aSure
only a few millimeters.
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Figure 8-24 Several soft tissue densities in the periaonic region
(arrows) :lrc evident. This is due to mildly enlarged lymph nodcs,
which exceed 10 mm in diameter.

In most cases, enlarged lymph nodes detected are asso­
ciated with malignancy. cr is still the primary modality
used in staging of abdominal malignancies and lymphoma.
CT can be performed to evaluate for possible adenopathy
from extraabdominal tumors that have spread to the
abdomen. A SlllaU percentage of lymphadenopathies are
due to benign processes, however, rather than malig­
nancy. The radiologist must be aware of this because the
presence of lymphadenopathy does not signify that the
disease process is malignant. Also, previously treated
malignancies that produce adenopathy (e.g., lymphoma)
sometimes leave residual enlarged lymph nodes, which is
thought to be due to involution and fibrosis. 'TIle causes of
benign abdominai adenopathy are listed in Box 8-7.

Figure 8·25 An cnlarged lymph node is seen on thc right side
of the pelvis (arrows). Ascites is also present (arrowhead).
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Figure 8-26 A Iow-density area is seen on the left side of the
rectum. The rectal wall is thickened. This was due to an infl1trat­
ing mucinous carcinoma of the rectum (arrows) with a single
large low-density lymph node adjacent to the rectum found at
resection (arrowhead).

HUMAN IMMUNODEFICIENCY VIRUS
INFECTION

The occurrence of human immunodeficiency virus
(lIlY) infection and AIDS has been one of the major med­
ical stories in the latter part of the 20th century. HIV can
be transmitted through sexual intercourse and through
exposure to blood and other body fluids. Although the
initial impact of AIDS was seen in young men, the inci­
dence of disease among women and children has grown
at an alarming rate, and litis disease is now evident in all
segments of society and worldwide in its distribution.
Its ubiquitous nature is important for the radiologist
because the patient can have a variety of symptoms, often
related to the gastrointestinal tract. The radiologist must be
aware of the changes produced by AIDS and its associ­
ated infections and neoplasms because he or she may be
the first to have the opportunity to make the diagnosis.

AIDS represents the advanced stages of a viral infection.
Because of the selective loss of helper T cells in the
patients' immune systems, it was initially thought that
the disease was the result of a retrovirus. The AIDS virus
was initially called HTLV-III, or lymphadenopathy virus.
By convention, it is now called HIV, of which several

Box 8-4 Criteria for Enlarged
Abdominal Lymph Nodes

Retrocrural and porta hepatis nodes-6 mm
Retroperitoneal and mesenteric nodes-IO mm
Pelvic nodes-IS mm

-
Box 8-5 Causes of Calcified Lymph

Nodes - -

Postintlammation-tuberclliosis
Treated lymphoma
Teratosarcoma
Mucinous carcinoma

types have been described. Infection by this viral agent
is termed HW infection, of which AIDS is just a latter
segment of the stages of infection. HIV belongs to the
subfamily of retroviruses termed lentivirus, named for
their slow course of infection. It is a single-stranded RNA
virus surrounded by a lipid envelope. When the vinls
enters the target cells, it is translated into DNA and incor­
porated into the host nucleus. HN attaches itself not
only to helper T cells, but also to macrophages, mono­
cytes, certain glial cells, and crypt cells in the intestinal
epithelium.

Clinical Features

The hallmark of retroviruses is their prolonged course
of infection within the host organism. Initially, the infec­
tion can be asymptomatic or manifest as a viral-like
illness. Initially, the patient has viral-like symptoms of
fever, pharyngitis, gastrointestinal upset, and neurologic
symptoms. This illness occurs as the HTV virus attaches
itself to the various target cells. The time from initial
exposure to acute illness can range from days to a few
months. During this initial phase, the patient often sero­
converts to an HTV-positive state. There are two major
clinical tests for HIV infection. One is the seropositive
conversion, which usually occurs within 12 weeks of
exposure, and the other is the peripheral lymphocyte
level. Helper T cells (CD4) and suppressor T cells
(CDS) can be measured. Because helper T cells are
destroyed by HI\' infection, their level is diminished.
Correspondingly, there may be an increase in suppressor
T cells, resulting in an inversion of the CD4/CDS ratio.

