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Series Preface

When Denis Diderot started the first encyclopedia in the eighteenth century, it
was a groundbreaking and timely event. It was the time of the Enlightenment,
and knowledge was seen as something which was to be spread to many and to
build upon by creating new knowledge. His ambition was to bring all available
knowledge together in one series of books so that every person who could read
has access to all there is to know. Nowadays, in a time of easily accessible
knowledge, the question is whether there is still need of an encyclopedia. It is
obvious that the amount of knowledge is such that it is not possible to bring it
all together in one encyclopedia. One may argue that the Internet is the
encyclopedia of today, but that misses an important point of Diderot, a point
that is probably even more valid today. He created a team that valued infor-
mation and selected what was worth to be presented in the encyclopedia. He
recognized that science is not a democratic process where the majority decides
what is true and valuable, but rather a growing body of knowledge in which
radical ideas from individuals may bring about huge changes, even though
most would reject these new ideas in the beginning. Indeed, the Internet lacks
such authority and it is not easy to select valuable information from nonsense,
especially when one is not an expert in a certain field.

It is therefore that an encyclopedia is only as good as the team that creates
it. It goes without saying the team that is responsible for the Encyclopedia of
Pathology consists of recognized experts in the field. Pathology is a growing
medical discipline in which the amount of information is probably already
more than that the whole encyclopedia of Diderot contained. For experts in
subspecialties within pathology, it is already almost impossible to keep an
overview on new developments and to select relevant from less relevant new
information. There are plenty of textbooks for every disease group, and
scientific literature is available for most pathologists through PubMed
or Google Scholar. What is lacking is a systematic overview of what we
know in an alphabetical order, easily accessible to all. The Encyclopedia of
Pathology fills that gap. It is written by experts with the general pathologist in
mind and also specialist from other disciplines. It will consist of a series of
volumes on subspecialties, and when it is completed there will be an online
version combining these. Yearly updates from the online version is foreseen
and readers are welcome to provide suggestions for improvement. These will
be judged by the editorial team in order to keep the encyclopedia authoritative
yet using the expertise of many.

vii



Finally, it is my hope that the encyclopedia will grow into a reliable body of
knowledge in pathology, enabling communication through a common lan-
guage, and that it will grow and adapt to new developments.

Nijmegen, The Netherlands J.H.J.M. van Krieken
April 2017
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Volume Preface

Knowledge in all fields of science is expanding very rapidly together with
advances in technology allowing easy access to publications. The reader has a
whole variety of options ranging from published hardcover books placed on
the bookshelves to online articles accessible via the Internet. The major
advantage of the Encyclopedia of Pathology (published as print edition and
online version) is its structure, providing alphabetically arranged entries, each
of which with a detailed description of a specific pathological disease entity,
allowing the readers to quickly and easily find the information they need.

This encyclopedia volume covers the complete field of the pathology of the
gastrointestinal (GI) tract and is organized in two sections: Upper Gastroin-
testinal Pathology and Lower Gastrointestinal Pathology. More than 200
entries/key terms related to various GI disorders ranging from developmental
abnormalities, infectious diseases, and inflammatory conditions to neoplastic
processes have been entered by more than 75 authors, all experienced and/or
interested in GI pathology. Each entry consists of a brief definition and clinical
and histopathologic features of the entity accompanied with gross and micro-
scopic photographs, tables, and figures. An average of five references was also
provided for each entry. In order to facilitate the search function, key terms
were highlighted and activated so that “clicking” would be possible to search
through the entries.

We sincerely hope that the volume will help the pathologist to get basic
information related to the search term which would ideally prompt the reader
to search for more. As the GI team including the editors and the authors, we
would like to share our great enthusiasm for GI pathology with the readers.

Porto, Portugal Fátima Carneiro
Lisbon, Portugal Paula Chaves
Ankara, Turkey Arzu Ensari
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A

Abdominal Adhesions

Maria Sotiropoulou
Department of Pathology, Alexandra Hospital,
Athens, Attica, Greece

Synonyms

Pelvic adhesions; Synechiae

Definition

Peritoneal adhesions can be defined as fibrous
bands between two parts of organs or tissues or
both which are normally separated. These fibrous
bands develop as part of healing processes that
occur after any tissue disturbance such as surgery,
infection, trauma, or radiation. The abdomen and
pelvis are the two most common locations of
adhesions.

Adhesions are rarely congenital andmore com-
monly acquired, of which abdominal-pelvic sur-
gery is the most common cause. Less common
causes are intraperitoneal infections or abdominal
trauma. Congenital adhesions arise during physi-
ological organogenesis, like the frequently
observed attachment of the sigmoid colon to the
left pelvic wall, or can be traced back to abnormal
embryonal development of the abdominal
cavity. These are usually asymptomatic and are
diagnosed incidentally. Patients who undergo

abdominal or pelvic surgery are prone to develop
post-operative adhesions in a percentage esti-
mated to 93%. It was found that all patients who
had undergone an abdominal surgery developed
one to more than ten adhesions. The extent of
adhesions depends on the type and magnitude
of surgery, possible complications, and
intraoperative foreign bodies such as glove,
powder, suture materials etc. Pelvic adhesions
usually occur from cesarean section or hysterec-
tomy and may involve any organ of the
pelvis such as the uterus, ovaries, fallopian
tubes, or bladder. Endometriosis and pelvic
inflammatory disease are the second leading
cause of pelvic adhesions that frequently involve
the area around the fallopian tube. Other inflam-
matory processes such as appendicitis, acute cho-
lecystitis, acute diverticulosis, and Crohn’s
disease are also implicated in the formation of
adhesions.

In any peritoneal surface, damage (operative
trauma, infection, foreign bodies, desiccation,
irradiation, allergic reaction, or chemical injury)
induces a series of biochemical-molecular
biologic cascades involving elements such as
peritoneal fluid, neutrophils, macrophages, and
mesothelial cells. Peritoneal repair and adhesion
development occur through the major pathways of
fibrolytic system, extracellular matrix deposition,
growth factors, cell adhesion molecules and cyto-
kines via angiogenesis, apoptosis, proliferation,
and re-mesothelialization. In any surgery trauma
can occur from various mechanisms, notably
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cutting, abrasion, ischemia, etc. Bleeding and vas-
cular permeability with leakage elicit post-trau-
matic inflammatory response with the release of
proinflammatory cytokines and complement
activation. Fibrinogen from exudate fluid converts
to fibrin with activation of the coagulation
cascade. Fibrin is a tacky substance and causes
adjacent organs or injured serosal surfaces to coa-
lesce. Fortunately, under normal circumstances
fibrin matrix is transient and becomes absorbed
due to activation of the fibrolytic system
(proteases).

If fibrinolysis does not occur or is impaired, the
fibrin matrix becomes more organized by
the ingrowth of collagen-secreting fibroblasts.
In addition to fibrinolysis there are also inhibitors
to prevent excessive fibrin deposition and
degradation. Tissue plasminogen activator (tPA)
and urokinase-like plasminogen activator (uPA)
are capable of converting plasminogen to
plasmin which is a protease degradating various
molecules such as fibrin. Moreover, there are
two groups of plasminogen activator inhibitors
(PAI) which intervene to improve fibrinolysis. In
case which there is peritoneal injury or ischemia,
peritoneal fibrinolysis is depressed, the most
widely accepted pathway leading to adhesion
formation.

Clinical Features

• Incidence
The incidence of intraperitoneal adhesions
after general abdominal surgeries ranges from
67% to 93% and rises up to 97% following
open gynecologic procedures. In autopsy stud-
ies of patients who had laparotomies in their
history, the incidence is 70–90%. Adhesions
are also present in 10.4% of individuals who
have never had abdominal surgery.

• Age
Adhesions occur at any age depending on the
type of previous surgery.

• Sex
Adhesion are more common in women
(with racial predisposition in blacks than
Caucasians) than men (1:1,8).

• Site
The greater omentum is involved in 80% of
post-operative intra-abdominal adhesions and
the bowel in only around 50% (the small bowel
with a higher incidence). Ovarian and fallopian
tube adhesions can be demonstrated in over
90% of the patients after gynecological
adnexal surgery.

• Treatment
The aim of treatment is to prevent the adhesion
formation. Careful and gentle tissue handling,
removal of intraperitoneal blood clots, and
meticulous hemostasis can minimize the adhe-
sion production. Agents such as sodium citrate,
heparin, olive oil, liquid paraffin, ACTH, pepsin,
and amniotic fluid have been used in prevention
with no satisfactory results. Non-steroidal anti-
inflammatory drugs (NSAIDs) and corticoste-
roids have been also tested for their ability to
prevent adhesions, but their effectiveness is con-
troversial due to complications. Barriers are the
most promising group of agents in preventing
the surgically induced adhesions. Surgical
release of adhesions (adhesiolysis) is the only
effective treatment applied by two common
techniques, laparoscopy and laparotomy. Lapa-
roscopic surgery has the theoretical advantage of
inducing adhesions in a minor degree.

• Outcome
Surgical removal of adhesions has a good out-
come in the majority of patients. Unfortu-
nately, in about 11–21% of cases, the
adhesions will reform after surgery.

Macroscopy

Thin or thick adhesive bands between loops of
small bowel, or other organs, omentum, or
abdominal wall are observed. The trapped bowel
segment shows ischemic features, with dark-red
dilated, edematous, and sometimes thin wall.

Microscopy

Adhesions historically have been thought to consist
of avascular scar tissue but instead are highly
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cellular, vascularized, dynamic, and regenerating
structures containing well-developed arterioles,
venules, and capillaries. In early adhesions there
are fibroblasts, inflammatory cells, and macro-
phages in a fibrous matrix. In a high percentage of
patients having recent surgeries, both suture and
starch granulomas with foreign body multinucleate
cells are observed. Later the “mature” adhesion
becomes a highly organized cellular structure
containing arterioles, venules, capillaries, adipose
tissue, and smooth muscle clusters in some areas
displaying fibrosis. It seems that nerve fibers, with
both myelinated and non-myelinated axons, are
present in many patients, with increased incidence
in those with malignancy. Endometriosis-related
adhesions contain more inflammatory cells and
tissue edema than post-surgical and post-infectious
ones.

Immunophenotype

There are not specific immunohistochemical
markers in adhesions.

Molecular Studies

Specific cytokines and growth factors are
responsible for upregulating the expression of
genes which interfere with their produced
proteins in adhesion creation. Transforming
growth factor beta (TGF-b), a cytokine, contrib-
utes to a decrease in peritoneal fibrolytic capacity
by local regulation of PAI-1. The role of interleu-
kin-1 (IL-1) chiefly and IL-1b secondarily inter-
play in pathophysiology of adhesion formation by
stimulating the release of PAI-1 in human meso-
thelial cells. Substance P (SP), a neuropeptide
which can be found in peritoneal fluid and affect
the expression of intercellular adhesion molecules
(intercellular adhesion molecule, ICAM-1; vascu-
lar cell adhesion molecule, VCAM-1), and TGF-b
seem to play a central role. The mRNA levels of
the neurokinin-1 (NK-1) receptor and SP are sig-
nificantly increased in peritoneal adhesions very
early after surgery.

Differential Diagnosis

Sclerosing peritonitis can be differentiated from
adhesions by discrete plaque or continuous sheets
involving hepatic, splenic, diaphragmatic, or
rarely small bowel peritoneum. Differential
diagnosis from desmoplastic mesothelioma may
also be difficult in a small biopsy specimen.
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Synonyms

Bassen-Kornzweig syndrome

Definition

Abetalipoproteinemia (ABL) is a rare, autosomal
recessive lipid storage disorder resulting from
defective lipid assembly within the intestinal
mucosa. It is characterized by the absence of
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apolipoprotein B (apoB-48 and apoB-100) an
essential component of chylomicrons and
VLDL, respectively, responsible for the transport
of dietary fat from the small bowel lumen into the
circulation. The defect is attributed to defective
lipid transfer from the membrane of the endoplas-
mic reticulum to apoB due to mutations in the
gene encoding a microsomal triglyceride transfer
protein (MTTP). As a result, apoB-containing
lipoproteins, namely, chylomicrons, and low-
density and very low-density lipoproteins are
absent from the patient’s bloodstream. Lipid pro-
file reveals low total cholesterol and triglyceride
levels. Infants present with failure to thrive, diar-
rhea, and steatorrhea. Malabsorption of fat-
soluble vitamins leads to neuromuscular impair-
ment including poor muscle coordination, diffi-
culty with balance and movement (ataxia), and
retinitis pigmentosa (due to deficiency of
vitamin A) later in life.

Clinical Features

• Incidence
It is a very rare disorder affecting less than
1:1,000,000 individuals.

• Age
Many ABL patients present in the second to
fourth decades, while a few others present in
the first and sixth decades.

• Sex
No sex predilection for abetalipoproteinemia
has been noted.

• Site
Although ABL is a systemic disorder, the small
intestinal mucosa is the main affected site
where defective fat absorption takes place.

• Treatment
Treatment consists of a low fat diet and
replacement of fat-soluble vitamins involving
large amounts of vitamin E which helps the
body restore and produce lipoproteins. A low
fat diet has been shown to improve steatorrhea
associated with fat malabsorption and allow
absorption of other nutrients essential for
growth and development. Neuromuscular
symptoms are usually treated with

physiotherapy or occupational therapy. Dietary
restriction of triglycerides has also been useful.

• Outcome
Treatment with fat-soluble vitamins, may
delay symptoms, but large majority of the
patients progress. Before the use of high-dose
oral fat-soluble vitamin treatment, many ABL
patients developed neurological complications
before the second decade and some did not
survive past the third decade.

Macroscopy

Endoscopy reveals diffuse granular white
mucosa. No other specific gross findings have
been reported for ABL.

Microscopy

Duodenal biopsies show normal villous
morphology with lipid vacuolization of surface
enterocytes showing intact brush border (Fig. 1).
Because the epithelial cells of the bowel lack the
ability to place fats into chylomicrons, lipids accu-
mulate at the surface of the cell, interfering
with the functions that are necessary for proper
absorption. The distribution of vacuolization
corresponding to lipid droplets is heterogeneous
as fat-filled enterocytes in the villus tip are

Abetalipoproteinemia, Fig. 1 Duodenal mucosa with
preserved villus architecture and vacuolization of the sur-
face enterocytes (H&E; �100)
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associated with normal enterocytes in the crypts
(Fig. 2). The lipid in the enterocytes may be dem-
onstrated by histochemical lipid stains such as Oil
Red O (Fig. 3) and Sudan Black. However, one
would need fresh tissue to perform the former
while the latter works well on paraffin-embedded
tissue. Electron microscopy shows numerous

vacuoles in the cytoplasm of the enterocytes.
There is juxtaposition of intercellular membranes
lacking lipid molecules. This disorder may also
result in fat accumulation in the liver (hepatic
steatosis).

Immunophenotype

There is no distinctive immunophenotypic feature
of ABL.

Molecular Features

Mutation in microsomal triglyceride transfer
protein, MTTP, located in 4q22–q24 in ABL has
been reported.

Differential Diagnosis

Many genetic disorders cause defects in apoB
synthesis among which three main causes of
familial hypocholesterolemia are included: hypo-
betalipoproteinemia (HBL), abetalipoproteinemia
(ABL), and chylomicron retention disease (CRD)
or Anderson’s disease. In HBL apoB on chromo-
some 2 is mutated leading to protein truncation in
apoB. The phenotype is usually milder than ABL.
SAR1B gene, which is involved in chylomicron
transport from the ER to the Golgi, is mutated in
CRD. Histological abnormality is identical in all
three diseases characterized by lipid accumulation
in surface enterocytes of duodenal mucosa.

Similar but less striking findings in the small
intestinal mucosa can be seen in individuals who
have ingested a fat-containing meal before
endoscopy. Long fasting may also cause
similar vacuolization in the enterocytes. In
celiac disease, surface epithelium may show
vacuolization; however these are usually less
striking than those of ABL, and additional fea-
tures including villous abnormalities and IELosis
help to differentiate the two diseases.

Abetalipoproteinemia, Fig. 2 Vacuolization of surface
enterocytes (H&E; �200)

Abetalipoproteinemia, Fig. 3 Presence of lipid in the
vacuolated enterocytes (Oil Red O stain; �200)
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Synonyms

Primary achalasia

Definition

Achalasia is an esophageal disorder of unknown
cause characterized by aperistalsis of esophagus
body and impaired relaxation of the lower
esophageal sphincter (LES).

The most common symptoms for achalasia
presentation are dysphagia, regurgitation, weight
loss, chest pain, and pulmonary symptoms such as
cough. The dysphagia to solids is present in nearly
all achalasia patients and to liquids present in two-
thirds of patients. The onset of the dysphagia is
usually gradual; initially, the dysphagia may be
primarily for solids; however, by the time of clin-
ical presentation, nearly all patients complain of
dysphagia for solids and liquids while eating and
drinking, especially cold beverages. Regurgita-
tion is found in 60–90% of achalasia patients. It
usually occurs shortly after a meal or while recum-
bent. Undigested food is regurgitated. Chest pain
is found in one-third of achalasia patients. It is
retrosternal and is typical of noncardiac chest
pain. Pain is precipitated by eating. Chest pain
occurs in some patients, primarily at night, and
is especially seen in patients with milder disease
when the esophagus is minimally dilated.
Heartburn is a frequent symptom in achalasia,
probably related to retention of acid beverages
such as carbonated or fruit drinks and the
production of lactic acid from retained food in
a dilated esophagus. It is not associated with epi-
sodes of gastroesophageal acid reflux by ambula-
tory pH monitoring or combined multichannel
intraluminal impedance and pH (MIII-pH).

Diagnosis of achalasia is made correctly if
a systematic approach is made; it requires
radiographic, manometric, and endoscopic esoph-
ageal evaluation. Early cases of achalasia may be
misdiagnosed because screening barium X-ray
studies fail to reveal esophageal dilation and peri-
stalsis is not evaluated or endoscopy is used as the
only test for the patient presenting with dyspha-
gia. Barium esophagram with fluoroscopy is the
best initial diagnostic test. Essential features are
bird’s beak narrowing of the LES with incomplete
opening and loss of primary peristalsis. The
esophagus is usually dilated and sometimes tortu-
ous, does not empty, retains food and saliva, and
produces an air–fluid level at the top of the barium
column. Fluoroscopy always shows a lack of peri-
stalsis, replaced by to-and-fro movement in the
supine position. Timed barium swallow assesses
esophageal emptying of barium in the upright
position over 5 min. This technique has been
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shown to be a simple and reproducible method for
objective assessment of esophageal function
before and after treatment of achalasia and corre-
lates with the patients’ symptoms.

Esophageal manometry is the gold standard for
diagnosing achalasia; it is required to establish the
diagnosis of achalasia and must be done in any
patient before pneumatic dilation or surgical
myotomy is planned.

Essential features are aperistalsis and
abnormal LES relaxation. Abnormal LES relax-
ation is seen in all achalasia patients; about
70–80% have absent or incomplete LES relaxa-
tion with wet swallows, while the remainder will
have complete but shortened LES relaxation.
A new technique, the high-resolution esophageal
manometry (HRM) allows a better evaluation of
esophageal body function and a more careful
study of LES and esophagogastric junction
relaxation using the integrated relaxation
pressure – IRP (Fig. 1). HRM has improved the
sensitivity of manometry for detecting achalasia

and greatly helped in making the diagnosis of
achalasia. As reported by a group from the
Northwestern University of Chicago, three
patterns of achalasia are described: Type I,
impaired relaxation with esophageal dilation
and negligible esophageal pressurization; Type
II, pan-esophageal pressurization; and Type III,
spastic contractions of the distal esophageal
segment (Figs. 2, 3, and 4).

Endoscopy is necessary to rule out pseudo-
achalasia secondary to malignancies at the
esophagogastric junction. A typical endoscopy in
an achalasia patient is a dilated and tortuous esoph-
agus. It is not uncommon to find retained food
debris and secretions in the esophagus. The LES
remains closed with air insufflations and appears
puckered. The endoscope usually passes into
the stomach with gentle pressure. The gastroesoph-
ageal junction (GEJ) and gastric cardia are care-
fully examined for evidence of tumors. Other
techniques such as endoscopic ultrasound (EUS)
and computed tomography (CT) scan may be

Achalasia, Esophagus, Fig. 1 Normal esophageal high-
resolution manometry tracing. The wet swallow initiates
a progressive peristaltic contraction. The LES relaxes
completely to the gastric baseline. Normal IRP. (Neurogas-
troenterology and Gastrointestinal Motility Laboratory.

CEDE – Faculty of Medical Sciences New University of
Lisbon, Portugal). UES upper esophageal sphincter, LES
lower esophageal sphincter, IRP integrated relaxation
pressure
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Achalasia, Esophagus, Fig. 2 Achalasia subtypes by
esophageal high-resolution manometry. Type I: Classic
achalasia (Neurogastroenterology and Gastrointestinal
Motility Laboratory. CEDE – Faculty of Medical Sciences

New University of Lisbon, Portugal). UES upper
esophageal sphincter, LES lower esophageal sphincter,
IRP integrated relaxation pressure

Achalasia, Esophagus, Fig. 3 Achalasia subtypes by
esophageal high-resolution manometry. Type II: Classic
achalasia with compression (Neurogastroenterology and
Gastrointestinal Motility Laboratory. CEDE – Faculty of

Medical Sciences New University of Lisbon, Portugal).
UES upper esophageal sphincter, LES lower esophageal
sphincter, IRP integrated relaxation pressure
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helpful in evaluating the patient with suspected
pseudoachalasia.

Clinical Features

• Incidence
The incidence of achalasia is about 0.5 cases
per 100,000 population per year, with
a prevalence of approximately 10 cases per
100,000 population.

• Age
Achalasia can occur at any age, with the peak
incidence between 30 and 60 years of age. In
children, it can be part of the Triple
A syndrome, characterized by achalasia,
alacrima, and adrenocorticotropic hormone-
resistant adrenal insufficiency.

• Sex
Achalasia occurs with equal frequency in men
and women.

• Site
Achalasia is confined to the esophagus.

• Treatment
No treatment reverses the degeneration of
inhibitory neurons of achalasia. Treatment is
directed at reducing LES basal pressure so that
hydrostatic forces of the ingested foods permit
transit into the stomach. The goal is to reduce
the pressure sufficiently to allow transit
without leading to an inordinate amount of
gastroesophageal reflux. Treatment options
include pneumatic dilation, surgical cardio-
myotomy (Heller), botulinum toxin injection,
and medical therapy. Recently, a new approach
of endoscope myotomy was presented. The
disruption of the LES gradient is best accom-
plished by pneumatic dilation or surgical
myotomy and, less effectively, by pharmaco-
logic agents.

Pneumatic dilation aims at disrupting the
LES by forceful dilation using air-filled non-
compliant polyethylene balloons available in
3 diameters (3.0, 3.5, and 4.0 cm). A 3.0 cm
balloon is usually used for initial dilation. With
the recurrence of symptoms, repeat dilations
are performed in a stepwise graded fashion

Achalasia, Esophagus, Fig. 4 Achalasia subtypes by
esophageal high-resolution manometry. Type III: Spastic
achalasia (Neurogastroenterology and Gastrointestinal
Motility Laboratory. CEDE – Faculty of Medical Sciences

New University of Lisbon, Portugal). UES upper
esophageal sphincter, LES lower esophageal sphincter,
IRP integrated relaxation pressure
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using larger-sized balloons. The balloon is
positioned over a guide wire using either endo-
scopic or fluoroscopic control across the LES.
The balloon is then inflated until the balloon
waist (formed by the LES) is obliterated. The
pressure applied is usually 7–12 psi of air, held
for 15–60 s.

Surgical therapy (Heller myotomy) consists
of anterior myotomy across the LES, which is
performed either laparoscopically (abdominal
approach) or open (transthoracic approach).
The circular muscle fibers are divided down
to the level of the mucosa, and the myotomy
extends to several centimeters above the LES
and <1 cm onto the stomach. Anti-reflux sur-
gery (Dor fundoplication) is usually performed
concomitantly.

Botulinum toxin injection inhibits acetyl-
choline release from nerve terminals, thereby
blocking excitatory effects of the cholinergic
neurons. It is injected by an endoscope through
a sclerotherapy needle into the LES; a total
dose of 100 units is divided into 25 unit ali-
quots, one in each quadrant of the sphincter.
This can be performed on patients who are high
risk for pneumatic dilation or surgical
myotomy, such as the elderly or those with
other comorbidities. Botox markedly improves
symptoms in approximately 75% of achalasia
patients. However, symptoms recur in more
than 50% of patients within 6 months. Those
responding to the first injection, the response
decreases with further injections.

The most common medical therapies used
to decrease LES pressure are nitrates and cal-
cium channel blockers. Nitrates increase the
nitric oxide concentration in smooth muscle
cells, which subsequently increases cyclic gua-
nosine monophosphatase (GMP) levels and
results in muscle relaxation. Calcium is neces-
sary for esophageal smooth muscle contrac-
tions, and its action is blocked by calcium
antagonist.

• Outcome
Because pathophysiological changes of acha-
lasia, aperistalsis of esophagus body and
impaired relaxation of the LES, could not be
rectified by any therapeutic measures, the

treatment usually aims at the temporary or
persistent reduction of LES pressure. Treat-
ments with greatest durability involve mechan-
ical disruption of the LES: surgical myotomy
and pneumatic dilation. Esophageal myotomy
lowers LES pressure more consistently than
pneumatic dilation. Partial return of peristalsis
is reported in a small percentage of patients
after pneumatic dilation and in up to 20% of
patients after myotomy.

Pneumatic dilation decreases LES pressure
by 39–68%. Over time, LES pressure seems to
increase to a varying degree. Predictor risk
factors for relapse after pneumatic dilation are
young age (<40 years), male, single dilation
with a 3.0 cm balloon, posttreatment LES pres-
sure >10–15 mmHg, poor esophageal empty-
ing on timed barium swallow, and Type I and
III pattern on high-resolution manometry.
Complications after pneumatic dilation are
reported. The most serious complication from
pneumatic dilation is esophageal perforation,
with an overall rate in experienced hands and
with the new Rigiflex balloon dilators of 1.9%
(range 0–16%). Treatment may be conserva-
tive with antibiotics and total parenteral nutri-
tion, or surgical repair through a thoracotomy
may be required. Other minor complications
include chest pain (15% of patients), aspiration
pneumonia, hematemesis, fever, esophageal
mucosal tear, and hematoma. Complications
of gastroesophageal reflux disease (esophagi-
tis, peptic stricture, and Barrett’s esophagus)
are rare after pneumatic dilation, but 15–35%
of patients have heartburn, responding to pro-
ton pump inhibitors. Over a third of achalasia
patients treated with pneumatic dilation
will experience symptom recurrence during
a 4–6-year period of follow-up. Long-term
remission can be achieved in virtually all of
these patients treated by repeated pneumatic
dilation according to an “on demand” strategy,
based on symptom recurrence.

Esophageal myotomy lowers LES pressure
more consistently than pneumatic dilation.
Depending on the distal extent of the myotomy
onto the cardia, LES pressure is lowered by
55–75%, with the remaining residual pressure
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usually being less than 10 mmHg. Myotomy
lowers intraesophageal pressure and solid
esophageal emptying studies are improved.
Younger patients, especially men, and patients
with higher LES pressures may benefit most
from primary surgery. Patients who fail pneu-
matic dilation or Botox treatment can be suc-
cessfully treated with surgical myotomy, but
repeated Botox injections significantly hinder
the dissection of the submucosal plane, leading
to a high percentage of mucosal perforations of
the operations. Recurrence of dysphagia after
a laparoscopic Heller myotomy is usually the
result of an incomplete myotomy, particularly
on the gastric side, esophageal scarring,
obstruction by the fundoplication, mega-
esophagus, or complications of severe GERD,
including esophagitis or peptic stricture.

Pneumatic dilation versus Heller myotomy
has been compared in multiple studies, includ-
ing randomized studies. Recently, an achalasia
trial involving five European countries ran-
domized 94 patients to Rigiflex pneumatic
dilation (3.0 and 3.5 cm) and 106 to laparo-
scopic Heller myotomy with Dor fundop-
lication. After 2 years of follow-up, both
treatments had comparable success rates: 92%
for pneumatic dilation and 87% for laparo-
scopic myotomy. Barium swallow emptying
and LES pressures were similar for both
groups. Four perforations occurred
after pneumatic dilations, compared to 11 peri-
operatively recognized perforations
(1 converted to open operation) during
laparoscopic Heller myotomy.

The choice between treatment options
should be based on achalasia patients (patient
age, patient surgical risk), randomized compar-
ative studies, local medical centers (gastroen-
terologists with expertise in pneumatic dilation
and surgeons in laparoscopic cardiomyotomy),
and patient option.

Patients with long-standing achalasia have
a small risk for developing an esophageal
cancer over that of the general population.
Risk factors for achalasia patients are male,
older patients, long-standing disease, and
megaesophagus. There are no guidelines of

Endoscopy Societies that recommend routine
endoscopy surveillance for squamous cell
cancer in achalasia.

Macroscopy

The most striking macroscopic aspect of primary
achalasia is the dilation of the esophageal body
associated to impaired relaxation of the LES. The
thickness of the esophageal wall may be normal,
thicker than normal owing to muscular hypertro-
phy, or thinned in result of esophageal dilation. The
mucosal lining may be unaffected, but it is usually
damaged as a consequence of stasis and retained
food debris. During endoscopy macroscopic evi-
dence of inflammation or ulceration may be found.

Microscopy

The histologic picture usually confirms the
macroscopic findings of esophageal dilation with
or without hypertrophy of the muscular layers.
The myenteric ganglia are usually absent from
the esophageal body but may be reduced in num-
ber in the LES. Esophagitis, with or without ulcer-
ation, is usually present and Candida esophagitis
is a frequent complication.

Immunophenotype

Not applicable

Molecular Features

Not applicable

Differential Diagnosis

Various disorders with similar manometric and
radiologic features similar to achalasia should be
considered in making a diagnosis of achalasia
(Table 1). The most common disorders mimicking
primary achalasia are malignancies and Chagas
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disease, with the disorders being rare case reports.
Tumors cause pseudoachalasia by encircling or
compressing the distal esophagus or infiltrating
the esophageal myenteric plexus and impairing
inhibitory LES innervation. Clinical features that
suggest malignancy are age, short duration of
symptoms, and excessive weight loss. Barium
studies could reveal findings of secondary achala-
sia: an eccentric, nodular, or shoulder segment of
distal esophageal narrowing; narrowed distal
esophageal segment that was longer 3 and 5 cm;
and a minimal degree of esophageal dilation of
4 cm or less. Esophagogastroduodenoscopy
(EGD) findings include mucosal ulcerations or
nodularity, reduced compliance of the GEJ, or

the inability to pass the endoscope into the stom-
ach. EGD with biopsies results in the diagnosis of
pseudoachalasia in most patients. EUS is helpful
in selected patients. Computed tomography (CT)
scan could show marked (>1 cm) and/or asym-
metric esophageal wall thickening but usually find
only nondiagnostic features unless massive tumor
involvement is present.
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Synonyms

Acute erosive gastritis; Acute erosive gastropathy;
Acute hemorrhagic gastritis; Stress gastritis

Achalasia, Esophagus, Table 1 Secondary causes of
achalasia

Malignancies (pseudoachalasia) involving the
gastroesophageal junction (GEJ):

Adenocarcinoma (breast, gastric, lung, prostate)

Esophageal squamous cell carcinoma

Lymphoma (gastric, esophageal)

Esophageal lymphangioma

Malignancies (pseudoachalasia) remote from the GEJ:

Brainstem metastasis

Hodgkin’s disease

Hepatocellular carcinoma

Gastric adenocarcinoma

Poorly differentiated lung carcinoma

Reticular cell carcinoma

Peritoneal mesothelioma

Retroperitoneal B-cell lymphoma

Nonmalignant esophageal infiltrative disorders:

Amyloidosis

Leiomyomatosis

Eosinophilic esophagitis

Sarcoidosis

Sphingolipidosis (Anderson–Fabry’s disease)

Miscellaneous:

Chagas disease

Congenital lower esophageal diaphragmatic web

Diabetes mellitus

Familial adrenal insufficiency with alacrima

Multiple endocrine neoplasia type IIb

Pancreatic pseudocyst

Post-vagotomy

Laparoscopy Nissen fundoplication

Laparoscopic banding operative for obesity
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Definition

Acute gastritis is a broad term referring to many
disorders that may induce acute inflammatory
changes in the gastric mucosa. Distinguished are
acute hemorrhagic gastritis and acute infectious
gastritis. In this entry the emphasis is especially
on acute hemorrhagic gastritis, clinically
characterized by a sudden onset of symptoms
and rapid resolution after the underlying
etiological mechanisms or agents (either
chemical or physical) have been corrected.
The different etiologies share the same general
clinical presentation; however, they differ in
their own unique histologic pattern with or with-
out hemorrhage and erosive changes.

Acute gastritis is mostly associated with
the intake of large doses of aspirin or other
nonsteroidal anti-inflammatory drugs (NSAIDs),
excess alcohol, or ischemic injury following
major trauma. In many cases the etiology remains
unknown. Generally, acute gastritis arises when
there is an acute imbalance between mucosal
injury and repair mechanisms. Mucosal irritants
such as acid, pepsin, bile salts, NSAIDs, alcohol,
and other chemicals cause injury. Mucoprotective
factors include gastric mucus, tissue prostaglan-
dins, intramural pH, bicarbonates, epidermal
growth factors, mucosal blood flow, and the
regenerative ability of gastric mucosa. The injury
starts with direct irritant reaction of chemical
agents and leads to mucosal erosion, necrosis,
and hemorrhage. Additional injury is caused by
acid, pepsin, and bile salts that gain entry resulting
from the disrupted mucosal barrier. Suppression
of acid secretion with proton pump inhibitors can
reduce the severity of mucosal damage and facil-
itates mucosal healing.

Clinical Features

The symptoms in patients with acute gastritis
range from abdominal discomfort to clinically
alarming manifestations associated with massive
bleeding or gastric perforation. Patients often pre-
sent with acute gastroenteritis-like illness with
burning epigastric pain, nausea, vomiting,

hematemesis, melena, and occult bleeding.
Patients with gastritis induced by aspirin or other
NSAIDs may present with hypochromic, micro-
cytic anemia caused by undetected chronic
bleeding.

• Incidence
The exact incidence of acute gastritis is
unknown.Most often symptoms will be treated
without histological confirmation. The major-
ity of patients within intensive care units
develop mucosal ulcers and around 20%
develop overt bleeding with up to 5% leading
to life-threatening bleeding. Studies have
found acute hemorrhagic gastritis as the cause
of upper GI bleeding in 6–34% of cases.

• Age
Patients are mostly older, above 60 years, but
acute gastritis can develop at any age.

• Sex
No sex predilection.

• Site
Stress-related ulcers develop in the fundus and
corpus; NSAID-related erosions and alcoholic
binge-related damage are centered in the
antrum.

• Treatment
Treatment should be targeted to identify and stop
the offending agent. The patient may need to be
stabilized using intravenous fluids and blood
transfusion, H2 blockers, proton pump inhibi-
tors, and prostaglandin analogues. Surgical inter-
vention may be needed for stopping massive
bleeding in approximately 5% of cases.

• Outcome
Most cases have an uneventful course with full
recovery within a short period. The outcome is
greatly variable and depends on the etiologic
agent involved and underlying illness of the
patient. Patients with aspirin- or alcohol-
induced injury usually make a quick recovery,
whereas hypoperfusion-related gastritis (stress
ulcer) is associated with greater morbidity and
mortality. The overall mortality of acute hem-
orrhagic gastritis may reach up to 50% in seri-
ously ill patients. Treatment with proton pump
inhibitors or antacids has proven useful pro-
phylactically in patients using NSAIDs.
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Macroscopy

Acute gastritis is characterized grossly by
hyperemic edematous mucosa with dark
erosions, redness, and widespread petechial
hemorrhages in any portion of the stomach or
regions of confluent mucosal or submucosal
bleeding. Sometimes aphthous ulcerations and
rarely perforation are observed. The picture may
change rapidly so that 24–48 h after bleeding has
stopped the mucosa may appear normal. The pat-
tern of distribution is related to the cause, with
gastrotoxic substances as NSAIDs and ethanol
causing mucosal damage predominantly in the
antrum, while stress-related ulcers more often
are located in the corpus or fundus region.

Microscopy

Histological findings depend on the biopsy inter-
val. Frequent observed histological changes are
dilation and congestion of mucosal capillaries,
edema, interstitial hemorrhage within the lamina
propria, mucosal sloughing, superficial erosions
with fibrin, and usually mild neutrophilic infiltrate
(Fig. 1). Regenerative changes are seen in the
preexistent mucosa with elongation and
tortuosity of foveolae (Fig. 2). Other regenerative
features associated with healing are increased
proliferation with prominent mitotic activity,
hyperchromatic nuclei, prominent nucleoli,

amphophilic cytoplasm, and mucin depletion.
These changes should not be mistaken for
dysplasia or malignancy.

Ethanol/Medicines/Drugs/Corrosive
Substances
Gastric mucosal damage related to various sub-
stances and drugs is more and more commonly
recognized.

– Alcohol causes direct damage to the gastric
mucosa, and the amount of injury is related to
the alcohol concentration obtained. Features of
alcohol-induced injury range from hyperemia
and petechia to necrosis and severe
hemorrhage.

– Acute upper gastrointestinal bleeding with dif-
fuse hemorrhagic and necrotic gastritis and
duodenitis is described in patients using
cocaine (benzoylmethylecgonine). Cocaine
has systemic effects on the nervous system
mediated by alterations in synaptic transmis-
sion, and activation of the sympathetic nervous
system may produce intense vasoconstriction
leading to ischemia and necrosis in the gastro-
intestinal tract.

– Aspirin and other NSAIDs may induce acute
gastritis. Identified risk factors include advanced
age, history of ulcer, concomitant use of
corticosteroids, high doses or combined use
of NSAIDs, concomitant administration of

Acute Gastritis, Fig. 1 Superficial necrosis with
congestion and fibrinopurulent exudate

Acute Gastritis, Fig. 2 Regenerative changes with elon-
gation and tortuosity of foveolae and mild lymphocytic
inflammatory infiltrate
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anticoagulants, and serious systemic disorder.
Mucosal injury is initiated topically by the acidic
properties of aspirin and other NSAIDs. The
systemic effects of NSAIDs are largely the effect
of their cyclooxygenase-inhibiting action
inhibiting endogenous prostaglandin synthesis.
Prostaglandin inhibition, in turn, leads to
decreases in mucosal blood flow, epithelial pro-
liferation, epithelial mucus, and secretion of
bicarbonate that have protective roles on the
mucosal surface. This leads to impairment in
mucosal resistance and permits injury by endog-
enous irritants including acid, pepsin, and bile
salts as well as by exogenous factors such as
NSAIDs, concomitant use of ethanol, and other
noxious agents. The spectrum of NSAID-related
gastroduodenal injury includes subepithelial
hemorrhage, erosions, and ulcerations.

– Iron pills give mucosal changes through local
corrosive effects. The mechanism of injury is
unclear, but it is possible that the physiological
transport channels of iron are overrun and
oxygen metabolites secondary to ferrous and
ferric iron metabolism mediate the mucosal
damage. In biopsies necrosis is seen with
golden brown pigments that can be highlighted
by an iron stain.

– Gastric mucosal calcinosis refers to the presence
of small, pink, and calcified crystals found
beneath the surface epithelium of the antrum.
This is seen in posttransplant patients or chronic
renal failure patients and is caused by either
aluminum-containing antacids or sucralfate.

– Colchicine, used to treat a variety of medical
conditions (mainly gout), leads to gastrointes-
tinal mucosal changes when this alkaloid
reaches toxic levels in patients with renal fail-
ure or impaired hepatic function. Reported his-
tologic features in the gastric antrum and
duodenum include metaphase mitoses, crypt
apoptotic bodies, epithelial pseudostratifi-
cation, and loss of polarity. Recognition is
important since colchicine toxicity which can
be fatal is undiagnosed clinically.

– Erosive or ulcerative lesions with a typical
mosaic pattern of kayexalate crystals may be
observed in patients using kayexalate.
The cation-exchange resin kayexalate (sodium

polystyrene sulfonate) is administered in
a suspension with hypertonic sorbitol to
patients with renal failure to treat hyper-
kalemia. The acute damage in the
gastrointestinal tract is probably caused by
the hyperosmotic action of sorbitol.

– Various chemotherapeutic agents can induce
acute gastritis. In biopsies obtained from onco-
logic patients ulceration and striking epithelial
atypia may be observed in epithelial cells, but
also in stromal and endothelial cells with poly-
morphic nuclei and prominent nucleoli. There
is usually low proliferation and a history of
(recent) chemotherapy. However, it may be
very difficult to differentiate between chemo-
induced changes and (recurrence of)
malignancy.

– Radiation therapy for upper abdominal
malignancy or bone marrow radiation can induce
gastric mucosal injury. Early changes involve
nuclear karyorrhexis and cytoplasmic eosino-
philia of the gastric pit epithelium, followed by
edema, congestion, and erosion with fibrin depo-
sition. The superficial necrosis and lamina propria
hyalinization with vascular thrombi can mimic
ischemic gastritis.

– Uncommonly the accidental or suicidal
ingestion of corrosive substances (acid and
alkali ingestion) may lead to erosive
esophagitis and acute gastric injury.

Stress Ulcer
Acute gastritis is observed in patients in critical
condition. Changes are mediated by ischemia
related to shock with hypotension, decreased
gastric mucosal blood flow, vasoconstriction,
and reperfusion injury with release of free oxygen
radicals. Patients occasionally exhibit both gastric
and duodenal ulcers, and deep ulceration can even
cause perforation of the stomach. Stress ulcers and
erosions, long known to occur in severely burned
persons (Curling ulcer), commonly result in
bleeding, which is occasionally severe. Trauma
to the central nervous system, either accidental
or surgical (Cushing ulcer) is another cause of
stress ulcer. Injury to the brain can lead to
increased acid secretion in the stomach, presum-
ably as a result of increased vagal tone. Severe
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trauma, postoperative stage, especially accompa-
nied by shock, sepsis, and incapacitation from
many debilitating chronic diseases also predis-
pose to the development of ulcerative acute hem-
orrhagic gastritis. Microcirculatory changes in the
stomach induced by shock or sepsis suggest that
ischemic injury may contribute to the develop-
ment of acute hemorrhagic gastritis. Certain
types of prolonged psychological stresses have
also been reported to produce erosive lesions in
the stomach and duodenum.