~ - ~ ~

Box 8-6 Causes of LoW-Density Lymph
Nodes

Nonseminomatous testicular tumors
Whipple's disease
Mycobacterium infection

M. tubet'culosis
M. aviurn~il1tracellulare

Epidermoid genitourinary tumors
Lymphoma and mucinous tumors (rarely)



Box 8-7 Causes of Benign Abdominal
Lymphadenopathy

Granulomatous infections
Tubercu.losis
Sarcoid

Other abdontinal ilUcctions
Crahn's disease
Sprue
Whipple's disease
Previously treated maUgnancics

Gastrointestinal symptoms, such as diarrhea, nausea,
vomiting, anorexia, and gastrointestinal ulceration, can
occur, prompting gastrointestinal evaluation. During tllis
initial phase, radiographic evaluation can show subtle
abnormalities (Box 8-8). HIV may cause discrete ulcera­
tion in the esophagus. Nodular fold thickening can be
present in the intestinal tract. Finally, cr can show mild
hepatosplenomegaly, and prominent lymph nodes can
be evident in various portions of the abdomen, although
they are not enlarged.

TIle second phase, that of a relatively asymptomatic
carrier, can last a decade. In some patients, HN infection
never develops into the clinical state considered AIDS,
an'd there have been some reports of eventual seronega­
tive reconversion. The next phase of disease is indicated
by the presence of adenopathy for several months. The
phase commonly considered AIDS occurs when any of
numerous complications occur. 111ere can be the devel­
opment of secondary infections with Candida or other
opportunistic organisms. Neoplastic conditions, such as
lymphoma or Kaposi's sarcoma, can occur. Neurologic
symptoms and diffuse constitutional symptoms, such as
weight loss and fever, are also indicative of this ftnal stage.

Gastrointestinal symptoms develop in most patients
who reach the category of AIDS. Radiologists frequently
are called on to evaluate the complications of this
disease. Because much of the disease processes can be
confined to the superficial mucosal layer of bowel, barium
studies still have an important role in the diagnosis of

Box 8-8 Possible Gastrointestinal
Abnormalities during Initial
HIV Infection

Focal esophageal ulceration
Nodular fold lhickening in the small bowel
I\'lild hepatosplenomegaly
Multiple lymph nodes, nonenlarged or borderline

enlarged
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abnonnalities. CT is the preferred method of evaluating
the abdomen for more severe complications, such as
adenopathy, malignancy, or abscess. Ultrasound also
can be used, particularly in evaluating the liver and
biliary system. [n using these modalities, the radiologist
stiU must consider certain principles:

1. Infections are often multifocal and involve separate
segments of the gastrointestinal tract.

2. Multiple organisms may be involved simultaneously,
either in the same segment of bowel or in separate
portions of bowel.

3. The gastrointestinal tract has only a limited number
of changes that occur, predominantly fold thickening
and ulceration. It is difficult to distinguish the exact
organism by the radiographic appearance.

4. \Veak association exists berwe~n symptOms and
radiographic fllldings.

5. Infections and neoplasms can occur together.

Associated Infections

A variery of pathogens can ·be isolated from tl,e
gastrointestinal tract in AIDS patients (Box 8-9). This
constellation of organisms is more extensive than that
seen in other immunosuppressed patients, such as trans,..

plant recipients. Of the viral infections, cytomegalOVirus
(CMV) is the most commonly encountered in AJDS
patients. CMV is fomld in immunocompetent individuals,

Box 8-9 Opportunistic Infections of the
Gastrointestinal Tract in AIDS

VIRAL

Herpes
CMV
HN

FUNGAL

Candida
Histoplasmosis

PROTOZOAN

Cryptosporidiosis
Isosporiasis
Giardiasis
Amebiasis

BACfERJAL

Mycobacten'ulJ'l tuberculosis
M)'cobacterium avium-illtracellulare
Salmonella
Campylobacter
SbigeUa
Yersinia
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but it has considerable clinical impact when the immune
system is compromised and contributes significantly
to the morbidity in tllese patients. It can involve all
segments of the intestinal traer. In the esophagus, it can
produce large, flat ulcers (Fig. 8-27). In the upper gas­
trointestinal tract, the changes include fold thickening
and ulceration. CMV commonly produces colitis with
superficial ulceration simiJar to ulcerative colitis, but
with more focal distribution tlle occasional large flat
ulcer is produced.