Infectious Agents Associated with Acute
Infectious Gastritis
Infection with Helicobacter pylori almost never
elicits an acute inflammatory gastritis. Acquiring
of infection with H. pylori is often at child age,
and asymptomatic H. pylori-associated gastritis at
later age is typically a chronic active gastritis with
superficial diffuse lymphoplasmacytic and (focal)
active neutrophilic infiltrate. Infectious agents
causing acute inflammation can be viruses,
including Cytomegalovirus characterized by
focal, enlarged endothelial, stromal, or epithelial
cells with owl’s-eye intranuclear inclusions or
intracytoplasmic inclusion bodies; herpesvirus
showing epithelial cells with ground-glass nuclei
and eosinophilic intranuclear inclusions
surrounded by a clear halo; and Epstein-Barr
virus characterized by enlarged lymph nodes.
Emphysematous and acute suppurative
(phlegmonous) gastritis can be caused by bacte-
rial infections, including streptococci, E. coli,
enterobacteria or other Gram-negative bacilli,
and Staphylococcus aureus. Other rare infectious
agents of acute inflammatory gastritis, often asso-
ciated with underlying AIDS, areMycobacterium
tuberculosis, actinomycosis, syphilis, fungi
including Candida, and parasitic infections such
as cryptosporidiosis, Strongyloides stercoralis,
and anisakiasis.

Immunophenotype

Not applicable.

Molecular Features

Not applicable.

Differential Diagnosis

– Chronic active Helicobacter pylori-associated
gastritis and peptic ulcer are sometimes diffi-
cult to separate from acute gastritis. Features
more in favor of acute hemorrhagic gastritis
include relatively minimal active inflammatory
infiltrate, but abundant edema, hemorrhage,
patchy necrosis, and reactive epithelial
changes. In extreme cases, penetrating ulcers
are associated with necrosis extending through
to the serosa. In most cases, there is only mild
neutrophilic and mononuclear inflammation.
Healing is usually complete within a few days.

– Other causes of upper gastrointestinal bleeding
include bleeding from esophageal varices and
Mallory-Weiss tear.

– Regenerative features can raise suspicion of
dysplasia or adenocarcinoma. Features favor-
ing true dysplastic changes include surface
nuclear stratification and atypia, hyper-
chromasia, intestinal metaplasia, and increased
mitoses.

– Commonly seen are hemorrhagic changes in
biopsies due to biopsy forceps trauma; this
should not be mistaken for acute hemorrhagic
gastritis. In these biopsies there is no accom-
panying injury such as regenerative changes,
necrosis, or inflammation.
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Synonyms

Adenocarcinoma with squamous metaplasia

Definition

Adenoacanthomas are adenocarcinomas which
contain foci of benign-appearing squamous meta-
plasia (Fenoglio-Preiser et al. 2008a). The litera-
ture is somewhat obscure on the subject of
adenoacanthomas as this designation was previ-
ously used to refer to carcinomas with combined
glandular and squamous components, regardless
of the appearance (benign or malignant) of the
squamous component. As such, much of the liter-
ature concerning adenoacanthomas actually
describes adenosquamous carcinomas.

The origin of the squamous epithelium is sub-
ject to debate. Some authors believe that
adenoacanthomas may arise from adenomas with
squamous morules or squamous metaplasia
(Fenoglio-Preiser et al. 2008a). A common view
on the origin of neoplasias with glandular and
squamous components in the colon is that they

arise from direct stimulation, by repeated mucosal
trauma, of uncommitted basal cells that are capa-
ble of differentiating into glandular and squamous
cells (Ngo et al. 1999).

Clinical Features

• Incidence
Adenoacanthomas in the gastrointestinal (GI)
tract are very rare. Actually, some authors
report that all forms of gastric cancer that
express a squamous phenotype probably
amount to less than 0.5% of gastric carcino-
mas. Also, adenoacanthomas account for less
than 0.2% of all colonic malignancies
(Fenoglio-Preiser et al. 2008b).

• Age
There does not seem to exist a difference in
the age spectrum regarding adenoacanthomas
in relation to other adenocarcinomas (Frizelle
et al. 2001).

• Sex
There is no gender predilection.

• Site
Adenoacanthomas have been described
throughout the GI tract, in the esophagus,
stomach and colon. There are some reports of
adenoacanthomas occurring in the gallbladder
and pancreas (Redston 2009).

• Treatment
Treatment modalities do not differ from other
adenocarcinomas, depending on site and stage
(Redston 2009).

• Outcome
The natural history of adenoacanthomas is sim-
ilar to pure adenocarcinomas (Redston 2009).

Macroscopy

Adenoacanthomas are not grossly distinctive
(Fenoglio-Preiser et al. 2008a). They can appear
as ulcerating, polypoid or infiltrative lesions that
reflect the adenocarcinoma component which is
the predominant feature in these tumors.
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Microscopy

Adenoacanthomas are composed of a predomi-
nant adenocarcinoma component with tubules
and trabeculae of neoplastic mucin secreting
cells. These are infiltrative, and show variable
degrees of atypia and mitotic activity.
Intermingled with the glandular component there
are squamous morules, well differentiated, with
frequent keratinization (Fig. 1). The squamous
component does not show prominent atypical fea-
tures or mitotic activity and is, on the contrary,
very benign appearing and bland (Fenoglio-
Preiser et al. 2008b).

Immunophenotype

Adenoacanthomas stain with keratins. The
glandular and squamous components of the
tumors have an immunophenotype that corre-
sponds to their line of differentiation. The
squamous component stains frequently with
high molecular weight keratins. One study
reported on CD44 as a marker of squamous
differentiation in adenosquamous neoplasms
(Ylagan et al. 2000).

Kreyberg histochemical method stains differ-
ently mucin containing adenocarcinoma cells and
the squamous component.

Molecular Features

Particular molecular features of adenoacanthomas
of the GI tract have not yet been published.

Differential Diagnosis

Adenoacanthomas must be distinguished from
adenosquamous carcinomas, since the latter
are frequently associated with a less
favourable outcome (Fenoglio-Preiser et al.
2008b). Adenosquamous carcinomas are com-
posed by glandular and prominent squamous
malignant components with variable degrees of
atypia and differentiation.

References and Further Reading

Fenoglio-Preiser, C. M., Noffsinger, A. E.,
Stemmermann, G. N., Lantz, P. E., & Isaacson, P. G.
(2008a). Epithelial neolasms of the stomach. In
J. McGouh& J. Pine (Eds.),Gastrointestinal pathology
an atlas and text (p. 258). Philadelphia: Lippincott
Williams & Wilkins.

Fenoglio-Preiser, C. M., Noffsinger, A. E., Stemmermann,
G. N., Lantz, P. E., & Isaacson, P. G. (2008b). Epithelial
neoplasms of the colon. In J. McGouh & J. Pine (Eds.),
Gastrointestinal pathology an atlas and text (p. 981).
Philadelphia: Lippincott Williams & Wilkins.
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Definition

The World Health Organization (WHO) has
defined “adenocarcinoma” as “a malignant
epithelial tumor with glandular differentiation”
(WHO 2010). Esophageal adenocarcinomas
arise primarily in the lower third of the esophagus
from Barrett’s mucosa. Heterotopic gastric
mucosa in the upper esophagus, mucosal, and
submucosal glands can also give rise to
adenocarcinomas of the esophagus. In the
stomach, the most frequent site of “non-cardia”
gastric cancer is the distal antro-pyloric region. In
contrast to distal esophageal adenocarcinomas,
there has been a steady decline in incidence of
gastric (non-cardia) carcinoma over the last
15 years.

Adenocarcinoma of the esophagus,
gastroesophageal junction (GEJ), and proximal

stomach share many characteristics and risk
factors. The incidence is increasing in high-resource
countries; there is a high male:female ratio; and
a higher incidence among whites and groups with
higher socioeconomic status has been reported. In
the last WHO classification, adenocarcinomas of
the esophagus, gastroesophageal junction, and
proximal stomach are described in separate chap-
ters; however, since there are no universally
accepted and clearly reproducible landmarks that
identify the GEJ with precision, the origin of the
tumor extending from the GEJ is often arbitrary.
There is not a separate classification or grading
system for tumors of the GEJ, but an attempt must
be made to classify them into esophagus and gastric
carcinomas. The seventh edition of the AJCC Can-
cer Staging Manual (TNM classification) stages
them as

Carcinomas whose epicenter is located in the lower
thoracic esophagus, GEJ, or within the proximal
5 cm of the stomach that extend into the GEJ or
esophagus are staged as esophageal adenocarci-
nomas. Tumors with an epicenter in the stomach
>5 cm distal to the GEJ or within 5 cm of the GEJ
but not extending into the GEJ or esophagus are
staged as primary gastric carcinomas. (WHO 2010)

Barrett’s esophagus has been identified as the
most important precursor lesion and risk factor of
developing adenocarcinoma. It results from meta-
plastic replacement of the normal squamous
esophageal epithelium by columnar epithelium.
Intestinal metaplasia of the esophagus can
develop when the squamous esophageal
epithelium is replaced by columnar epithelium
during the process of healing after repetitive
injury and is typically associated with gastro-
esophageal reflux disease (GERD). Intestinal
metaplasia around the tumor can be detected in
most patients with esophageal adenocarcinoma.
Patients with Barrett’s esophagus have at least
a 20-fold increased risk of developing esophageal
adenocarcinoma. For more information about
Barrett’s mucosa, the reader is referred to the
entry “Barrett’s esophagus.” There is a three- to
sixfold excess risk of developing esophageal
adenocarcinoma among overweight persons.
Obesity predisposes to hiatus hernia and GERD;
however, a body mass index >25 itself seems to
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be an independent risk factor. Especially abdom-
inal obesity is associated with malignant transfor-
mation; the factors released by centrally deposited
fat may have an effect on the process of metapla-
sia transforming to dysplasia. Other identified
predisposing factors for the development of
esophageal adenocarcinoma include male gender,
white race, smoking, and alcohol consumption. In
countries with an increase in GERD and esopha-
geal cancer, there has been a decrease in incidence
of H. pylori infection. The hypochlorhydria asso-
ciated with H. pylori and ammonia production
from urea by the bacteria may protect the lower
esophagus by changing the content of the gastric
juice (Allum et al. 2011; Bosman et al. 2012).

Gastric cancer has a complex pathogenesis, in
which several factors are involved including
a familial risk and environmental factors, with
the strongest known risk factor being chronic
gastritis induced by H. pylori infection. In 1994,
the WHO classified H. pylori as a class I
carcinogen based mainly on epidemiological
evidence for its role in the pathogenesis of gastric
adenocarcinoma. Several bacterial virulence
factors define the malignant potential of each
H. pylori strain. H. pylori strains expressing all
three genes CagA, VacA, and BabA are associated
with the highest risk of developing gastric cancer.

Esophageal adenocarcinomas have typically
a papillary and/or tubular growth pattern. Gastric
carcinomas are divided into five main categories
according to the WHO classification. These are
termed tubular, papillary, mucinous, poorly cohe-
sive (including signet ring cell type), and mixed
carcinomas. For more detailed information of
tubular, papillary, mucinous, and signet ring cell
carcinoma of the stomach, the reader is referred to
these separate entries. Besides adenocarcinoma
and squamous carcinoma of the esophagus and
the five main categories of gastric carcinomas,
other uncommon histological variants represent
less than 5% of upper gastrointestinal carcinomas.
These include adenosquamous carcinoma, ade-
noid cystic carcinoma, mucoepidermoid carci-
noma, hepatoid adenocarcinoma, carcinoma with
lymphoid stroma, carcinosarcoma, parietal cell
carcinoma, malignant rhabdoid tumor,
undifferentiated carcinoma, mixed adeno-

neuroendocrine carcinomas, choriocarcinoma,
embryonal carcinoma, and pure gastric yolk sac
tumor (WHO 2010). Clinical and histological
features of some of these uncommon histological
upper gastrointestinal carcinomas are discussed
beneath the section “Microscopy.”

Clinical Features

Clinical manifestations of esophageal cancer
include dysphagia, heartburn, retrosternal pain,
and loss of body weight irrespective of histologi-
cal subtype. Gastric cancer often presents with
loss of appetite, epigastric pain, nausea, melena,
and loss of body weight.

• Incidence
The incidence and prevalence of esophageal
adenocarcinoma has risen during the last
decades of the twentieth century in developed
countries and is the fastest growing cause of
cancer mortality. An estimated 456,000 esoph-
ageal cancer cases and 400,000 deaths
occurred in 2012. A large proportion are squa-
mous cell carcinomas, especially in Asian
countries. Esophageal adenocarcinoma is now
relatively common in Europe and the USA,
while it remains rare in Africa, Asia and Latin
America. Most adenocarcinomas of the esoph-
agus arise in the setting of Barrett’s esophagus,
and often areas of dysplastic Barrett mucosa
will be found near the carcinoma. Barrett’s
esophagus affects approximately 2% of the
population in developed countries and is
strongly associated with GERD. In developing
countries this incidence is increasing. The inci-
dence of esophageal adenocarcinoma was esti-
mated at 1–5 per 100,000 individuals per year
in Europa and North America. The countries
with the highest incidence are the United King-
dom, Australia, the Netherlands and the USA.
There have been parallel increases in adeno-
carcinoma of the gastric cardia, which now
accounts for approximately 50% of all gastric
cancers. The incidence of non-cardia carci-
noma of the stomach has been declining the
last 15 years; however the absolute rate
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continues to rise, presumably due to the
advancing age of the global population. A
total of 952,000 new gastric cancer cases and
723,000 deaths are estimated to have occurred
in 2012. Gastric cancer (GC) is the fifth leading
cause of cancer globally and ranks third in
terms of cancer-related mortality. Over 70%
of new cases and death occur in developing
countries. The highest incidence rates are in
Eastern Asia, Eastern Europe and Latin Amer-
ica. Uncommon histological variants represent
less than 5% of upper gastrointestinal carcino-
mas, while exact incidence numbers are not
known of every histological subtype (Ferlay
et al. 2013).

• Age
Incidences of esophageal and gastric cancer
increase progressively with age and are rare
in persons younger than 30 years. The peak
age group is between 50 and 60 years of age,
and this seems to be the same for the more
uncommon histological variant of upper gas-
trointestinal carcinoma.

• Sex
In both gastric and esophageal adenocarci-
noma, men are more affected than women;
the male to female ratio varies between 2:1
and 12:1 (Allum et al. 2011; Ferlay et al.
2013; Parkin, Bray, Ferlay, & Pisani, 2005).

• Site
Esophageal adenocarcinomas arise primarily
in the lower third of the esophagus in
a segment of columnar-lined esophagus. It
develops most commonly in the distal region
of Barrett’s mucosa with intestinal metaplasia.
Heterotopic gastric mucosa in the upper esoph-
agus, mucosal, and submucosal glands can also
give rise to adenocarcinomas of the esophagus.
In the stomach, the most frequent site of “non-
cardia” gastric cancer is the distal antro-pyloric
region.

• Treatment
Esophageal Cancer

Endoscopic mucosal resection is indicated
for early, well-, or moderately differentiated
cancer (T1N0) and mucosal dysplasia. There
are now consistent reports indicating a 5-year
disease-free survival of 95% and a low

morbidity rate. Localized therapy can result in
the development of metachronous cancer in up
to 30% of patients with Barrett’s esophagus.
This recurrence rate can be reduced by ablation
of the remaining Barrett’s epithelium.

Preoperative neoadjuvant chemotherapy and
radiotherapy followed by local esophagectomy is
the preferred treatment in advanced esophageal
adenocarcinoma. Preoperative chemoradiation
improves long-term survival over surgery
alone. Chemotherapy regimen includes cisplatin
and 5-fluorouracil (5-FU). The location, extent of
the proposed lymphadenectomy, patient factors,
and the experience of the surgeon should deter-
mine the operative approach. The operative strat-
egy should ensure that adequate longitudinal and
radial resection margins are achieved with
lymphadenectomy appropriate to the location.
Palliative options include brachytherapy and/or
chemotherapy to provide symptom relief in inop-
erable or metastatic esophageal cancer. Esopha-
geal intubation with a self-expanding stent is the
treatment of choice for firm stenosing tumors
(Allum et al. 2011).
Gastric Cancer

Radical surgery represents the standard
form of curative therapy aiming to excise the
primary tumor with clear longitudinal and cir-
cumferential margins. Early, limited gastric
mucosal cancer can be treated with endoscopic
mucosal or submucosal dissection. Advanced
carcinomas should be treated according to the
location, distally by subtotal gastrectomy and
proximally by total gastrectomy. Cardia tumors
should be treated by transhiatal extended total
gastrectomy or esophagogastrectomy. The
extent of lymphadenectomy should be tailored
to the age and fitness of the patient together
with the location and stage of the cancer. The
distal pancreas, spleen, and splenic nodes
should be removed only when there is direct
invasion and still a chance of a curative proce-
dure in patients with carcinoma of the proximal
stomach. In a palliative setting, limited gastric
resection or a stent in patients with gastric
outlet obstruction can be considered. Perioper-
ative (neoadjuvant and adjuvant) combination
chemotherapy conveys a significant survival
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benefit and is a standard of care. Accepted
perioperative regimens are ECF (epirubicin,
cisplatin, and 5-FU) or ECX (epirubicin, cis-
platin, and capecitabine); trastuzumab in com-
bination with cisplatin/fluoropyrimidine
should be considered for patients with
ERBB2/HER2-neu-positive gastric carcinoma
(Allum et al. 2011).

• Outcome
Prognosis is dependent on whether the intent is
curative or palliative, and this depends on the
depth of mural invasion and the presence of
lymph node or distant metastases. Further-
more, for surgery, there is a strong relationship
between lower hospital mortality and increas-
ing surgeon experience and institutional
patient volumes.

Esophageal carcinoma is often diagnosed at
a late stage, despite the established association
with the precursor Barrett’s esophagus. Up to
50–60% of patients develop invasive adeno-
carcinoma within 3–5 years of a diagnosis of
high-grade dysplastic esophageal epithelium.
In Barrett’s esophagus, there is often duplica-
tion of the muscularis mucosae. Cancers infil-
trating between the inner and outer muscularis
mucosae are considered to be intramucosal
cancer, but they have a higher frequency of
angiolymphatic invasion and lymph node
metastases compared with those that are lim-
ited to the original lamina propria.

The prognosis of early gastric cancer is
good; however, this is predominantly seen in
Asian countries, owing to active screening pro-
grams. In Western countries, approximately
80–90% of patients are diagnosed at an
advanced stage with high recurrence rates
after curative intent therapy. The prognosis
for advanced gastric cancer remains poor,
with reported 1-year and 5-year survival rates
of 42% and 24%, respectively.

Macroscopy

Esophageal carcinomas usually arise in the distal
third of the esophagus. Endoscopically early-
stage carcinoma is difficult to assess and to

distinguish from high-grade dysplasia which is
often multicentric present. Early-invasive carci-
nomas are often small, flat, depressed, whitish
lesions. Advanced adenocarcinoma is often seen
as an axial, tight stenosis in the distal third of the
esophagus with a polypoid tumor. Since pre-
operative neoadjuvant chemotherapy and radio-
therapy is the preferred treatment in advanced
esophageal adenocarcinoma, followed by local
esophagectomy, pathologists increasingly face
resection specimens without macroscopically
identifiable carcinoma.

The growth pattern of advanced gastric carci-
noma is commonly described according to the
Borrmann classification, subdividing polypoid
(type I), fungating (type II), ulcerating (type III),
and diffusely infiltrating (type IV) growth pat-
terns. Most common are the fungating and ulcer-
ating type and associated with an intestinal-type
carcinoma histologically. Diffuse carcinomas
show the diffusely infiltrating growth pattern or
linitis plastica in advanced stage. Mucinous ade-
nocarcinomas have a gelatinous aspect.

Microscopy

Esophageal adenocarcinomas appear as other ade-
nocarcinomas and are composed of irregular
glands with a tubular or papillary growth pattern.
Most adenocarcinomas are well or moderately
differentiated with well-formed glands (intestinal
type, according to the Laurén classification).
Glandular structures are only slightly formed in
poorly differentiated adenocarcinomas and absent
in undifferentiated tumors. A minority of cases is
of the diffuse type with signet ring cells. Some-
times there are scattered endocrine cells, Paneth
cells, or leaks of mucin. Subclassifying of esoph-
ageal adenocarcinomas has no practical, therapeu-
tic, or prognostic value.

Early carcinomas in Barrett’s esophagus
are mostly well- or moderately differentiated
carcinomas. Poorly differentiated carcinomas
are rare. The distinction between high-grade
dysplasia and early invasive (intramucosal)
carcinoma remains difficult. Features of invasive
carcinoma include a syncytial growth pattern,
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micro-glands, and single cells in the lamina pro-
pria and irregular cells with prominent
nucleoli. Current information in literature
regarding the risk for regional lymphogenic
metastatic spread identify low-risk and high-
risk groups based on histological evaluation
(Stolte and Dostler 2012).