Herpes simplex is a common cause of esophagitis in
AIDS patients. It typically manifests as small, discrete ulcers
against a background of nonnal mucosa. The ulceration
can be diffuse in severe instances.

As mentioned previously, HIV can cause a primary infec­
tion of the intestinal mucosa. It is one of the causes of large,
flat ulcers in the esophagus. It also can manifest in the small
bowel, where it produces diffusely thickened folds.

Candida aLbicans is the most common symptolTI­
producing mucosal infection in patients with AIDS,
ultimately affecting all patients with advanced disease.
It most commonly involves the oropharynx. In the
esophagus, it produces either diffuse ulceration with
pseudomembranes or discrete plaques, causing dysphagia

Figure 8-27 Large oval ulcer in the lower esophagus (lIrrows)
is due to viml esophagitis in this AIDS patient, most likely second­
ary to CMV.

(Fig. 8--28). Motility also can be inlpaired. AIDS is one of
the few conditions in which Candida. also can affect
other portions of the gastrointestinal tract and has been
known to produce ulceration in the stomach and the
rectum. Other fungal infections, such as histoplasmosis,
also can involve the gastrointestinal tract, but their
occurrences are rare.

A variety of protozoa exist as enteric pathogens in HlV
patients. Cryptosporidium, is the most common.
It is a coccidial protozoan that produces a debilitating
watery diarrhea. Infection is predominantly of the small
bowel, producing thickened folds, dilatation, and
increased secretions. It also can involve the biliary system,
causing an ascending cholangitis (often indistinguishable
from primary sclerosing cholangitis) and significant
liver dysfunction (Fig. 8-29). Isospora belli is another
coccidial protozoan, and it produces changes similar to
those of cryptosporidiosis. These two are clinically
indistinguishable.

Giat·dia. lalnblia is a flagellated protozoan that occurs
natl.lf"d.1ly in small epidemics among inllTItUlOCompetent
individuals, usually related to infected water. G. Lamblia
has been well described, however, as a pathogen in

Figure 8-28 Diffuse shaggy u1cer.ltion of the esophagus
result of Candida infection.



Figure 8-29 There is attenuation of the intrahepatic biliary
system with some beading of the smaller branches. 111is patient
with A1 OS has cryptosporidiosis of the biliary system.

immunosuppressed patients and occasionally involves
AIDS patients. It has a predilection for the proximal
small bowel, producing diarrhea because of malabsorp­
tion. Radiographic examination shows thickened, irregular
folds with evidence of fluid or increased secretions in
the bowel.

Enta1noeba histolytica is an ameba that can infect
immunocompetent and immunosuppressed patients. ]t
produces inflammatory changes in the distal small bowel
and the colon. TIlis inflammation c<U.1 be diffuse or focal
with changes of strictllring and even masses. It can be
mistaken for Crohn's disease.

TIle Mycobacterium group of bacteria includes the most
common pathogens in AIDS patients. Mycobacterium
tube1'culosis of the gastrointestinal tract typically occurs
after a pulmonary infection. It can involve the small
bowel distally, where it can produce severe stricturing
and even fistula or perforation, and the adjacent ascend­
ing colon, where it can produce wall thickening and
ulceration. It also can involve the esophagus, although
this is rare. Mycobacterium aviUl1l-int1"acellulare is an
atypical mycobacterium that involves the small bowel,
usually through infected water, and invades only
immunosuppressed patients. ]n the small bowel, it pro­
duces enteritis \vith diarrhea, fever, and wasting. On
['.idiographic examination, the folds are thickened in
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a regular fashion (Fig. 8-30). Some authorities think that
the changes can mimic Whipple's disease. M tuberculo­
sis and M. aviu1n-intracellulare are known to cause
lymphadenopathy, and this can be seen as low-density
lymph nodes on cr. The adenopathy can be in the
mesentery or in the retroperitoneum.

A variery of other bacteria can infect AIDS patients.
5ahnonella and Sbigella can produce severe enteritis
and colitis. Campy/abaete.. also can produce colitis. All
of these agents are indistinguishable on radiographic
examination, usual1y producing either diffuse or patchy
areas of superficial ulceration. Yersinia enterocolitica
typically involves the distal small bowel and to a lesser
extent the colon.

Associated Neoplasms

The development of neoplasms is a well-recognized
complication in immunosuppressed patients, including
AIDS patients and transplant recipients. The develop­
ment of tumors in young men ftrst prompted the recog­
nition of AIDS. As AIDS patients continue to have a
longer survival, more secondary neoplasms are likely to
become associated with HIV infection (Box 8-10).

Kaposi's sarcoma is a skin sarcoma composed of
endothelium-lined vascular channels, spindle-shaped
cells, and varying degrees of inflammatory infLItrate.
Until the AIDS epidenllc, it was considered a rare

Figure 8-30 Markedly thickened small bowel folds are shown
along with segmentation of the barium. This AIDS patient has an
oppommistic infection of the small boweL It usually is not possible
to determine the type of infection by the radiographic appearance.
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Box 8-10 Neoplasms Associated
with AIDS

Kaposi's sarcoma
Lymphoma
Anal carcinoma
Esophageal or oropharyngeal carcinoma

neoplasm usually found in dderly men. The incidence of
Kaposi's sarcoma in AIDS is more frequent in homosex­
ual AIDS patients than in patients who have acquired
AIDS through drug lise or other causes. The incidence of
Kaposi's sarcoma in AIDS patients seems to be decreas­
ing. Kaposi's sarcoma in AIDS patients is much more
aggressive than the neoplasm that has been classically
described. One fonn produces diffuse skin lesions along
with viscc::ral involvement, and another fann has marked
lymph node involvement with little cutaneous disease.

Involvement of the gastrointestinal tract is one of the
most common manifestations of Kaposi's sarcoma.
Lesions can occur throughout the gastrointestinal tract,
from the mouth to the rectum. One major foml is that of
a discrete nodule or mass projecting into the bowel
lumen, sometimes with central ulceration, producing a
so-called bull's-eye lesion; it also can be a superficial
spreading lesion, appearing as thickened folds, similar to
what can be seen with hemorrhage into the bowel wall.
Kaposi's sarcoma occasionally produces massive
adenopathy (Fig. 8-31), which can be low density, similar
to mycobacterial infection of the gut. It is well known
that Kaposi's sarcoma of the abdomen, either gut or
adenopathy, can appear before any cutaneous lesions
are visible. Liver metastases also have been described,
appearing as low-density lesions.

Figure 8-31 Extensive retroperitoneal adenopathy (wrows) is
present in this patient with AIDS-related Kaposi's sarcoma.
(Courtesy of Duane Mezwa, MD.)

Lymphoma encountered in AIDS patients is a non·
Hodgkin's lymphoma, usually B cell type. It is distinctive
in AIDS in that it is highly aggressive, has a high-grade
histological subtype, and has a high proportion of extra­
nodal involvement, such as the central nervous system
or gastrointestinal tract (Fig. 8-32). Some speculation
exists regarding a link to the Epstein-Barr virus. TIle r'ddio­
graphic appearance of lymphoma varies and is similar to
what can be seen in immunocompetent patients. Lesions
of the bowel can have the appearance of mucosal'fold
thickening, discrete nodules or masses, or infIltrating
neoplasms with mucosal destruction. Besides the bowel
lesions, associated adenopathy often occurs, and CT is
the examination of choice in patients with suspected
lymphoma. The presence of adenopathy can be seen in a
variety of benign conc4tions with AIDS and is not an indi­
cator of neoplasm. Cf-guided biopsy may be necessary to
obtain tissue for differentiation.

Scattered reports show that other neoplasms develop
in AIDS patients. One of the more common is squamous
cell carcinoma of the anus. Its development may be related
to a viral oncogenic stimulus. This tumor is best evaluated
clinically, although cr has limited use for staging. Some
reports also indicate increased incidence of squamous cell
carcinoma of the oropharynx and esophagus. These
lesions can be induced by viral infections, which are preva­
lent in those locations. As HN patients sunrive longer.

Figure 8-32 Double-eontrast colon examination shows matte:!
mucosal destruction in the rectum. TIus is secondary to infih.~
lymphoma of the bowel in this AIDS patient.



the possibility of further intestinal malignancies must be
considered.

GASTROINTESTINAL HEMORRHAGE

Acute gastrointestinal hemorrhage is a major clinical
problem resulting in substantial morbidity and mortality.
TIle prompt diagnosis of the site and possible cause of
the bleeding is important, and it is an area in which the
radiologist can play an important interventional role.
Acute hemorrhage for this discussion involves patients
with a loss of blood sufficient to produce orthostatic
dizziness, which usually requires a loss of at least 2 U of
blood, or shock, which begins after the loss of 3 to 4 U
of blood.