Gastric carcinomas are often subdivided into
intestinal or diffuse carcinomas (with the Laurén
classification) or tubular, papillary, mucinous,
poorly cohesive, and mixed carcinomas according
to the WHO classification (see also these separate
entries for more information). Tubular adenocar-
cinoma is composed of dilated, irregular tubules
of varying diameter surrounded by desmoplastic
stroma. Papillary adenocarcinoma is character-
ized by exophytic projections lined by cuboidal
neoplastic cells. Mucinous adenocarcinoma
shows more than 50% extracellular mucin with
irregular neoplastic glands and/or scattered signet
ring cells in these mucin leaks. Poorly cohesive
carcinomas are composed of isolated pleomorphic
cells often combined with classic signet ring cells
(Fig. 1). A tumor predominantly more than 50%
or exclusively composed of signet ring cells is
defined as a signet ring cell carcinoma. Mixed
carcinomas are composed of a mixture of tubu-
lar/papillary and poorly cohesive histological
components.

Other Upper Gastrointestinal
Adenocarcinomas
Mucoepidermoid carcinoma, which is character-
ized by a mixture of mucus-secreting glandular,
intermediate, and epidermoid/squamous cells, is
the most common malignant neoplasm of salivary
glands but relatively uncommon in the esophagus.
Mucoepidermoid carcinomas are most often
found in the middle and lower third of the thoracic
esophagus, with a median length of 5.0 cm. Mac-
roscopically, mucoepidermoid carcinoma is indis-
tinguishable from pure squamous cell carcinoma.
The origin of primary esophageal
mucoepidermoid carcinoma is believed to arise
from the esophageal gland cells or ductal cells.
This is supported by the embryological similar
origin of the esophageal and salivary glands. The
location of the tumor is often submucosal. How-
ever, there is also evidence that the tumor origi-
nates from squamous epithelial cells, since
mucoepidermoid carcinomas of the esophagus
have a different behavior compared to the coun-
terparts of the salivary glands. And most
mucoepidermoid carcinomas also show metaplas-
tic changes in surrounding squamous epithelium.
The diagnosis of primary mucoepidermoid carci-
noma of the esophagus is prone to be mis-
diagnosed by endoscopic biopsy (Chen et al.
2011). Periodic acid-Schiff (PAS) and alcian
blue stains are positive in the mucus and mucus-
secreting cells. In the squamous regions, there are
intercellular bridges, dyskeratotic cells, and pearl
keratinization. Primary esophageal muco-
epidermoid carcinoma is rare, accounting for less
than 1% of all cases of primary esophageal carci-
noma. The median survival time of patients with
mucoepidermoid carcinoma reported by Chen
et al. was 29.0 months (95% confidence interval
20.0–38.0). The 1- and 5-year overall survival
rates were 80.6% and 25.8%, respectively. Also
in other reports the survival rates are lower than
for patients with squamous cell carcinoma, maybe
caused by its clinicopathological aggressive
behavior. Lymph node metastasis and operation
type are independent prognostic factors; adjuvant
radiotherapy has probably little effect.

Adenosquamous carcinomas have a slight pre-
dominance of the middle thoracic esophagus.

Adenocarcinoma, Upper Gastrointestinal Tract,
Fig. 1 Poorly cohesive carcinoma composed of a com-
bined cellular infiltrate with classic signet ring cells and
more pleomorphic cells (H&E, original magnification
400�)
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Macroscopically the tumor presents often as
ulcerative and infiltrating. Mean diameter is
3.5 cm. Adenosquamous carcinoma of the esoph-
agus and stomach contains mixed elements of
infiltrating squamous cell carcinoma and adeno-
carcinoma. The WHO states that adenosquamous
carcinoma has a significant squamous carcinoma-
tous part intermingled with tubular adenocarci-
noma. The Japanese Society for esophageal
diseases has defined adenosquamous carcinoma
as a combination of at least 20% of each subtype.
The squamous cell carcinoma is usually the pre-
dominant component of the tumor. Adenocarci-
noma can be more often identified in the deeper
portions of the tumor, while squamous cell carci-
noma dominates in the mucosa. In preoperative
biopsies the tumor is therefore often misnamed as
a squamous cell carcinoma. In the esophagus, the
adenocarcinoma component may originate from
the esophageal glands and their ducts; however, in
the underlying esophageal glands, there was no
cellular atypia in the series of Yachida et al. Also
in rats that do not have esophageal submucosal
glands, adenosquamous carcinoma can be
induced. Therefore it is most likely that glandular
differentiation in the deep part of adenosquamous
tumors originates from the covering squamous
epithelium (Yachida et al. 2004). Adenosquamous
carcinoma is distinguished from mucoepidermoid
carcinoma by the presence of marked nuclear
pleomorphism, occasional keratin pearls, and the
anatomical separation of the two components
within the tumor. Esophageal adenosquamous
carcinoma has an incidence of less than 1% of
all cases of primary esophageal carcinomas.
Yachida et al. reported a better outcome for
patients with adenosquamous carcinoma com-
pared to squamous cell carcinoma or adenocarci-
noma, with 5-year survival rate of 63.6%. This is
probably due to their smaller size and lower stage
at presentation. Adenosquamous carcinoma of the
stomach is very rare, accounting for fewer than
0.5% of all gastric cancers.

Adenoid cystic carcinoma is most often found
in the minor salivary glands (60%); other sites of
occurrence include the tracheobronchial tree,
breast, lacrimal gland, female genital tract, and
esophagus. Esophageal adenoid cystic carcinoma

accounts for 0.1% of esophageal malignancies.
Adenoid cystic carcinomas present as
a fungating or polypoid mass rather than an ulcer-
ative or infiltrative growth pattern. They have
most frequently been reported in the middle third
of the esophagus (63%). It probably arises from
esophageal glands. The irregular glands contain
two main cell types: duct-lining epithelial cells
and myoepithelial cells; their growth pattern is
cribriform, tubular, or basaloid/solid. Nests of
cells with cylindromatous microcystic spaces
characterize the cribriform pattern. In the tubular
subtype, inner epithelial and outer myoepithelial
cells line well-formed ducts and tubules with cen-
tral lumina. These are filled with hyaline mucoid
material. The solid or basaloid type consists of
sheets of uniform basaloid cells lacking tubular
or microcystic formation. The basaloid type (also
called basaloid squamous cell carcinoma) has
a worse prognosis. The presence of associated
squamous carcinoma in situ is a strong argument
for basaloid carcinoma. Immunohistochemical
positive stains including epithelial membrane
antigen, CEA, and keratin stains are focally pos-
itive, especially in cells around tubular and crib-
riform structures. Solid areas stain with S100
antibodies. The 5-year survival of adenoid cystic
carcinoma is approximately 35%. Eighty to ninety
percent of patients with adenoid cystic carcinoma
in the salivary glands die within 10–15 years.
Adenoid cystic carcinoma is known to be
a slowly growing epithelial tumor in the salivary
glands. Spread to the lymph nodes is uncommon;
however, distant spread to lungs, liver, and bones
is frequent. Its clinical behavior is characterized
by a high rate of local recurrence and distant
metastasis even after aggressive surgical treat-
ment (Na et al. 2007).

Hepatoid adenocarcinoma can originate in
different organs, for instance, the stomach,
gallbladder, colon, lung, and urinary bladder;
however, the majority originates in the stomach
and reported incidence among gastric adenocarci-
noma cases ranged from 0.3% to 1%. Clinical
features include old age (mean 65 years), male
gender (male:female ratio is 2.3:1), aggressive
clinical course, poor survival, and frequent metas-
tasis including the lymph nodes, liver, and lung.
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An important finding is elevated serum alpha-
fetoprotein (AFP), which is measurable in most
patients and ranged in literature from less than 1.0
to 475,000 ng/mL. Hepatoid adenocarcinoma is
composed of large polygonal eosinophilic hepa-
tocyte-like neoplastic cells with a trabecular or
glandular growth pattern. The polygonal cells
may also be arranged in solid nests or sheets
with scattered large pleomorphic or multi-
nucleated giant cells. Distinguishing between
hepatoid adenocarcinoma and hepatocellular car-
cinoma is important for therapeutic strategies and
prognostic factors. However, due to similar clini-
copathological features, it may be impossible to
make this distinction, especially when liver and
gastric tumors are found simultaneously. A panel
of immunohistochemical stains can help in the
differentiation. In favor of hepatoid adenocarci-
noma are positive staining of AFP, CEA, CK18,
CK19, pancytokeratin stain AE1/AE3, CK7,
CDX-2, a1-antitrypsin stain, CD10, and
glypican-3 (GPC-3). Promising seems to be
PLUNC staining in hepatoid adenocarcinoma,
which is reported negative in hepatocellular
carcinoma. Especially positive staining of Hep
Par 1 is more in favor of hepatocellular carcinoma.
Bile and PAS-positive and diastase-resistant
intracytoplasmic eosinophilic globules can be
observed in hepatoid gastric carcinoma (Su et al.
2013).

Parietal cell carcinoma or oncocytic adenocar-
cinoma of the stomach is a well- to moderately
differentiated tubular adenocarcinomas and
consists of cells with eosinophilic, finely granular
cytoplasm resembling parietal cells of gastric
fundic mucosa. On ultrastructural examination
these cells have numerous mitochondria, intra-
cytoplasmic secretory canaliculi, and cytoplasmic
tubulovesicles. Tumor cells are strongly positive
with antimitochondrial antibody stains. Parietal
cell carcinoma is very rare, with only few case
reports in literature. It has been suggested that
these tumors have a better prognosis than usual
gastric adenocarcinoma (Takubo et al. 2002).

Gastric cancers with germ cell tumor compo-
nents are uncommon and consist purely or of
a mixture of adenocarcinoma with choriocarci-
noma, yolk sac tumor, or embryonal carcinoma.

Primary gastric chorioadenocarcinoma is
characterized by an elevated serum beta-human
chorionic gonadotropin (ß-HCG) which causes
symptoms as morning sickness and gynecomastia.
Macroscopically these tumors are hemorrhagic,
highly vascular, and exophytic. The tumor
consists of gastric adenocarcinoma cells
with glandular differentiation and a choriocarci-
nomatous component ofmalignant cytotrophoblast
and syncytiotrophoblast cells that shows positive
immunohistochemical staining for ß-HCG. Less
than 25% of cases are pure choriocarcinoma. Due
to a mixture of adenocarcinoma and choriocarci-
nomatous component, gastric choriocarcinoma is
often misdiagnosed as adenocarcinoma on biop-
sies. Intratumoral hemorrhage, necrosis, and vas-
cular invasion are often observed (Dye et al. 2005;
Kobayashi et al. 2005; Shastri et al. 2011). Gastric
carcinomas with yolk sac components are sporad-
ically reported and have a poor prognosis due to
widespread metastases at the time of presentation.
Yolk sac tumor has the features of an endodermal
sinus tumor and is characterized by a reticular
growth pattern (clear-cell endoblastic pattern)
with glomerulus-like structures (Schiller-Duval
bodies). The serum AFP levels are commonly
high, and AFP is positive immunohistochemically
within the tumor (Kim et al. 2009).

Carcinosarcoma consists of both carcinoma-
tous and sarcomatous components. In the
gastrointestinal tract, this tumor is most frequently
seen in the esophagus and rarely in the stomach.
Esophageal carcinosarcoma has also been referred
to as sarcomatoid carcinoma, pseudosarcoma,
pseudosarcomatous squamous cell carcinoma,
spindle cell carcinoma, and polypoid carcinoma.
Esophageal carcinosarcoma often presents as
a large intraluminal polypoid mass and has
a more favorable prognosis than other esophageal
malignancies, probably because of its exophytic
growth. It represents approximately 2% of all
esophageal carcinomas. Histologically these car-
cinosarcomas are biphasic with a small epithelial
component, while the bulk of the tumor has
a pleomorphic sarcomatoid appearance. The epi-
thelial component is usually squamous and ranges
from focal areas with in situ carcinoma to infil-
trating nests. The sarcomatous component is
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composed of undifferentiated, spindle-shaped
cells arranged in a fascicular or storiform pattern.
There can be differentiation with bizarre giant
cells, osseous, cartilaginous, and rhabdo-
myoblastic cells (Raza and Mazzara 2011). In
the stomach the epithelial component is composed
of tubular or papillary adenocarcinoma with
sometimes neuroendocrine carcinomatous differ-
entiation. The mesenchymal sarcomatous compo-
nent is variable and, as for the esophagus, may
include leiomyosarcoma, rhabdomyosarcoma,
osteosarcoma, or chondrosarcoma. Only approxi-
mately 50 cases have been reported of gastric
carcinosarcoma, mainly in the Japanese literature.
The epithelial component is cytokeratin, EMA,
CEA positive, whereas the mesenchymal compo-
nent shows strong immunoreactivity with
vimentin, desmin, and a-smooth muscle actin
(Cirocchi et al. 2012).

Extrarenal, primary malignant rhabdoid tumor
of the stomach and the esophagus is rare with only
a few case reports and associated with poor
prognosis. These tumors share similar features
with renal rhabdoid tumors with a typical rhabdoid
morphology. The cells contain inclusion-like
masses of densely acidophilic, homogeneous cyto-
plasmic material that displaces the nucleus toward
the periphery of the cell. There are often giant
multinuclear cells. The most consistent positive

immunohistochemical marker is vimentin
(Geramizadeh et al. 2010; Ng et al. 2003).

Gastric carcinoma with lymphoid stroma
(lymphoepithelioma-like carcinoma or medullary
carcinoma) is characterized by an organoid, solid,
sheetlike, or trabecular pattern with a prominent
lymphoid infiltration of the stroma. The etiology
of gastric carcinomas with lymphoid stroma has
been linked to microsatellite instability (and then
called medullary carcinoma) or to Epstein-Barr
virus (lymphoepithelioma-like cancer). In the
stomach MSI and EBV are mutually exclusive,
and it has been suggested that there are morpho-
logic differences to distinguish lympho-
epithelioma-like carcinoma from medullary
carcinoma. Medullary carcinomas are organoid,
syncytial, and sheetlike with a pushing non-
infiltrative tumor front with a dense peri-tumoral
lymphocytic infiltrate (Figs. 2a and 2b).
Lymphoepithelioma-like carcinoma on the other
hand is composed of single cells, small clusters of
cells, and small glands with an infiltrative growth
pattern and a dense intratumoral lymphoid infiltrate
(Figs. 3a and 3b). These tumors frequently affect
the proximal stomach or gastric stump and are
more common in males, and >80% are associated
with infection with Epstein-Barr virus (EBV). Both
are associated with a more favorable prognosis
than usual gastric adenocarcinoma (Chetty 2012).

Adenocarcinoma, Upper Gastrointestinal Tract,
Fig. 2 (a) Medullary gastric carcinoma with
a submucosal growth pattern. (H&E, original

magnification 25�); (b) Detail of a medullary gastric car-
cinoma. There is a pushing border with peri-tumoral lym-
phocytic infiltrate (H&E, original magnification 100�)
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Immunophenotype

Gastric and esophageal adenocarcinomas are pos-
itive for pankeratin staining with varying degrees
of CK7 and CK20 positivity. CK18 or CAM5.2
are most often negative. The majority of gastric
carcinomas express Hep Par 1, heterogeneous
CDX-2, MUC2, and MUC5AC.

See the description of relevant immunohisto-
chemical markers of separate histological
subtypes under “Microscopy.”

Molecular Features

In the development and progression of adenocar-
cinoma there are multiple genetic alterations iden-
tified in tumor suppressor genes, oncogenes,
growth factor receptors, signal transduction
genes, or enzymes functioning in cell-cycle con-
trol, apoptosis, cell signaling or cell adhesion. The
main genetic alterations in esophageal adenocar-
cinomas are found in the TP53, CDKN2A,
SMAD4, PIK3CA, CCND1, ERBB2/HER2-neu,
EGFR, KRAS, PTGS2, AMACR and IMP3 genes.
Recent exome studies also added mutations in
chromatin modifying factors and candidate con-
tributors: SPG20, TLR4, ELMO1 and DOCK2
(Dulak et al. 2013). Loss and gains of several
chromosomal loci have been identified. The

majority of studies demonstrate gains in the
region of 8q, 6p, 10q and 20q, and losses at 3p,
4q, 5q and 18q. Considerable negative prognostic
impact has been demonstrated for ERBB2/HER2-
neu amplification or overexpression, TP53 muta-
tions, expression of COX2, PRAP1/UPA and
MMP1 and DNA ploidy. NFkB expression is
also associated with negative clinical outcome.
MicroRNAs are a class of small noncoding regu-
latory RNAs that play a major role in the patho-
genesis of cancer. Dysregulation of micro-RNA
expression has been identified to contribute to the
development of cancer through altering processes
as proliferation, apoptosis, invasion, and metasta-
sis. In Barrett’s esophagus, decreased expression
of miR-31 and miR-375 is involved in progres-
sion to esophageal cancer (Leidner et al. 2012;
WHO 2010).

Chromosomal instability also manifests in gas-
tric cancer as gain or loss of whole chromosomes
(aneuploidy) or parts of chromosomes (loss of
heterozygosity, translocations and amplifica-
tions). Comparative genomic hybridization anal-
ysis has revealed many DNA copy number
variations. In gastric cancer decreased levels of
miR-451 and miR-485 have been described. The
miR-200 family is important in the epithelial-mes-
enchymal transition in advanced gastric cancer
(Thiel and Ristimaki 2012). Microsatellite insta-
bility is seen in 15–20% of intestinal-type gastric

Adenocarcinoma, Upper Gastrointestinal Tract,
Fig. 3 (a) Lymphoepithelioma-like carcinoma is com-
posed of single cells, small clusters of cells and glands
with an infiltrative growth pattern, and a dense

intratumoral lymphoid infiltrate (H&E, original magnifica-
tion 100�); (b) Lymphoepithelioma-like carcinoma is
associated with Epstein-Barr virus (EBV) infection. (ISH
EBER, original magnification 100�)
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cancers, with a higher frequency in familial cases.
Mutations in oncogenes include KRAS in intesti-
nal-type gastric cancer and overexpression of
ERBB2/HER2-neu, a cell surface receptor of the
tyrosine kinase family. Tumor suppressor genes
TP53, PTEN, RUNX3 are frequently inactivated
in gastric carcinomas. Studies applying exome
sequencing identified frequent somatic mutations
in the ARID1A gene which is involved in pro-
cesses of DNA repair, differentiation, develop-
ment and has a regulatory role in proliferation.
Other identified mutated driver genes involved in
gastric tumorigenesis are PIK3CA, APC, STK11,
CTNNB1, CDKN2A, ERBB2/HER2-neu, EGFR,
FGFR2, MUC6, CTNNA2, GLI3, RNF43 (Zang
et al. 2012; Wang et al. 2014). The most important
described genetic pathway for diffuse gastric can-
cer is the loss of function of E-cadherin. Diffuse-
type or signet ring cell carcinomas have been
considered to start developing through the loss
of function of the CDH1 gene encoding
for E-cadherin, a transmembrane glycoprotein
involved in cell-cell adhesion. In recent next gen-
eration studies also RHOA mutations (normally
functions in mediating anoikis) were frequently
specifically found in diffuse-type tumors
(Kakiuchi et al. 2014; Wang et al. 2014).

The Cancer Genome Atlas recently proposed a
molecular classification dividing gastric adeno-
carcinomas into four molecular subtypes, namely:

– Epstein-Barr virus-infected tumors (10% of the
subtypes), which contained recurrent PIK3CA
mutations, DNA hypermethylation and ampli-
fication of JAK2, ERBB2/HER2-neu, PD-L1
(CD274) and PD-L2 (PDCD1LG2). These
tumors were most frequently found in the gas-
tric fundus or body;

– Microsatellite unstable tumors (20% of the
subtypes), which had elevated mutation rates
including the genes PIK3CA, ERBB3, ERBB2/
HER2-neu and EGFR;

– Chromosomally unstable tumors (50% of the
subtypes), which show frequent TP53 muta-
tions, marked aneuploidy and focal amplifica-
tion of receptor tyrosine kinases. These tumors
were of intestinal-type histology. Oesophageal
adenocarcinomas strongly resembled the

chromosomally unstable variant of gastric ade-
nocarcinoma, suggesting that these cancers
could be considered a single disease entity. How-
ever, some molecular features, including DNA
hypermethylation, occurred disproportionally in
oesophageal adenocarcinomas;

– Genomically stable tumors (20% of the sub-
types), which are enriched for the diffuse-type
histology and harbored mutations of CDH1
and RHO family genes (including often
RHOA)

Further integrated molecular and histological
research may lead to a robust molecular
classification that may serve as a valuable adjunct
to histopathology (Cancer Genome Atlas
Research).

Differential Diagnosis

An attempt should be made to distinguish the
different subtypes of gastrointestinal carcinomas
since they are often associated with important
prognostic, therapeutic, or etiological factors.
For example, medullary and lymphoepithelioma-
like carcinomas of the gastrointestinal tract have
slightly different morphological criteria and are
associated with distinct molecular pathways.

The distinction between high-grade dysplasia
and early-invasive adenocarcinoma can be
sometimes very difficult.