Localization of the site of bleeding is CnJcial in the
initial stages. Hematemesis, or the vomiting of blood
(either bright red or "coffee-ground" color), is associated
with lesions proximal to the tigamenr of Treitz (Fig. 8-33).
Melena, or black tarry stools, is also more commonly
associated with upper gastrointestinal bleeding and less
commonly with the small bowel or proximal colon.
Hematochezia, the passage of red or maroon blood
through the recnlill, typically is seen with hemorrhoidal
bleeding or colonic hemorrhage and less frequently with
bleeding from the small bowel or LIpper gastrointestinal
tract (Fig. 8-34).

Myriad disorders can cause gastrointesrinal bleeding;
the most conmlon are listed in Box 8-11. The frequency
with which these are encountered depends on the

Figure 8·33 Selective injection of the left gastric artery shows
a small area of extlJ.vasation near tlle gastroesophageal junction of
the stomach. This is a result of a Mallory-\"<'eiss lear.
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demographics of the clinical population at a partiCular
location. A sufficient knowledge of the patient's medical
and surgical history is important in establishing a prompt
diagnosis, but this is not always feasible in an emergency
situation.

Diagnostic Imaging

Several diagnostic modalities exist for establishing the
site and cause of the bleeding point (Boxes 8-12 and
8-13). Endoscopy has been considered the primary diag­
nostic tool for the evaluation of acute hemorrhage.
Advantages include accurate diagnosis as to the bleeding
site, delineation of the cause of the hemorrhage, and
possible therapeutic intervention. Diagnosis is relatively
independent of the rate of bleeding. The accuracy of
endoscopy for upper gastrointestinal hemorrhage can
approach 90% or better for some endoscopists.
Accuracy is rypical1y lower in lower gastrointestinal
hemorrhage because measurement is impeded by blood
and stool. Also, small bowel hemorrhage cannot be
visualized-only inferred-with endoscopic procedures.
An advantage of endoscopy is that an accurate delin­
eation of the cause and severity of the bleeding can be
obtained. A bleeding malignant ulcer can be differenti+
ated from gastritis, potentially causing a significant
change in management. Also, arterial bleeding, including
the visualization of the bleeding vessel, can be differen­
tiated from slower venous bleeding, again changing
management. Bleeding at multiple Sites, which is not an
unusual occurrence, can be identified. Finally, therapeutic
attempts to control the bleeding can be used with variable
success by the endoscopist. Usual1y this consists of using
lasers or injecting sc1erotherapeutic agents.

cr arteriography using the new multidetector scanners
has dramatically improved arterial visualization to the
point that bleeding sites (puddling of contrast material)
can often be seen. As this technology is further refined,
it may replace routine arteriography and diagnostic
endoscopy in the identification of bleeding sites in the
intestines and multiple other sites and organs throughout
the body.

Angiography is another modallty best performed in
patients who are having a brisk, acute bleeding episode.
Diagnostic accuracy depends on the site of the bleeding
and its underlying cause. Most important for angiography,
however, are the rate and nature of the bleeding. For
angiography to be sllccessful, it is generally considered
that the rate of bleeding should exceed 0.5 mLimin.
Also, the bleeding must occur over the few seconds that
the arterial injection occurs. [f bleeding is intemlittem,
which is common, it may not be shown, unless it is
sufficiently active at the time of injection. Some clini­
cians find angiography to be the most advantageous
technique, perhaps better than endoscopy, in massive
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Figure 8-34 Injection of contr.tst material via the superior mesenteric artery (A) shows pooling
in the splenic flemre (arrows) or the colon (8).

lower gastrointestinal hemorrhage (Fig. 8-35). er arteri·
ography, as mentioned previously, is coming into its
own as a method of determining the state of blood vessels
and the site ofa potential bleed. This is an exciting devel·
opment in CT technology and will result in fast results at
a fraction of the price of angiography.