In rare histological subtypes, the distinction
between primary and metastatic disease should
be made, for instance, for hepatocellular
carcinoma and hepatoid adenocarcinoma and the
same for primary gastric chorioadenocarcinoma
and metastatic trophoblastic tumor, particularly
gonadal or gestational primaries in women of
reproductive age.
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Synonyms

Cylindroma

Definition

Adenoid cystic carcinoma is a basaloid tumor
consisting of epithelial and myoepithelial cells
(WHO) in variable architectural configurations,
including tubular, cribriform, and solid patterns.
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Clinical Features

• Incidence
Adenoid cystic carcinoma is extremely rare in
the esophagus, accounting for less than 0.1%
of esophageal carcinomas.

• Age
Most patients are in their seventh decade.

• Sex
Males are more commonly affected with
a reported M-F ratio of 3:1.

• Site
More than half of the cases occur in the middle
third of the esophagus. They rarely arise in the
upper third.

• Treatment
Surgery is the treatment of choice. In cases
with positive margins, radiotherapy is
warranted.

• Outcome
The prognosis is poor, usually fatal. However,
some cases have slow progression over large
periods of time. Recurrence is found in
regional lymph nodes as well as distant organs.

Macroscopy

The most common macroscopic presentation
pattern is as an intraluminal, polypoid mass.
Four cases of intramural, submucosal growth
have also been reported. Ulceration of the overly-
ing mucosa can be present.

Microscopy

Adenoid cystic carcinoma is formed by ductal,
epithelial cells and myoepithelial cells that can
be arranged in solid, cribriform, or tubular archi-
tectural patterns. The most common is the cribri-
form pattern, formed by nests of cells with
microcystic spaces that contain hyaline, basal
membrane-like material. The solid pattern pre-
sents sheets and nests of basaloid cells, without
microcyst formation. The tubular pattern shows
small duct lines by the two cell types with a central
lumen containing hyaline material. Most cases

show mixed architectural patterns. The stroma is
usually hyalinized. Perineural invasion is almost
invariably present. Mitoses are rarely seen in the
cribriform and tubular types but they can occur in
the solid variant. Necrosis is not a common feature
except in the solid variant.

Immunophenotype

The ductal component of adenoid cystic
carcinoma is stained by low molecular weight
cytokeratins. The myoepithelial cells can be
highlighted by muscle-specific actin, S100
protein, calponin, or p63. It has recently been
shown that around 90% of salivary and breast
adenoid cystic carcinomas express c-kit
(CD117), at the ductal component. Basement
membrane proteins, such as collagen IV, stain
the hyaline material within the microcysts
(Figs. 1 and 2).

Molecular Features

Adenoid cystic carcinoma has a recurrent translo-
cation, the t(6:9)(q21-24:p13-23), and losses at
12q, 6q-23-qter, 13q21-q22, and 19q. The t(6:9)
translocation fuses exon 14 of theMYB gene to the

Adenoid Cystic Carcinoma, Esophageal,
Fig. 1 Adenoid cystic carcinoma: in the cribriform variant
there are nests of cells, both epithelial and myoepithelial,
with microcyst formation. The microcysts contain hyaline
material. The nests are surrounded by basement mem-
brane-like material (H&E)
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last coding gene of the NFIB gene. None of these
findings were reported in esophageal adenoid cys-
tic carcinoma.

Differential Diagnosis

The main morphological differential diagnosis for
esophageal adenoid cystic carcinoma is basaloid
squamous carcinoma. The demonstration of squa-
mous cell carcinoma (in situ or invasive) and the
absence of myoepithelial markers in the latter
allow the distinction. The role of novel specific
biomarkers, namely, theMYB-NFIB fusion, in the
differential diagnosis remains to be elucidated.
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Synonyms

Adenomatous polyp; Intraepithelial neoplasia

Definition

Adenomas, the precursor lesions of colorectal car-
cinomas, are dysplastic and noninvasive prolifer-
ations of colonic epithelium. Dysplastic
epithelium is characterized by enlarged, hyper-
chromatic nuclei and nuclear stratification. Ade-
nomas are well recognized histologically, with an
abrupt transformation between dysplastic and
nondysplastic epithelium. Adenomas are further
classified as tubular, tubulovillous, and villous
according to their architectural pattern.

Clinical Features

• Incidence
Autopsy series reveal an incidence of approxi-
mately 30–35% in adults. Lifetime prevalence
of an adenoma is 30–50% (Western countries)
and increases with age. African-Americans
have a lower prevalence than Caucasians.

• Age
The frequency increases by age (20–30% by
50, 40–50% by 60). In the first two or three
decades of life, adenomas are extremely
uncommon unless the patient has some form
of polyposis. By the fifth decade of life,

Adenoid Cystic Carcinoma, Esophageal,
Fig. 2 Adenoid cystic carcinoma: staining with CD117
(c-kit) highlights the ductal cell component
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approximately 12% of individuals have adeno-
mas, of which about 25% are high-risk lesions.

• Sex
There is a slight male predominance.

• Site
Sixty to 70% of adenomas are located distal to
the splenic flexure. In some series, there is
a tendency for a large proportion of adenomas
to be in the rectum and sigmoid. On the other
hand, one-fourth of patients have adenomas
presenting only proximal to the splenic flexure.

• Treatment
Complete removal (polypectomy) is indicated
for all adenomas regardless of size, the pres-
ence of dysplasia, or villous component.
Since the advent of fiber-optic scope, the indi-
cation is for any polypoid lesion anywhere in
the large bowel to be removed as soon as it is
detected, unless obvious contraindications
exist.

• Outcome
Most adenomas are asymptomatic, but they
may cause bleeding due to twisting or vascular
obstruction. If they are large, they may cause
changes in bowel habits, intussusception, iron
deficiency anemia, and stool incontinence.
Almost 50% of adenomas increase in size with
time. Five to 10% of them progress to CRC, in
approximately 10 years. Size of an adenoma is

the best predictor of carcinoma risk. Patients at
initial examination with multiple adenomas,
adenomas of size >0.5 cm, or with a family
history of colorectal cancer should be followed
after 3 years; those with a single tubular ade-
noma of size <0.5 cm and no family history
should be followed up every 5 years.

Macroscopy

Most adenomas measure<1 cm in diameter. They
may be sessile or pedunculated and single or
multiple (Fig. 1). However intermediate forms
between sessile and pedunculated forms may
develop as well.

Tubular adenoma presents as a small, spherical
pedunculated lesion. Larger lesions show
a lobulated, bosselated, villous, raspberry-like,
friable surface (Fig. 2).

Villous adenomas are seen in three macro-
scopic types: flat, carpet-like masses; lobulated
bulky sessile masses; and pedunculated lesions
with short, broad peduncles.

Adenomas can present also as superficial, flat
(nonprotruding), or depressed lesions. Depressed
(flat) adenomas are defined as dysplastic lesions
without polypoid component, hardly detected in
endoscopy.

Adenoma, Colorectal,
Fig. 1 Sessile tubular
adenoma with a smooth
surface in endoscopy
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Microscopy

Adenomas (conventional) appear to arise in the
upper parts of a single crypt. Dysregulation in
proliferation and failure to full differentiation of
colonic epithelium are basic features of neoplasia.
Once the initial dysplastic event has occurred, ade-
nomas grow by spreading along the basal lamina of
the surface epithelium, into adjacent crypts. They
replace the entire crypt and invaginate into the
lamina propria; the new crypt formation tends to
go up the mucosa to form a polyp. The lamina
propria of adenomasmay contain variable numbers
of acute and chronic inflammatory cells including
eosinophils. Paneth cell, neuroendocrine cell, and
squamous cell aggregates can also be seen in
adenomas.

Adenomas are traditionally categorized
according to their architecture as tubular adenoma,
if the villous component accounts for <25% of
the lesion; villous adenoma, if >75%; and
tubulovillous adenoma, if between 25% and 75%
(Figs. 3 and 4). Villous component can be defined
as elongated leaflike projections of dysplastic epi-
thelium forming a height of more than twice the
thickness of normal colonic mucosa.

Flat adenoma is a variant of adenoma that its
height is less than twice the thickness of the adja-
cent mucosa.

Dysplasia can be low grade or high grade,
depending on the degree of architectural complex-
ity. By definition adenomas display at least

low-grade dysplasia, characterized by nuclear
stratification, enlargement, elongation, and hyper-
chromasia and mucin depletion (Fig. 5). The
degree of dysplasia is related to increasing age,
number of polyps, size of polyps, and the presence
of villous changes. High-grade dysplasia (and
carcinoma in situ) is defined by marked stratifica-
tion, of neoplastic nuclei which extend toward
the luminal part of the cells with significant
pleomorphism, open chromatin, prominent
nucleoli, increased mitotic activity, and loss of

Adenoma, Colorectal, Fig. 2 Gross appearance of
a sessile adenoma

Adenoma, Colorectal, Fig. 3 Microscopic appearance
of a tubular adenoma with a stalk

Adenoma, Colorectal, Fig. 4 Microscopic appearance
of a villous adenoma
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polarity (Fig. 6). Architectural complexity such as
back-to-back gland configuration and cribriform
pattern can be seen as well. With neoplastic pro-
gression, the nucleus-to-cytoplasm ratio of the
cells increases and loss of polarity becomes
marked. Larger adenomas have a greater likeli-
hood of harboring high-grade dysplasia.

Intramucosal carcinomas should be considered
if the neoplastic cells show single-cell infiltration
through the basement membrane into the sur-
rounding lamina propria but not through
muscularis mucosa (Fig. 7). They do not have
metastatic risk since there is paucity of lymphatics
in colorectal mucosa.

Pseudoinvasion is a misplaced (herniated)
epithelium of adenoma in the submucosa. Pedun-
culated polyps can show pseudoinvasion that
should be careful to misdiagnose as carcinoma.

In adenoma with invasive carcinoma, carci-
noma invades through muscularis mucosa into
the submucosa. Haggitt’s levels are described as
four levels of invasion of pedunculated polyps
from the head to the submucosa of the under-
lying colonic wall. Sessile polyps do not have
stalk, so they are all level 4. For the peduncu-
lated polyps, evaluation of margin is very
important. Cauterized margin is accepted as
safe if there is >2 mm (or >1 mm according
to some guidelines) distance from the neoplas-
tic tissue to the margin. Poor differentiation of
invasive component, the presence of
lymphovascular invasion, tumor budding, and
close proximity to the margin of stalk are poor
prognostic features in adenomas with invasive
carcinomas.

Immunophenotype

Immunohistochemical staining pattern of conven-
tional adenomas is similar to that seen in colorec-
tal adenocarcinomas. The upward shift in
proliferative component of colonic epithelium

Adenoma, Colorectal, Fig. 5 Low-grade dysplasia and
tubular adenoma

Adenoma, Colorectal, Fig. 6 High-grade dysplasia:
note marked nuclear stratification and loss of polarity

Adenoma, Colorectal, Fig. 7 Intramucosal carcinoma
arising in villous adenoma: increased architectural com-
plexity with irregular back-to-back glands
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can be highlighted by the use of proliferation
markers such as antibody ki67 (MIB-1).

Molecular Features

Adenoma of the colon is a clonal disorder that is
initiated and progresses by series of somatic and
sometimes germline mutations. Initiation starts
with inactivation of APC/b-catenin pathway.
There are stepwise accumulations of genetic
mutations. The earliest recognizable alteration is
aberrant crypt foci (ACF).

There is more detailed information of colorec-
tal carcinogenesis in colorectal cancer chapter;
and brief information only is given here.

Homeostasis of the intestinal crypts of the
colorectal mucosa depends on the balance
between cell multiplication in the basal seg-
ment, upward cell migration, and surface apo-
ptosis. An imbalance follows the increased cell
multiplication and the progressive inhibition
of surface apoptosis controlled by the Bcl-2
gene and the antiapoptosis protein survivin.
There are two mechanisms suggested for the
progression from a monocryptal event to
a macroscopically visible lesion: (1) top-down
theory proposes that abnormal cells born at the
base of one crypt migrate to the surface, expand
laterally, and fill adjacent crypts from top to
bottom; (2) the bottom-up theory proposes that
stem cells at the crypt base colonize in a second
hit of the entire crypt and that lateral expansion
occurs by crypt fission.

In 80% of conventional adenomas, a somatic
mutation of adenomatous polyposis coli (APC)
gene is the initial event. APC gene is located on
chromosome 5. KRAS mutation is found in 50%
of adenomas. TP53 gene (located on chromosome
17) mutation is also seen. General profile of con-
ventional adenoma is CIN positive, MSS, CIMP
negative, and negative for BRAF mutation.
KRAS and APC mutations are found less fre-
quently in nonpolypoid and depressed one.

For serrated adenomas BRAF mutation is
the initial event, independent of CIMP or MSI
status. Molecular features for serrated polyps are
summarized elsewhere.

Differential Diagnosis

Reactive/regenerative changes in colonic mucosa
sometimes can be misdiagnosed as dysplastic
epithelium.

Traditional serrated adenomas are usually
located in the left colon. They have serrated/saw-
tooth lumina contour with papillary infolding and
surface nuclear tufting. The epithelium shows
typically pseudostratification, nuclear elongation
with hypereosinophilia in the cytoplasm.
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Synonyms

Intestinal-type adenoma; Polyps

Definition

An adenoma is defined by the World Health Orga-
nization as a “circumscribed benign neoplasm
composed of tubular and/or villous structures
lined by dysplastic epithelium.”Gastric adenomas
are depicted as raised, protruding, or polypoid
lesions composed of dysplastic epithelium that
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project above the surrounding gastric mucosa and
therefore distinct from flat mucosal dysplasia or
intraepithelial dysplasia like formerly termed flat
adenomas or depressed adenomas. The grade of
the dysplastic epithelium that comprises the ade-
noma is classified as low grade or high grade.
Gastric adenomas are histologically divided into
intestinal- and gastric- types based on the type of
glandular epithelium they display. In this entry,
intestinal-type gastric adenoma is being
discussed.

Sporadic gastric adenomas often occur in
a background of chronic gastritis with atrophy
and intestinal metaplasia. Adenomas may actually
represent polypoid areas of dysplasia that develop
as a result of underlying chronic gastritis, similar
to polypoid dysplasia in ulcerative colitis. The
exact pathogenesis of gastric adenomas is
unresolved. Unlike colorectal adenomas, gastric
adenomas do not appear to represent the major
precursor lesion for gastric adenocarcinoma since
gastric adenocarcinoma is almost never associated
with an identifiable adenoma precursor lesion.
However, gastric adenomas are a direct precursor
to gastric carcinoma with much higher incidence
of adenocarcinoma within the adenoma than seen
in colonic adenomas. Next to this, they serve as
markers for synchronous or metachronous adeno-
carcinoma in other areas of the stomach.

Gastric adenomas are frequently seen in
patients with familial adenomatous polyposis
(FAP) with an incidence of 1–15%. Gastric ade-
nomas are much less frequent in FAP than fundic
gland polyps, duodenal adenomas, and of course
colonic adenomas. Gastric adenomatous poly-
posis is rarely seen. Among Asian patients with
FAP, the risk of gastric carcinoma is increased by
tenfold, this is not seen in Western patients with
FAP and adenocarcinoma is almost never present
in gastric adenoma. FAP-associated adenomas are
most commonly of the gastric type.

Adenomas may also occur in the gastroesoph-
ageal junction in the setting of Barrett’s esopha-
gus. Polypoid dysplasia is however uncommon.
Its precise frequency is unknown since most gas-
troesophageal adenomas have been described as
individual case reports. As in the colon and stom-
ach, the polyps are raised sessile or pedunculated

lesions and histologically display a tubular,
tubulovillous, or villous architecture; show vary-
ing degrees of dysplasia; and may contain areas of
invasive carcinoma.

Clinical Features

• Incidence
Gastric adenomas rank third in overall inci-
dence of all gastric polyps after fundic gland
and hyperplastic polyps. Adenomas account
for 8–10% of gastric polyps in most large
reported series. Their incidence increases pro-
gressively with patient age. There is consider-
able variation in the incidence of gastric
adenomas, depending upon the geographic
population analyzed that, generally, parallels
the incidence of adenocarcinoma. For exam-
ple, gastric adenomas are much more common
in Japanese series (where the incidence of ade-
nocarcinoma is higher and an active screening
program has been ruled out) compared to series
reported from Western countries.

• Age
Incidence increases with age, with peak inci-
dence in the sixth to seventh decade of life.
FAP patients are considerably younger with
mean age between the 30 and 40 year.

• Sex
Males are more affected than females, with
a male-to-female ratio of 3:1

• Site
Gastric intestinal-type adenomas are predomi-
nantly located in the antrum; however, they can
occur throughout the stomach.

• Treatment
Adenomas should be removed completely
when safe to do so, since they can progress to
cancer. An examination of the entire gastric
mucosa should be made for abnormalities.
Endoscopic mucosal resection (EMR) and
endoscopic submucosal dissection (ESD) are
regarded as standard treatments for gastric ade-
noma. Large adenomas may sometimes require
surgical resection. The patient needs endo-
scopic follow-up because of the increased risk
of developing new adenomas and/or
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carcinoma. Endoscopy should be repeated at 6
months for incomplete resection of polyps or
those with high-grade dysplasia. Upper endos-
copy can be repeated after 1 year for all other
polyps.

• Outcome
Gastric adenomas are true neoplasms and pre-
cursors of gastric adenocarcinoma. The risk of
presence of carcinoma is strongly related to the
presence of high-grade dysplasia and size of
the lesion and is particularly high in high-grade
adenomas with a size greater than 2 cm. Other
risk factors include location, biopsy number,
histological type (tubulovillous), redness, and
ulceration. Therefore, evaluation of the entire
polyp by resection is warranted, to obtain an
accurate diagnosis and management plan.
Malignant transformation may be present in
5–40% of gastric adenomas and seems to be
more prevalent in villous adenomas compared
to tubular adenomas.

Macroscopy

Adenomas are polypoid or protruding noninva-
sive neoplastic processes. More than 80% of ade-
nomas are solitary. In patients with FAP, multiple
adenomas can be present; however, more than 2
or 3 gastric adenomas is, also in the setting of
FAP, rare. Grossly, adenomas are typically well-
circumscribed sessile or pedunculated lesions
measuring from a few millimeters to many centi-
meters in diameter. The average size is 1 cm. They
are covered by an erythematous, velvety mucosa.

Microscopy

Gastric adenomas are histologically divided into
intestinal- and gastric-types based on the type of
glandular epithelium that they are composed of.
Gastric-type adenomas are further divided into
pyloric-gland adenoma and foveolar-type ade-
noma. Gastric foveolar-type adenomas are lined
entirely by gastric mucin cells, while intestinal-
type adenomas contain at least focal goblet cells
and/or Paneth cells. Pyloric gland adenomas are

rare and histologically characterized by pyloric-
type glands with cuboidal epithelium with pale or
eosinophilic cytoplasm. Intestinal-type adenomas
are more prevalent than the gastric-type adeno-
mas. The importance of the phenotype (intestinal
versus gastric type) is debated, and there are also
hybrid forms of adenomas with features of both
phenotypes.

Intestinal-type adenomas are composed of
intestinal-type columnar epithelium with absorp-
tive cells, goblet cells, endocrine cells, and/or
Paneth cells (Figs. 1 and 2). The glands show
(pseudo-)stratification and elongated, hyper-
chromatic nuclei with increased mitotic activity.
Often, a distinct brush border is detectable that
confirms intestinal differentiation in the dysplastic
epithelium. They can be classified into tubular,
tubulovillous, and villous types, depending on
their growth pattern.

Adenomas can be graded low or high grade.
Adenomas with low-grade dysplasia show elon-
gated, hyperchromatic, and crowded nuclei with
mild pseudostratification. There is no complex
architecture. Features of high-grade dysplasia are
cribriform architecture, marked glandular
crowding, full-thickness nuclear stratification,
and severe cytonuclear atypia. Intramucosal car-
cinomas are defined by invasion into the lamina
propria; it is difficult to distinguish cytonuclear
features of intramucosal carcinomas from high-
grade dysplasia. Features in favor of carcinoma

Adenoma, Upper Gastrointestinal Tract,
Fig. 1 Intestinal-type tubular adenoma with low-grade
dysplasia (H&E, Original magnification 25�)

Adenoma, Upper Gastrointestinal Tract 37

A



are syncytial growth pattern, effacement of nor-
mal architecture with back-to-back glands, and
single cells within the lamina propria. Often
there are cystic glands. The malignant potential
of adenomas has been demonstrated in long-term
follow-up studies, even in low-grade dysplasia;
therefore, resection of adenomas is recommended.

Intestinal-type adenomas frequently arise on
a background of atrophic gastritis and intestinal
metaplasia but there is no proven association with
H. pylori infection. Surrounding epithelium fre-
quently shows features of intestinal metaplasia
and atrophy. This is in contradiction to colonic
adenomas that most often occur in a normal muco-
sal background.

Immunophenotype

Intestinal-type adenomas express variably the
intestinal markers MUC2 and CD10. They are
negative for gastric mucins MUC5AC and
MUC6.

Molecular Features

The molecular features of gastric adenomas are
not fully understood. Microsatellite instability is
present in a minority of lesions, but its incidence
increases in adenomas that contain carcinoma.

Gastric adenomas show molecular alterations in
the APC, KRAS, and Tp53 genes.

Differential Diagnosis

– Hyperplastic polyps with dysplasia contain
foveolar hyperplasia, cystic change, and
inflammation in the underlying polyp. In addi-
tion, dysplasia is often focal or patchy in hyper-
plastic polyps.

– Fundic gland polyps with dysplasia are
extremely uncommon, except in FAP patients
or in the setting of GAPPS syndrome (gastric
adenocarcinoma and proximal polyposis of the
Stomach). The presence of cystically dilated
fundic glands lined by parietal and chief cells
beneath the area of dysplasia is helpful in diag-
nosing a dysplastic fundic gland polyp.

– Adenomas with high-grade dysplasia may be
difficult to distinguish from intramucosal car-
cinomas. Features in favor of carcinoma are
syncytial growth pattern, effacement of normal
architecture with back-to-back glands, and sin-
gle cells within the lamina propria.
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Synonyms

There are no current synonyms for this neoplasm.
Historically, it has been often confounded with
mucoepidermoid carcinoma.

Definition

A malignant epithelial neoplasm that has mixed
elements of glandular and squamous cell differen-
tiation, which remains clearly distinguishable
within the tumor.

Clinical Features

• Incidence
Adenosquamous carcinoma (ASC) is a rare
disease. No worldwide incidence data is avail-
able. In the largest published series, it
represented 1.0% of all esophageal cancers.

• Age
In the largest published series, patients’ age
range from 51 to 85 years, with a mean age of
64 years.

• Sex
The disease is more frequent in males.

• Site
Adenosquamous carcinoma is somewhat more
frequent in the middle and lower thirds of the
esophagus.

• Treatment
Surgery is the treatment of choice and can be
followed by radiotherapy. This particular
histological type does not change the usual
treatment for esophageal carcinomas.

• Outcome
ASC seems to have a better prognosis than con-
ventional squamous cell carcinomas or adeno-
carcinomas. In the largest series, reporting 18
cases, the survival rate at 3, 5, and 10 years
was, respectively, 71.5%, 63.6%, and 47.7%.

Macroscopy

ASC has similar macroscopic features similar to
conventional squamous cell carcinoma. It can
present as ulcerative and infiltrative masses, as
well as protruding or flat tumors. No special mac-
roscopic type has been reported.

Microscopy

ASC is characterized by the presence of definite
squamous cell differentiation and glandular
differentiation, clearly demarcated from each
other (Figs. 1, 2, and 3). Squamous elements can
be identified by keratin pearl formation or by
differentiation into prickle cells in the tumor
nests. Glandular elements are generally clearly
tubular, with occasional mucus secretion visible
in the lumina, which can be highlighted with PAS
(Fig. 4). In the glandular component, ciliated cells
were also reported. ASC has also been described in
association with Barrett’s metaplasia.

Immunophenotype

CD44 has been shown to be an effective marker of
squamous elements in ASC of various locations.
In head and neck ASCs, the glandular differenti-
ated structures are mostly positive for CEA and
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CAM 5.2, while squamous elements are negative;
nevertheless, both components have been shown
to be reactive to 34bE12 antibody. In these series,
cytokeratin 7 stains the glandular component
more intensely than the squamous component,
while cytokeratin 20 is negative in both elements.
However, these findings were only described in
the head and neck locations and they have not
been validated in esophageal ASC.

Molecular Features

The only available information on molecular
features of adenosquamous carcinoma stems
from one case report, demonstrating the same
clonal origin of both components of the tumors.
Both displayed allelic losses at levels of 3p, 5q,
10q, 14q, and 18q, as well as the same missense
mutation at p53 gene.

Adenosquamous Carcinoma, Upper GI Tract,
Fig. 1 Adenosquamous carcinoma (hematoxylin-eosin,
low power). The malignant squamous components can be
seen on the left side of the image; the malignant glandular
component can be identified on the right

Adenosquamous Carcinoma, Upper GI Tract,
Fig. 2 Adenosquamous carcinoma (hematoxylin-eosin,
high power). The twomalignant components can be clearly
identified on the top and bottom of the image

Adenosquamous Carcinoma, Upper GI Tract,
Fig. 3 Adenosquamous carcinoma (hematoxylin-eosin,
high power). Squamous elements display prickle cells in
the center of the nests (lower left). The glandular compo-
nent is poorly differentiated (right)

Adenosquamous Carcinoma, Upper GI Tract,
Fig. 4 Adenosquamous carcinoma (periodic acid-Schiff
(PAS), high power). PAS highlights the mucin produced by
the glandular component of the tumor
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Differential Diagnosis

The main differential diagnosis is to be done with
mucoepidermoid carcinoma and the acantholytic
variant of squamous cell carcinoma. As major
differences, mucoepidermoid carcinoma contains
intermediate cells (which are absent from ASC),
has an intimate admixture of squamous and
glandular elements (which are clearly separated
from each other in ASC), and generally does not
display keratinization of the epidermoid compo-
nent (which is frequent in ASC). Moreover,
mucoepidermoid carcinoma has a characteristic
lobular architecture, which is not found in ASC.
The study of the CRTC1/3-MAML2 fusion gene,
characteristic feature of mucoepidermoid
carcinoma, can also be of use in the differential
diagnosis. In the acantholytic variant of squamous
cell carcinoma, tumor cells display pseudo-
glandular spaces due to acantholysis, but no
mucin can be identified in these spaces, which
are filled with dyskeratotic neoplastic cells.
Basaloid squamous cell carcinoma can also be
misinterpreted as ASC. Nevertheless, the absence
of a true glandular element and the typical
basaloid appearance of the cells is generally
enough to disclose the diagnosis.
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Adipose Tissue Tumors, Stomach
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Synonyms

Atypical lipomatous tumor/well differentiated
liposarcoma; Dedifferentiated liposarcoma;
Lipoma; Myxoid liposarcoma; Pleomorphic
liposarcoma

Definition

Lipoma is a benign tumor consisting of mature
adipocytes.

Atypical lipomatous tumor/well-differentiated
liposarcoma is an intermediate malignant tumor
consisting of pleomorphic adipocytes and stromal
cells with at least focal nuclear atypia.

Dedifferentiated liposarcoma: tumor
displaying transition from atypical lipomatous
tumor/well-differentiated liposarcoma to other
non-adipocytic type mesenchymal tumor with
variable malignant grade (sarcoma).

Myxoid liposarcoma is a sarcoma containing
variable number of signet-ring lipoblasts and
round/oval mesenchymal primitive cells surrounded
by amyxoid stromawith delicate arborizing vessels.

Pleomorphic liposarcoma: high-grade sarcoma
consisting of variable number of pleomorphic
lipoblasts in the absence of atypical lipomatous
tumor/well-differentiated liposarcoma features.

Clinical Features

• Incidence
Adipose tumors are unusual in the stomach
(<1% of gastric mesenchymal tumors) includ-
ing mostly lipomas (Thompson et al. 2003) and
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other extremely rare histological subtypes
(Seki et al. 1998).

• Age
The peak incidence of gastric lipomas is by the
seventh decade, but they can occur from the
pediatric age to the elderly; the exceptionally
rare gastric liposarcomas seem to occur by the
fifth/seventh decade.

• Sex
There are no consistent data regarding inci-
dence of gastric adipose tumors by gender
(male: female).

• Site
Most gastric lipomas develop in the submu-
cosa (�90%), and infrequently in the sub-
serosa or muscular propria. The antrum is the
most frequent location (�90%), but they can
localize in the gastric body/fundus.

• Treatment
Safe treatment decision of gastric adipocytic
tumors should be based on a confirmed or highly
suggestive pretreatment/intraoperative diagno-
sis. Despite remaining controversies, adequate
surgical resection is a treatment that can be
advised for large symptomatic gastric lipomas.
Active observation, partial resection, tumor enu-
cleation, and endoscopic and laparoscopic resec-
tion may be adequate options (Krasniqi et al.
2008) without major adverse events (e.g., hem-
orrhage, perforation), depending on the exact
tumor location (e.g., submucosa tumors<3 cm)
andon the attendingdoctor experience.The treat-
ment of the atypical lipomatous tumor/well-
differentiated liposarcoma and of other rare gas-
tric liposarcomas should be decided on an indi-
vidual base following strict oncologic principles.

• Outcome
Gastric lipomas are always benign, but some
may cause comorbidities and life-threatening
settings if not diagnosed/treated adequately.
There are few data regarding the other rare
adipose tumor subtypes.

Macroscopy

Adipose tissue tumors may present as polypoid,
mostly submucosa (Fig. 1) or rarely subserosa

well-circumscribed ovoid soft yellowish solid
masses; some may display central overlying
mucosa ulceration/depression, areas of necrosis,
or hemorrhage. Tumors may be <2 cm in largest
dimension, reported average size is 6.5 cm, but
they may attain larger dimensions.

Microscopy

See definition and the corresponding adipose
tissue tumors of soft tissues (Fig. 2).

Adipose Tissue Tumors, Stomach, Fig. 2 Low power
features of well-circumscribed submucosal gastric lipoma

Adipose Tissue Tumors, Stomach, Fig. 1 Macroscopy
of submucosal gastric lipoma
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Immunophenotype

Most adipose tissue tumors express S100 protein
in mature and atypical adipocytes as well as
in round cells and lipoblasts. Vimentin and
CD34 (cluster differentiation molecule 34) may
be expressed in tumors with spindle cell compo-
nent. Actin, desmin, myogenin, and MyoD1
(myogenic basic muscle-specific protein) may
be useful to identify smooth and skeletal muscle
tumor cell components. Nuclear expression of
MDM2 (murine double minute 2) and CDK4
(cyclin-dependent kinase 4) in adipose and
non-adipose components may be useful for the
diagnosis of atypical lipomatous tumor/well-
differentiated liposarcoma and of dedifferentiated
liposarcoma.

Molecular Features

So far, there are no data on gastric lipomas to
compare with the ordinary and special variants
of soft tissue lipomas; FISH (fluorescence in situ
hybridization) MDM2 and CDK4 gene amplifica-
tion was reported in gastric atypical lipomatous
tumor/well-differentiated liposarcoma (Kuhnen
et al. 2010).

Differential Diagnosis

It may be difficult to distinguish whether
well-differentiated fat is an adipose tumor or
normal fat, particularly in fragmented or
biopsy specimens. Adequate sampling is
essential for the histological diagnosis, to
evaluate nuclear atypia in adipocytes and
non-adipocyte components, presence of round
cells, lipoblasts, and other non-adipocyte com-
ponents; immunohistochemistry, and genetic
and molecular analyses may be useful to
rule out other tumors that display microscopic
features simulating adipose tissue tumors. See
the corresponding adipose tissue tumors of
soft tissues.
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Synonyms

Periampullary carcinoma

Definition

Ampullary carcinoma (AC) is an uncommon and
heterogeneous neoplasm. AC can be broadly con-
sidered as tumors arising out of or within 1 cm of
the papilla of Vater and include ampullary, pan-
creatic, bile duct, and duodenal carcinomas. Dis-
tinction may not be possible in advanced cases.
There is a high incidence of these tumors in
patients with FAP. AC can be broadly classified
as primary, metastatic, or systemic. Primary can-
cers arise in the pancreas or other periampullary
sites and can demonstrate either endocrine or non-
endocrine differentiation. Ductal adenocarcinoma
is by far the most common periampullary malig-
nant tumor.
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Clinical Features

• Incidence
The incidence of AC was reported as 0.7 cases
per 10,000 males and 0.4 cases for females
between 1985 and 2005. AC represents 0.5%
of all gastrointestinal malignancies.

• Age
AC usually diagnosed in patients between the
ages of 60 and 80 years (range 29–85 years).

• Sex
ACs are more common in men than in women.

• Site
Those tumors arising out of or within 1 cm of
the papilla of Vater and include ampullary,
pancreatic, bile duct, and duodenal carcinoma
are considered as AC. AC can be centered on
the ampulla, circumferentially involve it, or
completely infiltrate the ampulla of Vater.

• Treatment
Pancreaticoduodenectomy with or without
(Whipple operation) pylorus preservation is
the procedure of choice for AC. Local excision
should only be attempted in patients with small
adenocarcinoma of the ampulla of Vater who
are unfit for or who refuse radical resection.

• Outcome
Tumor stage, histological type, histological
grade, and presence of preexisting adenoma
are predictive factors. The best predictor of
outcome is the stage of the disease. Cases
with well-differentiated carcinomas have bet-
ter prognosis than those with poorly differenti-
ated carcinomas. Carcinomas that arise from
the adenomas have better prognosis than the
carcinomas not associated with preexisting
adenomas. Size of the tumor, vascular and
perineural invasion, and high level of micro-
satellite instability are other unfavorable prog-
nostic factors. Overall ACs usually show
aggressive behavior.

Macroscopy

Macroscopically tumors can be exophytic or mixed
ulcerated and may involve the ampulla and peri-
ampullary duodenum. Large ampullary tumors

usually involve multiple structures. Also tumors
of the head of the pancreas, distal common bile
duct, and duodenum may involve the ampullary
region and may resemble primary AC.

Microscopy

The ampullary area represents different types of
epithelium; hence, carcinomas that develop in
this region may show an intestinal or pancreati-
cobiliary phenotype. Microscopic whole-mount
sections that include the ampullary area are help-
ful to evaluate the relationship of these struc-
tures. Intestinal-type adenocarcinoma represents
the most common histologic type (Figs. 1 and 2).

Ampullary Carcinoma, Fig. 2 Moderately differentiated
adenocarcinoma of ampulla (H&E, �100, respectively).

Ampullary Carcinoma, Fig. 1 Moderately differentiated
adenocarcinoma of ampulla (H&E, �25, respectively).
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The intestinal-type ampullary adenocarcinomas
are morphologically indistinguishable from
adenocarcinomas that develop elsewhere in
lower GI tractus. Pancreatobiliary-type carci-
noma, the second more frequent subtype, is
morphologically indistinguishable from the car-
cinoma of the pancreas and bile duct and usu-
ally shows a desmoplastic stromal reaction. AC
usually shows tubular growth pattern. Tumors
are classified according to the predominant
component. Most of the ACs are adenocarci-
nomas with an intestinal phenotype (50–80%)
or a pancreaticobiliary phenotype (15–20%).
Adenosquamous carcinoma, clear cell carci-
noma, hepatoid carcinoma, high grade neuroen-
docrine carcinoma and mixed carcinoma,
mucinous adenocarcinomas, invasive papillary
adenocarcinoma, signet ring adenocarcinoma,
squamous carcinoma, and undifferentiated car-
cinoma are the rarely seen histological variants
of ACs.

Immunophenotype

Pancreatobiliary-type carcinomas are usually neg-
ative for CK20, whereas most of the intestinal-
type carcinomas of AC are positive for both
CK7 and CK20. CDX2 and MUC2 as intestinal
phenotype marker are usually negative in
pancreatobiliary-type carcinomas which are posi-
tive for MUC1. CEA and CA19-9 expressions are
also common.

Molecular Features

KRAS gene mutations (codon 12 and 13) have
been recorded in 20–75% of ACs. Mutations in
TP53 gene (exon 5, 6, and 7) have been shown in
most of these tumors. Mutations in APC and
beta-catenin genes, loss of SMAD4 gene,
high level of microsatellite instability, and over-
expression of EGF, ERBB2, and ERBB3 are
other genetic abnormalities that have been
reported in ACs.

Differential Diagnosis

Location of the ampulla makes identifying the
origin of ACs very difficult. Pancreatic, bile
duct, and duodenal carcinomas should be consid-
ered in the differential diagnosis. The size and
the location of the tumor, determined both
grossly and microscopically though not always,
are considered as useful features. Similarly
immunophenotype and molecular features of pan-
creatic and biliary carcinomas can overlap with
those of pancreatobiliary-type ACs. However,
evidence of a preexisting adenoma is a useful
microscopic feature to determine the tumor origin.
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Synonyms

Gastrointestinal manifestations of amyloidosis;
Systemic amyloidosis
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Definition

Amyloidoses are a diverse group of diseases char-
acterized by abnormal folding of proteins and the
extracellular tissue deposition of fibrils of low
molecular weight subunits of normal serum pro-
teins which disrupt tissue structure and function.
The conversion of peptides or proteins from their
insoluble functional states into highly organized
fibrillar aggregates showing a cross-beta super-
secondary structure is termed as “amyloid.” At
least 28 different human proteins have been iden-
tified as amyloidogenic. Amyloidogenic deposi-
tion can be localized or systemic. Acquired causes
of systemic amyloidoses include: (1) primary or
AL amyloidosis in which the fibrils are composed
of fragments of monoclonal light chains and
affected patients may have amyloidosis alone or
in association with other plasma cell dyscrasias,
and (2) reactive (secondary) or AA amyloidosis
in which the fibrils are composed of fragments of
the acute phase reactant serum amyloid
A, a structurally normal protein; or hereditary, as
most commonly occurring by modulation of the
transthyretin gene (mutant amyloid transthyretin,
ATTR). Wild type transthyretin, TTR, can also
form amyloid disease in older patients, in
a process termed senile systemic amyloidosis
(SSA). Both AL and ATTR amyloidoses are char-
acterized by multi-system disease, involving more
frequently the heart and kidneys, while ATTR
preferentially affects the nervous system and
heart. Among patients with systemic amyloidosis,
histological involvement of the gastrointestinal
(GI) tract is very common but is often subclinical.
Localized amyloidosis of the GI tract is less fre-
quent. GI involvement of the GI tract is defined as
the presence of GI symptoms with direct biopsy
verification. Patients with symptomatic gastroin-
testinal amyloidosis usually present in various
forms. Among patients with amyloidosis and
autonomic symptoms, the two most common pre-
sentations are orthostatic symptoms and gastroin-
testinal symptoms. The most common disease
causes of reactive amyloidosis are chronic
degenerative arthropathies, namely, rheumatoid
arthritis. These include: gastrointestinal bleeding

due to vascular friability and ulcers, chronic intes-
tinal dysmotility resulting in dilatation of the
intestine, malabsorption due to mucosal infiltra-
tion or bacterial overgrowth, and protein-losing
gastroenteropathy.

Clinical Features

• Incidence
The frequency of clinically apparent gastroin-
testinal involvement varies with the type of
amyloidosis. Gastrointestinal disease is pre-
sent in as many as 60% of patients with reac-
tive amyloidosis (AA amyloidosis). It appears
to be less common in AL amyloidosis, with
biopsy diagnosed and clinically apparent dis-
ease occurring in around 7% of patients. In
one case series from Japan, biopsies from
senile systemic amyloidosis patients showed
transthyretin amyloid deposits in 44% of
patients.

• Age
A retrospective review analyzing the 13-year
experience of a single center showed a median
age of 61 years.

• Sex
There was a male predominance (62%) in
a retrospective review of GI involvement of
amyloidosis.

• Site
Amyloidosis may involve the entire GI tract.
The small bowel, in particular, the duodenum,
is the most frequent organ affected, followed
by the stomach, colon, and rectum and esoph-
agus, in decreasing frequency. The oral cavity
may also be affected manifesting as macro-
glossia which is very characteristic of systemic
AL amyloidosis. It may lead to dysphagia,
dysarthria, and, very infrequently, airway
obstruction. Macroglossia is present in
10–23% of patients with systemic AL amy-
loidosis. Other oral manifestations may include
bullous lesions, vesicles, and ulcers.

• Treatment
Although the gastrointestinal complications
can result in significant morbidity, they are
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not usually the cause of death, which is most
often due to renal failure, restrictive cardio-
myopathy, or ischemic heart disease. Therapy
is directed at symptomatic control of the gas-
trointestinal manifestations and is aimed at
reducing the deposits of the amyloidogenic
precursor protein, leading to the improve-
ment of function of the organ involves. The
treatment of AA amyloidosis relies on the
control of inflammation of the underlying
disease. The aim of therapy for patients with
AA amyloidosis is to reduce the production
of serum amyloid A (SAA) protein. Survival
of the patient, amyloidotic organ survival,
and change in amyloid load are directly
influenced by SAA levels. The treatment of
AL amyloidosis includes chemotherapy with
melphalan and prednisolone and high-dose
chemotherapy with hematopoietic stem cell
transplantation. Dysmotility-related symp-
toms may be alleviated by prokinetic agents
and total parenteral nutrition and anti-
diarrheal agents may also be beneficial.
Severe diarrhea and protein loss due to gas-
trointestinal amyloidosis may respond to glu-
cocorticoids and octreotide. Diarrhea may at
least in part reflect the rapid intestinal transit
that has been documented in patients with
amyloidosis. Regarding novel therapies,
there are case reports suggesting benefit of
a humanized anti-IL6 receptor antibody. Sur-
gical procedures should be contemplated
only in an emergency setting because of the
risk of decompensation of organs affected by
amyloid deposition. Liver transplantation has
been used most successfully for treatment of
familial amyloid polyneuropathy.

• Outcome
Gastrointestinal manifestations and malnutri-
tion are common and multifactorial in etiol-
ogy and have a negative impact on quality of
life and survival. Nevertheless, the main
determinant factor in survival is the extent
of cardiac involvement. In a study carried
out, an Italian center should have a median
survival of 3.8 years in AL amyloidosis
patients, with 27% dying within 1 year of

diagnosis and a 10-cumulative proportion
of 31% who survived.