A distinct advantage of angiography is the potential
for therapeutic intervention. T\vo major tools of the
angiographer are vasopressin infusion and embolotherapy.
Vasopressin is a vasoconstrictor (the use of which has
declined); when given intraarterially, it diminishes blood
flow and causes bowel wall contraction. Although its use

Box 8-11 Common Causes of
Gastrointestinal Hemorrhage

UPPER GASTROINTFSTINAL TRACf

Ulcer:;; (gastric or duodenal)

Gastritis
Varices
Mallory-Weiss tear
Neoplasm (primary or secondary)
Vascular anomalies
Esophagitis

LOWER GASTROINTESTINAL TRACf

Diverticula
Vascular anomalies
Neoplasm
lnflammatory bowel disease
Hemorrhoids
Ischemia

is complex, usually doses of 0.2 to 0.4 U/min decrease
or SlOp arterial bleeding. This rate of infusion is dimin­
ished over hours as long as bleeding has SlOpped.
Complications include ischemia or infarction of the
bowel, thrombosis, peripheral ischemia, elevated blood
pressure, arrhythmias, and fluid imbalance.

Embolotherapy, which is now the treatment of choice,
consists of the placement of coils or pennanent material
intraarterially through the catheter. Embolotherapy also
can be the initial choice if unusual lesions, such as
arteriovenous malformations or large tumors, are
encountered. Vessel embolization has proved to be
extremely successful. There are risks, however, which
include infarction of that segment or adjacent segments of
bowel. The material also can be displaced or migrate to

other parts of the body, causing secondary complica­
tions. Finally, if embolization is too proximal, bleeding
can continue as other coUateral channels open up to the
bleeding site.

Radionuclide scintigraphy is one of the most sensitive
methods for detecting gastrointestinal hemorrhage.

Box 8-12 Diagnostic Procedures in
Gastrointestinal Hemorrhage

Endoscopy/cr arteriography
Angiography
Nuclear SCintigraphy

Tagged red blood cells
Sulfur colloid

Barium studies



Box 8-13 Sensitivity of Modalities in
Detecting Gastrointestinal
Bleeding

CT arteriography-variable
Endoscopy-variable
Angiogmphy-O.5 mL!min
Tagged red blood cells-O.OS to 0.2 mLlmln
Sulfur colloid-<O.l mL/min

With this technique technetium·99m isotope is attached
to either red blood cells or sulfur colloid. There arc certain
advantages with each type. Tagging of red blood cells is
best done in vitro, but is morc difficult. TIle tagged red
blood cells stay within circulation for hours, and scanning
can be done immediately and with a delay of 24 hours.
\Vhen an active site of bleeding exists, the tagged red
blood cells afC seen as an area of increased radioactivity
in the bowel, distinct from the vascular structures. The
amount of bleeding that can be identified is usually 0.1 to
0.2 mL/min, and on delayed images 0.05 mL/min can be
detected. Usually at least 5 mL of blood must extravasate
to be visualized. The major advantage is that intermittent
bleeding can be identified because the isotope remains
within the blood for many hours. Difficulty arises in that

Figure 8-35 At least three bleeding sites (arrows) are seen in
the descending colon because of diverticula. Multiple areas of
simultaneous bleeding are unusual.
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the exact origin of the bleeding may not be determined
on delayed images because of bowel peristalsis. Artifact
from excretion of tmbound technetium-99m also can be
encountered, yielding false-positive results.

The other radionuclide is technetium-99m sulfur col­
loid. After injection of the material, it actively circulates
for minutes before it becomes bound within the liver,
spleen, and bone marrow. By ] 5 minutes, a substantial
amount of tracer has been cleared from the blood.
Active bleeding during this interval is seen as a focal area
of activity within the abdomen. A major advantage is that
minute amounts of bleeding (:::;0.1 mL/min) can be
detected. Also, smalJer amounts of bleeding can be seen
because the background activity diminishes, providing
better contrast. However, for the bleeding to be visual­
ized, it must be active during the 10 to 15 minutes of
maximum circulation of the isotope. Also, activity in the
liver and spleen can obscure bleeding paints.

The use of barium is not indicated for acute severe
hemorrhage. Even if barium studies show a pathological
condition such as a tlunor, this does not confirm that the
bleeding is from that point or possibly from an ulcer or
diverticulum. A barium study never identifies the actual
site of bleeding; it only shows gross pathology. Finally,
residual barium within the gastrointestinal tract can
interfere with other modalities, such as angiography,
endoscopy, or CT, if those need to be performed after a
barium study.
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