Macroscopy

Amyloid deposition occurs predominantly, in AL
amyloidosis, in the muscularis polypoid
protrusions and thickening of the circular folds
of the small bowel. In AA amyloidosis, fine, gran-
ular appearance, mucosal friability, and erosions
are present. Consequently, AL amyloidosis
usually presents with constipation, mechanical
obstruction, or chronic intestinal pseudo-obstruc-
tion, while AA amyloidosis presents with diarrhea
and malabsorption. In the colonic mucosa, some
of the most common aspects include: submuco-
sal hematomas, ulcers, hemorrhagic bullous
colitis, and yellowish plaque-like infiltrative
lesions. In familial amyloid polyneuropathy
(FAP), a fine, granular appearance with smaller
amount of amyloid deposition in the mucosa is
more characteristic. Neuromuscular infiltration
initially affects the intrinsic nervous system
and results in a neuropathic process with
uncoordinated contractions. At a later stage, tis-
sue wall infiltration results in a myopathic pro-
cess with low amplitude contractions associated
with significantly prolonged transit.

No specific radiological features of gastrointesti-
nal tract amyloidosis exist. The prevalence of radio-
logical abnormalities in patients with systemic
amyloidosis is highest in the small intestine.

Microscopy

Amyloid is defined as deposited fibrillar material
detected by electron microscopy, amorphous
eosinophilic appearance on hematoxylin and
eosin staining (Fig. 1). Apple-green birefrin-
gence on Congo Red (Fig. 2) histological
staining confirms the diagnosis. Immunohisto-
chemistry should be routinely performed in
biopsy samples from any patient with amyloid-
osis for precise identification of the amyloid fibril
protein.
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Immunophenotype

Immunophenotyping may be used in the differen-
tial diagnosis between GI amyloidosis and malig-
nant infiltrations, such as in the case of multiple
myeloma. Markers such as CD38 (a surface pro-
tein that influences differentiation and prolifera-
tion of myeloma cells), CD45 (leukocyte common
antigen), and CD19 and CD20 (B-cell associated
antigens) may be used to differentiate between
malignant involvement of the GI mucosa.

Differential Diagnosis

Symptoms related to GI amyloidosis may vary
from bleeding to diarrhea and malabsorption syn-
dromes to constipation and pseudo-obstruction.
The relative rarity of amyloidoses, along with
their variable clinical presentations and require-
ment for precise immunohistochemical staining of
biopsy specimens, makes the diagnosis of amy-
loidosis challenging. The possibility of systemic
amyloidosis is thus often overlooked, resulting in
substantial delays in diagnosis. There should be
a high index of suspicion in patients with disor-
ders known to be associated with amyloidosis.
These include multiple myeloma, a chronic
inflammatory disease such as rheumatoid arthritis,
and chronic renal failure treated with maintenance
dialysis. Amyloidosis should also be suspected
when there is involvement of other organs char-
acteristic of systemic amyloid deposition such as
the nephrotic syndrome, otherwise unexplained
heart failure, or periarthritis. According to the
organ affected, the differential diagnoses may
diverge.

Esophagus: Cases of esophageal dysmotility
may mimic achalasia on manometry studies.

Stomach: Bleeding related to amyloidosis may
occur with Dieulafoy type ulcers and submucosal
hematomas. Benign pyloric stenosis might be
caused by amyloid-induced ulcers as opposed to
peptic ulcers. Gastroparesis is common among
patients with FAP and must be differentiated
from other causes such as diabetic neuropathy.

Small bowel: Other causes of malabsorption
syndromes such as infections (tuberculosis, Giar-
dia), Crohn’s disease, celiac disease, and lym-
phoma must be excluded.

Colon: Inflammatory bowel disease, Crohn’s
disease or ulcerative colitis, and irritable bowel
syndrome are the most common differentials.
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Amyloidosis, Gastrointestinal, Fig. 1 Gastric body
biopsies, H&E stain showing amyloid substance deposits
in the muscularis mucosa (original magnification, 40�)

Amyloidosis, Gastrointestinal, Fig. 2 Gastric body
biopsies, Congo Red stain showing amyloid substance
deposits in the muscularis mucosa (original magnification,
40�)
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Synonyms

Glandular carcinoma

Definition

Themost frequent type of anal cancer is squamous
cell carcinoma, described in a specific chapter
(see entry “▶ Squamous Cell Carcinoma,
Anus”). Other types of anal carcinoma, i.e., ade-
nocarcinoma, neuroendocrine carcinoma, Paget’s
disease, and basal cell carcinoma, can also be
observed.

Adenocarcinoma of the anal canal is
a malignant epithelial tumor arising from glandu-
lar cells lining the upper anorectal part of the anal
canal, anal transitional zone (ATZ) mucosa, the
anal glands, or the epithelium lining of fistulous
tracts.

Most adenocarcinomas found in the anal canal
represent downward spread from a rectal adeno-
carcinoma or arise from colorectal-type mucosa

lining the ATZ above the dentate line. Rare cases,
described as extramucosal perianal adenocarci-
nomas, develop in pre-existing congenital or
acquired anal sinuses or fistulae (in patients with
Crohn’s disease). Some adenocarcinomas develop
from anal glands or ducts that drain the anal
glands (anal duct carcinoma). They differ from
the former colorectal-type anal adenocarcinoma
by the presence of an overlying nonneoplastic,
non-dysplastic mucosa (which may sometimes
be ulcerated by the tumor), while carcinomas aris-
ing in ATZ show dysplasia or intraepithelial neo-
plasia in the surface epithelium.

Clinical Features

Patients complain of similar symptoms to those of
patients with anal squamous cell carcinoma: anal
pain, rectal bleeding, and presence of a perianal
mass. Some adenocarcinomas may develop from
a chronic fissure or fistula that has been present for
many years. Symptoms may also be nonspecific
and this can contribute to delayed diagnosis.

• Incidence
Adenocarcinoma of the anal canal accounts for
approximately 10% (5–19%) of all anal canal
cancers. The incidence of anal adenocarcinoma
arising from an anal fistula is estimated to be
0.3–0.7% in patients with Crohn’s disease. The
mean interval between the onset of perianal
Crohn’s disease and the development of anal
adenocarcinoma is 7 years.

• Age
Extramucosal adenocarcinoma is usually diag-
nosed in patients aged from 50 to 70 years.

• Sex
Extramucosal adenocarcinomas seem to be
more frequent in males.

• Site
Adenocarcinoma arises from anal glands of the
anal mucosa or from glandular cells that line
the ATZ mucosa.

• Treatment
There is no consensus for the treatment of anal
adenocarcinoma due to rarity of this tumor.
Treatment modalities include abdominoperineal
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resection, local excision, chemotherapy, and
radiotherapy. Most patients are treated by
abdominoperineal resection, in order to remove
the entire lesion and diminish the risk of local
recurrence. Half of the patients undergo adju-
vant therapy with either radiotherapy alone or in
combination with chemotherapy (with 5-FU,
capecitabine, mitomycin, cisplatin, or
oxaliplatin). The role of subsequent radiation
therapy and or chemotherapy has not yet been
defined.

• Outcome
Anal adenocarcinoma often has an aggressive
course. Prognosis is related to the stage at
diagnosis and is graver than that of squamous
cell carcinoma.

The reported 5-year survival rate ranges
from 5% to 93%, but the overall 5-year sur-
vival is generally accepted to be less than 20%.
Metastases at time of presentation vary from
13.5% to 62%. Most common sites of metas-
tases are the lymph nodes, liver, lung, and
peritoneum. A possible explanation for the
poor prognosis of anal adenocarcinoma is the
delay in diagnosis due to symptomatic overlap
between these tumors and benign conditions
such as hemorrhoids.

Macroscopy

Anal adenocarcinomas present as ulcerated or
polypoid indurate or friable mucinous or whitish
masses. They measure from 1 to 5 cm in diameter
and can induce obstruction of the anal canal.
Metastases can be present in superficial inguinal,
pelvic, and abdominal lymph nodes.

Microscopy

Adenocarcinomas arising in the anal canal are
divided into three subcategories: colorectal-type
adenocarcinoma, adenocarcinoma arising within
anorectal fistula, and anal duct carcinoma.

Colorectal-type adenocarcinoma is the most
common subtype of anal adenocarcinoma. It
arises from the colorectal-type mucosa above the

dentate line, from the glandular cells of the anal
transitional zone, or sometimes from a previous
dysplastic adenoma. It has the same microscopic
features as a colorectal adenocarcinoma and con-
sists of glands often with a cribriform pattern,
lined by columnar cells with basophilic cyto-
plasm, and marked nuclear atypia with a high
mitotic activity (Fig. 1). The lumen of the tumor
glands often contains eosinophilic dirty necrosis
with necrotic nuclear debris and neutrophils.
These tumors carry a higher risk of inguinal and
femoral metastatic lymph nodes than rectal
adenocarcinoma.

Adenocarcinoma within anorectal fistula is
more frequently of the mucinous type, with atyp-
ical columnar cells, signet ring cells, or solid
islands floating within mucin pools (Fig. 2).

Anal duct carcinoma arising from anal glands
consists of small acini and tubules originating
from ducts that open onto the mucosal surface.
The acini are lined by cuboidal cells showing
scanty mucin secretion. Nuclei are pleomorphic
with a high nuclear-to-cytoplasmic ratio and
prominent nucleoli. Tumors can have
a papillary or cribriform architecture. Atypical
ductular structures invade the surrounding tis-
sues without necessarily causing ulceration of
the overlying anal mucosa. Focal pagetoid
spreading into the overlying squamous epithe-
lium can be seen.

Anal Adenocarcinoma, Fig. 1 Moderately well-
differentiated adenocarcinoma of the anus, with a similar
morphology to a rectal adenocarcinoma
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Immunophenotype

Colorectal-type adenocarcinoma of the anal canal
stains positive for cytokeratin 20 but may also
have unexpected cytokeratin 7 expression. Ade-
nocarcinoma of the anal glands expresses
cytokeratin 7 as well as cytokeratin 19,
cytokeratins 5/6, and MUC5AC. It does not
show positivity for p63 protein, cytokeratin 20,
and CDX2.

Molecular Features

Molecular features of anal adenocarcinoma are
still unknown due to the rarity of this tumor.

Differential Diagnosis

A prostate carcinoma that invades the anal
mucosa can mimic the growth pattern of an anal
gland carcinoma. This tumor usually expresses
prostate-specific antigen (PSA) on immunohisto-
chemical study, and clinical evaluation for pros-
tate carcinoma can help in the distinction between
these two tumors. CK7 and CK20 can help distin-
guish anal gland carcinoma (CK7+ CK20�) from
rectal-type adenocarcinoma (CK20+, CK7�).
Histochemical strong PAS reactivity that is
lost after periodate-borohydride/saponification

indicates the absence of O-acylated sialic acids
in tumor cells and could sign an origin from anal
glands.
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Synonyms

Colonic angiomas; Colonic arteriovenous malfor-
mation; Vascular ectasia of the colon

Definition

Angiodysplasia is characterized by the presence
of malformed dilated blood vessels in submucosa,
extending into the overlying intestinal mucosa. It
is the second most common colonic lesion (after
diverticulosis) which may cause gastrointestinal
bleeding, though it may be asymptomatic. Most
cases are acquired degenerative lesions of the
elderly people. Early in the nineteenth century
(1839), Phillips described a vascular abnormality
that caused gastrointestinal bleeding, but it was
Margoulis and colleagues who first used the term
angiodysplasia in 1960.

Angiodysplasia may present as multiple vas-
cular lesions or as an isolated lesion. When there
is GI bleeding without obvious reason, small
bowel angiodysplasia may account for 30–40%
of cases. Low-grade bleeding is characterized by
melena or hematochezia in clinical presentation.

Anal Adenocarcinoma, Fig. 2 Mucinous adenocarci-
noma arising within an anal fistula
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Rarely, (15% of cases) bleeding can be massive,
and in 10–15%, iron deficiency anemia or
positivity for occult blood can be the only mani-
festation. Although in a great percentage (�90%)
of cases bleeding stops spontaneously, it often
reoccurs.

Chronic venous obstruction plays a role in the
pathogenesis. Repeated episodes of colonic dis-
tention causing high lumen pressure slow down
the submucosal venous outflow with subsequent
local hypoxygenation. Over the years, which
explains the higher incidence in aged people,
this process causes gradual dilatation of venules,
arterioles, or capillaries of the mucosa and sub-
mucosa. Ultimately the precapillary sphincter
loses its capacity and small arteriovenous
communications occur. This theory matches the
clinical and pathologic features with the more
common location in the cecum and proximal
right colon where the tension is higher because
of greater diameter. The presence of dilated sub-
mucosal veins, which is one of the most stable
histologic features, supports this theory in patho-
genesis. Angiodysplasia is not associated with
angiomatous lesions of the skin and other viscera
in contrast to other congenital or neoplastic
vascular lesions. However, gastrointestinal
angiodysplasias, including colon location, occur
more frequently in individuals with scleroderma.
A relative deficiency of collagen type IV in muco-
sal vessels and vascular immunoreactivity for
angiogenic factors such as fibroblastic growth
factor (VEGF) has been observed in patients
with angiodysplasia. Characteristic is the fact
that there are no pathologic changes in the arteri-
oles in any of the mucosal lesions.

Diseases such as von Willebrand, aortic
stenosis (as already mentioned) may have
a link with angiodysplasia. Other factors
including diverticula, portal hypertension
colopathy, and vascular ectasia in patients
receiving high-dose chemotherapy and stem cell
transplantation have been correlated to the entire
GI angiodysplasia.

Although colonoscopy is the principal method
in the evaluation of gastrointestinal bleeding,
angiograph plays an important complementary
role. Colonoscopic signs, in incidentally found

angiodysplasias, are pale in color, while those
in patients with recent hemorrhage are
bright with slight raised centers. In colonoscopy
angiodysplastic lesions are described as small,
frondlike, or scalloped edges. Colonoscopy’s sen-
sitivity exceeds 80% and has the advantage of
obtaining biopsies from suspected lesions, espe-
cially when colonoscopic signs are not clear. Cap-
sular endoscopy has shown that angiodysplasia is
the most common reason (50%) for obscure gas-
trointestinal bleeding and can be used combined
with magnetic resonance enterography (MRE)
with better results in the small bowel disease.
Only in rare cases (2,6%), angiodysplasia can be
diagnosed by visual inception at laparotomy.

Clinical Features

• Incidence
The real incidence of angiodysplasia is
unknown. Study from Foutch et al. found that
the prevalence in 964 asymptomatic
individuals (mean age 60 years) at screening
colonoscopy was 0,83%. However, in cases of
lower gastrointestinal bleeding, the incidence
is estimated at 6%, and angiodysplasia is the
second leading cause after diverticulosis in
patients older than 60 years.

• Age
Angiodysplasia usually occurs in individuals
older than 60 years, with mean age in the 70th
year. In any case it can happen at any age even
in young people.

• Sex
Men and women have the same frequency of
angiodysplasia.

• Site
Angiodysplasia is usually located in the right
colon and actually 77% in cecum and ascend-
ing colon and 15% in small intestine (jejunum
and ileum).

• Treatment
Conservative management is recommended in
hemodynamically stable patients. Endoscopic
techniques with obliteration of angiodysplastic
lesions have beneficial results in 50% of
patients. Heater probe and multipolar
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electrocoagulation probe have been successful
in colonic lesions. Selective embolization of
visceral arterial branches achieves immediate
cessation of bleeding in 97% of patients.
Especially in right-side lesions, endoscopic
laser photocoagulation has been successful
with the disadvantage of complications (15%).
Other methods such as emergency embolization
with liquid polyvinyl alcohol copolymer or
endoclips have been used.

Angiography and injection of dyes play an
important role in preoperative localization of
small bowel lesions before surgical proce-
dures. Surgical resection such as right
hemicolectomy is the second-line therapy
after endoscopic ablation, with high mortality
rate, because patients are aged with coexisting
medical problems.

In refractory cases, somatostatin analogues,
continuous octreotide administration, and tha-
lidomide play a role in the management of
bleeding from angiodysplasia.

• Outcome (Prognosis)
Fifteen percent (15%) of individuals with
colonic angiodysplasia never bleed. Hemor-
rhage ceases spontaneously in most patients
(90%). Recurrence of hemorrhage is the
major problem and occurs in 30% of patients.
Predictive factors of recurrence are the earlier
history of bleeding after treatment, over-
anticoagulation, and multiple lesions. Individ-
uals with more than 10 angiodysplastic lesions
or a diameter of 10 mm or more have worse
clinical impact.

Macroscopy (Gross)

Angiodysplasia is extremely difficult to detect in
gross examination of the surgical resected speci-
men. If there is suspicion of angiodysplasia, the
bowel needs to be received fresh and sometimes
we can see small foci of vascular marking and
erythema. These difficult to confine features are
not visible after formalin fixation. Only few labo-
ratories have the equipment to perform injection
studies which facilitate the revelation of the
lesions. The injected substance is a combination

of Indian ink (which remains after fixation) and
a radiopaque dye and then x-ray examination fol-
lows. In fixed specimens slicing at the site of
suspected mucosal lesions with a sharp blade can
detect the lesion. Grossly the lesions, which are
more often multiple, consist of small (usually
1–2 mm or less, <5 mm) fan shaped with central
vessel, cherry-red in color, and flat, while rarely
may coexist with mucosal erosions. When
angiodysplastic foci have been cauterized, the
lesion will be a heaped-up ulcer.

Microscopy

Endoscopic biopsies have diagnostic histopatho-
logic features of angiodysplasia in 31–60% of
specimens. The characteristic lesion is the pres-
ence of irregularly shaped clusters of ectatic arte-
rioles, venules, and their capillary connections
(Fig. 1). Vessels are dilated (twice the normal
diameter) with distorted thin wall with variable
smooth muscle, usually composed only of endo-
thelium. The lesion at first is identified in submu-
cosa and later more advanced lesions involve
the mucosa too (Fig. 2). Most endoscopically
obtained biopsies have not submucosa, where
the major and early portion of the lesion is present.
Mucosal biopsies may show few ectatic capil-
laries which may collapse and be difficult to iden-
tify. In advanced cases the dilated vessels distort

Angiodysplasia, Fig. 1 Large bowel specimen: in low
power there are thin-walled submucosal veins and arteries
with arteriovenous anastomoses
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the normal mucosal architecture, displacing
glands and separating crypts from each other,
and sometimes there is only a layer of endothelial
cells between the vascular channel and the intes-
tinal lumen. Submucosal arteries may have mild
to moderate sclerotic changes in some cases with
atheromatous emboli, while arterialization of
veins with hypertrophy of intima and smooth
muscle may also happen. There are cases with
full-thickness involvement from serosa to
mucosa. Ultrastructural characteristics by electron
microscopy are modified shape of endo-
theliocytes, impaired structure of the basal mem-
brane, and reduced count of pericytes.

Immunophenotype

Study with collagen IV, which forms the basement
membrane of the vascular endothelium,
has demonstrated relative deficiency in mucosal
vessels with angiodysplastic features. Vascular
endothelial growth factor (VEGF) expression is
higher in angiodysplasias than normal mucosal
and submucosal vessels.

Molecular Features

There are no specific molecular studies con-
cerning angiodysplasia.

Differential Diagnosis

Vascular tumors and lesions associated with con-
genital or systematic disease and radiation dam-
age with similar histologic findings must be kept
in mind in the differential diagnosis. Colonic arte-
riovenous malformation tends to be solitary and
large in size in contrast to angiodysplasia which is
isolated or diffuse and small.
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Antibiotic-Associated Colitis
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Definition

Antibiotic-associated diarrhea is defined as
otherwise unexplained diarrhea that occurs in
association with antibiotic use. The antibiotic
types most often related to antibiotic-associated
diarrhea are cephalosporins, clindamycin, broad-
spectrum penicillins, and ampicillin/amoxicillin.
The clinical manifestations range from mild
complaints of frequent loose and watery stools to
severe, fulminant colitis (pseudomembranous
colitis) with possible fatal outcome.

Angiodysplasia, Fig. 2 Colon biopsy in high power with
clusters of dilated tortuous veins and capillaries
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The mechanisms behind this antibiotic-
associated diarrhea are multiple.

First, antibiotics may have direct effects on
the gastrointestinal tract that contribute to the
development of diarrhea. Erythromycin, for
example, has a motilin receptor stimulating
activity, and this prokinetic action results in
faster gastric emptying and a shorter oro-cecal
transit time.

Secondly, the antibiotic-induced alterations
in the composition of resident microflora in
the intestinal tract may influence normal gut
functioning. Anaerobes are involved in the
breakdown of carbohydrates, and the use of anti-
biotics active on this anaerobic flora may result in
osmotic diarrhea due to the impaired colonic car-
bohydrate fermentation. It was suggested that also
a decrease in degradation of bile acids, which is
dependent on bacterial enzymes, plays a role in
antibiotic-associated diarrhea as bile acids are
potent colonic secretory agents.

Thirdly, changes in the gut flora allow over-
growth of various infectious agents that were pre-
viously present in the resident flora or that were
acquired from the environment. Clostridium diffi-
cile is described to be the major infectious agent in
this context. Clostridium difficile is a Gram-posi-
tive, spore-forming, anaerobic bacillus. It may be
part of the normal microflora of the gut, especially
in children and young adults, but is found in only
0–3% of healthy adults. Colonization is signifi-
cantly more frequent in hospitalized patients. The
spores that are formed by Clostridium difficile
may persist in the environment for years. Ingested
spores are resistant to the acidic milieu of the
stomach and germinate in the colon. Symptoms
are generated by the action of two exotoxins: toxin
A and toxin B. More than 60% of adults or older
children have antibodies against these toxins, and
the level and quality of this specific antibody
response determines susceptibility to Clostridium
difficile infection. Clinical manifestations may
be variable ranging from mild diarrhea to
pseudomembranous colitis. Cephalosporins,
clindamycin, and broad-spectrum penicillins are
the antibiotics that are most frequently associated
with Clostridium difficile infection, but virtually
any antibiotic may be implicated.

Antibiotic-associated hemorrhagic colitis is
a distinct form of antibiotic-associated colitis in
which Clostridium difficile is absent. Klebsiella
oxytocawas identified as the causative agent. This
type of colitis is characterized by the sudden onset
of bloody diarrhea within 1 week of antibiotic
therapy, often associated with severe abdominal
cramps. Endoscopy shows mucosal hemorrhage,
mucosal edema, and ulcers, predominantly local-
ized in the right colon. Klebsiella oxytoca is
a Gram-negative enterobacterium that expresses
a b-lactamase, making it resistant to penicillins
which may explain why this type of colitis is
mainly seen during therapy with penicillin deriv-
atives. Overgrowth of Klebsiella oxytoca in the
colon due to penicillin treatment may lead to high
cytotoxin concentrations and subsequent mucosal
damage. Frequent use of nonsteroidal anti-inflam-
matory drugs (NSAID) was reported to aggravate
colitis.

Other enteric pathogens described in the
pathogenesis of antibiotic-associated colitis are
Clostridium perfringens, Staphylococcus aureus,
Candida species, and Salmonella.

Clinical Features

• Incidence
The incidence of antibiotic-associated diar-
rhea ranges from 5% to 25% in literature,
depending on the definition of diarrhea and
the type of antibiotic used. Infection with
Clostridium difficile accounts for 10–20% of
cases of antibiotic-associated diarrhea, with
significantly higher incidence in hospitalized
patients than in outpatients. Clostridium diffi-
cile is responsible for almost all cases of anti-
biotic-associated pseudomembranous colitis.
The incidence and mortality of Clostridium
difficile infection is increasing worldwide. In
most areas, this is believed to be due to the
appearance and spread of a hypervirulent
strain that has acquired resistance to many
commonly used antibiotics. Next to antibiotic
use, major risk factors associated with
Clostridium difficile infection are advanced
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age, hospitalization, and contact with other
infected patients. Recent evidence proposes
the use of proton pump inhibitors as a risk
factor in the development of Clostridium
difficile infection owing to their effects on
the intestinal microflora.

Klebsiella oxytoca-induced antibiotic-
associated hemorrhagic colitis is rare, but its
exact incidence is not known.

• Treatment
In patients with Clostridium difficile-
associated diarrhea, cessation of the inciting
antibiotic therapy combined with supportive
treatment if necessary results in resolution of
diarrhea in 25% of patients. In patients with
moderate or severe disease or significant
underlying conditions, administration of oral
metronidazole or vancomycin hydrochloride
is indicated. Occasionally, surgery (subtotal
colectomy) is required.

To avoid the outbreak of Clostridium
difficile infections, especially in hospitals and
care facilities, preventive measures should be
taken. These include restricted prescription and
use of antibiotics, education of hospital person-
nel, isolation of patients, and disinfection of
rooms of infected patients to remove the per-
sistent spores.

In patients with Klebsiella oxytoca-induced
antibiotic-associated hemorrhagic colitis,
discontinuation of the antibiotic and NSAID
in combination with symptomatic therapy is
usually sufficient.

Macroscopy

Macroscopic findings of Clostridium difficile
infection are rather unspecific in cases of colitis
without pseudomembranes. Pseudomembranous

Antibiotic-Associated
Colitis, Fig. 1
Gross appearance of
pseudomembranous colitis:
pseudomembranes present
as yellow, adherent mucosal
plaques

Antibiotic-Associated Colitis, Fig. 2 Early lesion in
pseudomembranous colitis: accumulation of polymorpho-
nuclear cells in the lamina propria and focal eruption with
fibrin, polymorphonuclear cells, and debris spraying into
the lumen

56 Antibiotic-Associated Colitis



colitis, however, has a characteristic gross appear-
ance (Fig. 1). Pseudomembranes can be recog-
nized as yellow plaques adherent to the colonic
mucosa. They are variable in size and occur most
commonly in the left colon. In later stages, the
plaques coalesce to form areas of complete muco-
sal necrosis.

Microscopy

The earliest recognizable mucosal abnormality in
pseudomembranous colitis (“summit” lesion)
shows subepithelial accumulation of polymor-
phonuclear cells, nuclear dust, and eosinophilic
material with a focal, small eruptive focus
spraying fibrin, polymorphonuclear cells, and
debris into the lumen (Fig. 2). Typically, the sur-
rounding mucosa is normal or shows minimal
inflammatory changes. The more advanced
lesions, the so-called “volcano” lesions, consist

of a variable number of dilated glands that are
partially disrupted (Fig. 3). The deeper epithelial
cells are often preserved, but the more superficial
epithelial cells are destroyed. This mucosal lesion
is covered by a pseudomembrane composed of
mucin, polymorphonuclear cells, nuclear debris,
and fibrin. Again, these lesions are separated by
normal or mildly inflamed mucosa. Progression
and merging of these lesions result in complete
mucosal necrosis.

Colon biopsies of patients with Klebsiella
oxytoca-induced antibiotic-associated hemor-
rhagic colitis show mucosal hemorrhage as an
accumulation of erythrocytes in the lamina pro-
pria. There is a mild inflammatory infiltrate in the
lamina propria. Crypt abscesses are usually
absent in contrast to other forms of infectious
colitis. Epithelial alterations can be observed
featuring goblet cell loss, anisonucleosis,
increased rate of mitosis and apoptosis, or
desquamation.

Antibiotic-Associated Colitis, Fig. 3 “Volcano” lesions
in pseudomembranous colitis. (a) Dilated glands are filled
with mucin and polymorphonuclear cells. The mucosa is

covered by a laminated pseudomembrane. (b) Smaller
lesion with normal adjacent mucosa
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Differential Diagnosis

Pseudomembranous colitis is a descriptive entity,
and although most cases are inflicted by Clostrid-
ium difficile infection, other causative factors
should be excluded. Other infectious agents can
cause pseudomembranous colitis. Also ischemic
colitis can present with pseudomembranes, and
differential diagnosis can be challenging, espe-
cially in older, hospitalized patients with comor-
bidity. A history of antibiotic use and detection of
Clostridium difficile toxins in stool can aid in this
differentiation. The diagnosis of ischemic colitis
should be favored in colonic biopsies where
hyalinization of the lamina propria, atrophic
micro-crypts, and more diffuse involvement of
the mucosal surface by pseudomembranes are
found.

Signet-ring cell change (Fig. 4) was described
in pseudomembranous colitis and should be
recognized as a possible diagnostic pitfall,
particularly in small biopsies or patients with an
oncological history. These alterations should be
differentiated from a neoplastic infiltrate, although
both primary and metastatic signet-ring cell
carcinomas of the colon are uncommon. The
benign signet-ring cells show intracytoplasmic
vacuoles and peripherally located nuclei without
nuclear atypia or mitotic figures. The cells are
present in the crypts of the mucosa or in the
pseudomembrane, but not in the lamina propria
outside the crypts. Some studies suggest that
signet-ring cell morphology of crypt cells in
pseudomembranous colitis is associated with
a fulminant clinical course, but others could not
confirm this.

In the stage of complete mucosal necrosis,
macroscopy or microscopy is not diagnostic of
pseudomembranous colitis anymore as this type
of injury can occur in ischemic colitis or▶ inflam-
matory bowel disease as well. Evaluation of adja-
cent vital mucosa can offer some clues to the
diagnosis and etiology of the necrosis. In
▶ inflammatory bowel disease, inflammatory
and architectural changes will be prominent.
Ischemic colitis will show glandular atrophy and
hyalinization of the lamina propria. In pseudo-
membranous colitis, transition from necrotic

zones to relatively normal mucosa is quite abrupt.
In areas with preserved mucosal structure, early
summit and volcano lesions can be identified as
part of the spectrum of lesions.

Histology of biopsies from patients with
Klebsiella oxytoca-induced antibiotic-associated
hemorrhagic colitis is similar to that of other
toxin-induced forms of colitis. This type of colitis
may also resemble ischemic colitis. The diagnosis
should therefore be confirmed by stool cultures.

References and Further Reading

Beaugerie, L., & Petit, J. (2004). Antibiotic-associated
diarrhea. Best Practice & Research Clinical Gastroen-
terology, 18, 337–352.

Cameselle-Teijeiro, J., Abdulkader, I., & Forteza, J.
(2004). Signet-ring cell change in pseudomembranous
colitis versus signet-ring cell carcinoma. The American
Journal of Surgical Pathology, 28, 1111.

Högenauer, C., Langner, C., Beubler, E., Lippe, I. T.,
Schicho, R., Gorkiewicz, G., Krause, R., Gerstgrasser,
N., Krejs, G. J., & Hinterleitner, T. A. (2006). Klebsi-
ella oxytoca as a causative organism of antibiotic-

Antibiotic-Associated Colitis, Fig. 4 Pseudomem-
branous colitis with signet-ring cell change

58 Antibiotic-Associated Colitis

http://dx.doi.org/10.1007/978-3-319-40560-5_1490
http://dx.doi.org/10.1007/978-3-319-40560-5_1490
http://dx.doi.org/10.1007/978-3-319-40560-5_1490


associated hemorrhagic colitis. The New England Jour-
nal of Medicine, 355, 2418–2426.

Mylonakis, E., Ryan, E. T., & Calderwood, S. B. (2001).
Clostridium difficile-associated diarrhea. A review.
Archives of Internal Medicine, 161, 525–533.

Price, A. B., & Davies, D. R. (1977). Pseudomembranous
colitis. Journal of Clinical Pathology, 30, 1–12.

Anus

Jean-François Fléjou1 and Denis Chatelain2
1Faculté de Médecine Pierre et Marie Curie,
Service d’Anatomie et Cytologie Pathologiques,
Hôpital Saint-Antoine, Paris, France
2Service d’Anatomie Pathologique, Centre
Hospitalier et Universitaire du Nord, Amiens,
France

Synonyms

Anal canal

Anatomy

Classically, the generic term “anus” encompasses
two parts: the anal canal and the anal margin or
perianal skin. This terminology applies to the
classification of anal tumors, which can be located
either in the anal canal or in the anal margin.
However, only the anal canal is precisely defined,
and this term is often employed synonymously to
the term anus.

The anus constitutes the distal 30–40 mm of
the gastrointestinal tract. It extends from the rec-
tum superiorly to the perianal skin inferiorly. The
anal canal is defined surgically by the borders of
the internal anal sphincter (Parks 1958). Anato-
mists use the levels of the anal valves and the anal
orifice, respectively, to mark the upper and lower
limits of the anus (Fenger 2007).

The mucosa comprises successive zones, with
in the upper part vertical folds known as the anal
columns, joined at their lower end by the anal
valves marking the position of the dentate or
pectinate line (see section “Microscopy”).

Musculature
From the inside out, the anal musculature com-
prises the musculus submucosae ani, the internal
anal sphincter, the intersphincteric longitudinal
muscle, and the external sphincter. The internal
sphincter is a continuation of the distal part of the
internal circular layer of the rectal muscularis pro-
pria but is considerably thicker, measuring 5–8mm
in thickness. The internal sphincter is under auto-
nomic control and is responsible for the major part
of resting anal canal tone. The external sphincter is
a surrounding sleeve of striated muscle that blends
into the puborectalis muscle proximally and
extends just below the internal sphincter margin
distally. It is a voluntary muscle with innervation
from the pudendal nerve. It can be divided into
three parts: a deep part and a superficial part
that surround the internal sphincter and
a subcutaneous part.

Blood Supply and Vessels
The arterial supply to the anus comes from the
superior, middle, and inferior rectal arteries, with
large individual variation in anatomical details.
The terminal branches of the arteries split up into
small tortuous vessels, with some arteriovenous
anastomoses with the submucosal venous plexus.
This plexus is modified in three specialized vas-
cular anal cushions, located in the left lateral, right
anterior, and right posterior zones of the upper
two-thirds of the anal canal. The plexuses consist
of submucosal anastomosing networks of arteri-
oles and venules showing similar features to erec-
tile tissue. Hemorrhoids are defined as enlarged
and prolapsed anal cushions. The superior, mid-
dle, and inferior rectal veins make the venous
drainage of the anus.

Lymphatics
The lower part of the anal canal below the dentate
line and the perianal skin are drained to the super-
ficial inguinal nodes. The lymphatic drainage of
the anal canal above the dentate line passes to the
superior rectal group of lymph nodes.

Nerves
Ganglion cells present in submucous and
myenteric plexuses in the rectum are absent or

Anus 59

A



sparse in the first centimeter of the anal canal
above the dentate line.

The sensory innervation of the lower part of the
anal canal is accomplished by the inferior rectal
nerves.

Function

The role of the anus is to control the expulsion of
feces. Anal continence is maintained by the inter-
nal and external anal sphincters and the muscles of
the pelvic floor.

Size

The anal canal measures 30–40 mm in length. It is
a few millimeters shorter in females (Nivatvongs
et al. 1981).

Macroscopy

The anal canal extends from the level of the pelvic
floor to the anal opening. The lower border of the
anal canal gradually merges to the perianal skin, at
the level of the anal verge. This transition can be
recognized by the presence of skin appendages.
The anal lumen forms a triradiate slit, with the
stem of the Y located posteriorly and the arms
anteriorly. Three folds are present, named the
anal cushions. The initial part of the mucosa
shows a similar appearance to the mucosa of the
rectum above. The mucosa of the upper half of the
anal canal forms six to ten vertical folds desig-
nated as the anal columns (or columns of
Morgagni), separated by the anal sinuses. The
bases of the anal columns are connected by semi-
lunar valves. Anal valves are usually more visible
in children but may also become more prominent
in elderly individuals. The line composed of anal
valves and sinuses and the bases of the columns is
designated by the term dentate line or pectinate
line. Distal to the dentate line and sinuses,
a smooth gray area is present, corresponding to
the squamous epithelium. At the lower border of

the anal canal, the perianal skin is easily recog-
nized with hair follicles.

Microscopy

Mucosa
The mucosa of the anal canal contains four suc-
cessive zones: the colorectal zone, immediately
distal to the rectum; the anal transitional zone
(often designated by its acronym ATZ); the
uninterrupted nonkeratinizing squamous zone;
and the distal zone made of keratinizing squamous
epithelium (Fenger 1988) (Fig. 1).

– Colorectal zone: this zone succeeds to the rectal
mucosa, and no line of demarcation marks the
transition. Compared to the rectal mucosa, the
crypts are shorter and more irregular.

– Anal transitional zone: this zone has irregular
limits and varying locations and extents. It con-
stitutes the only specific type of mucosa in the
anal region. The ATZ epithelium consists of four
to nine cell layers (Fig. 2). The basal cells are
small with nuclei arranged perpendicularly to
the basement membrane and correspond to the
proliferative compartment. Intermediate cells
have a shape between that of basal cells and
surface cells. Surface cells can be columnar,
cuboidal, or flattened; they resemble urothelial
or immature metaplastic squamous epithelium

Anus, Fig. 1 Anal mucosa with areas of transitional epi-
thelium (lower part) and unkeratinized squamous epithe-
lium (upper)
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and may contain sparse mucus (Fig. 3). Mature
goblet cells may also be present, and occasional
melanocytes can be seen. Mitoses are rare in
the absence of mucosal injury.

The anal glands open in the ATZ. Their
median number is six, with a range of three to
ten. They are located in the submucosa, and
some penetrate into the internal sphincter and
even reach the intersphincteric space and the
external sphincter (Fig. 4). The epithelial lining
is similar to the ATZ surface epithelium.
A characteristic feature is the presence of
intraepithelial microcysts. These glands dis-
charge into the anal crypts through long tubular
anal ducts. Lymphoid nodules are often present
around these ducts.

Endocrine cells are present in the colorectal
mucosa, in the transitional mucosa, in anal
glands and ducts, and in perianal sweat glands.

– Squamous zone: this zone begins at the level of
the dentate line. The squamous epithelium is
unkeratinized, with short or no papillae
(Fig. 1). Melanocytes are more numerous as
in the ATZ, and the epithelium contains
dendritic cells, T lymphocytes, and Merkel
cells. Glands and skin appendages are absent
in this region.

– Perianal skin: keratinization appears at the lower
end of the anal canal, and the squamous zone
merges into the perianal skin, with sweat glands,
hair follicles, sebaceous glands, and apocrine
glands. The sweat glands are lined by columnar
epithelium with characteristic cytoplasmic
“snouts” protruding in the lumen and resting
on flat myoepithelial cells. These glands are at
the origin of papillary hidradenoma.

Lamina Propria and Submucosal
Connective Tissue
The lamina propria is made of loose connective
tissue with variable numbers of mast cells and
CD34-positive cells of fibroblastic origin that
may give rise to fibroepithelial polyps. The
muscularis mucosa of the rectum extends to the
colorectal zone of the anal canal and may still be
present in the upper part of the ATZ. The

Anus, Fig. 2 Multilayered epithelium of the anal transi-
tional zone (ATZ)

Anus, Fig. 3 Mucus secreting cells in the upper part of the
anal transitional epithelium (Alcian blue)

Anus, Fig. 4 Anal gland penetrating the internal sphincter
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submucosal connective tissue is loose in the upper
anal canal, but it is denser in the lower part,
anchoring the epithelium to the superficial part
of the internal sphincter.

Immunophenotype

The colorectal epithelium in the upper part of the
anal canal is CK20+/CK7-. The ATZ epithelium
and anal glands are CK7+/CK20-. Androgen,
estrogen, and, to a lesser degree, progesterone
receptor are present in the squamous epithelium
and in the underlying connective tissue of the anal
canal. Endocrine cells express synaptophysin and
chromogranin A, and the largest population
expresses serotonin. Melanocytes express S100
protein, Melan A, and HMB-45.

Important Diseases

Name of the disease

Abscess

Adenocarcinoma, Anal

Atresia

Basal Cell Carcinoma, Anal Margin

Bowen Disease

Bowenoid Papulosis

▶Condyloma, Anal

Fibroepithelial Polyp

▶Hemorrhoid

▶ Inflammatory Cloacogenic Polyp

Melanoma

Neuroendocrine Neoplasms, Anal

Paget’s Disease, Anal

▶ Squamous Cell Carcinoma, Anus

Verrucous Carcinoma, Anal
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Appendiceal Tumors

Magali Svrcek
Hôpital Saint-Antoine, Service d’Anatomie
Pathologique, AP-HP, Hôpitaux Universitaires de
l’Est Parisien, Paris, France

Synonyms

Adenocarcinoma; Carcinoid; Crypt cell carci-
noma; Goblet cell tumor; Goblet cell-type
adenocarcinoid; High-grade neuroendocrine car-
cinoma; Microglandular carcinoma; Mucinous
carcinoid tumor; Neuroendocrine neoplasm;
Non-mucinous carcinoma; Poorly differentiated
endocrine carcinoma; Signet ring cell carcinoma;
Small cell and large cell endocrine carcinoma;
Well-differentiated endocrine tumor/carcinoma

Definition

One of the particularities of the appendix is the
higher incidence of neuroendocrine neoplasms
than carcinomas. Neuroendocrine neoplasms
(NENs) of the appendix correspond to neoplasms
with neuroendocrine differentiation and include
neuroendocrine tumors (NET), neuroendocrine
carcinoma (NEC), and mixed adenoneur-
oendocrine carcinomas (MANEC). In the latter,
both the endocrine and exocrine components
exceed 30%.

Primary adenocarcinomas of the appendix are
rare after one eliminates low-grade appendiceal
mucinous neoplasms (LAMNs) and mucinous ade-
nocarcinomas. In the current UICC/AJCC TNM
staging (7th edition, 2010), appendiceal adenocar-
cinomas are separated into mucinous and non-
mucinous types because of a significant 5-year
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survival difference (UICC/AJCC TNM staging
2010). Two entries of the present encyclopedia are
specifically devoted to the description of these
types of mucinous neoplasms (see “▶Mucinous
Cystadenoma, Appendix” entry, and “▶Mucinous
Cystadenocarcinoma, Appendix” entry).

Here, the different types of NENs of the appen-
dix and, briefly, non-mucinous adenocarcinoma
are described. A short paragraph will also be
devoted to miscellaneous tumors.

Tumors of the appendix composed entirely or
partially of neuroendocrine cells are divided into
two distinct categories: classic carcinoid tumors
(with a minor variant) and goblet cell carcinoid
(GCC) tumors and their variants. GCCs have
mixed phenotypes, with partial neuroendocrine
differentiation and intestinal goblet cell mor-
phology. They are considered to represent
a separate clinicopathological entity, distinct
from both appendiceal NETs and appendiceal
adenocarcinomas.

The different types of appendiceal tumors are
summarized in Table 1.

Clinical Features

• Incidence
Appendiceal tumors constitute <0.4% of all
intestinal neoplasms. NENs have been reported
with an incidence rate of approximately 0.15/
100,000/year in the SEER databases (Yao et al.
2008). Similarly, recent data from European reg-
istries reported an incidence of 0.08/100,000.
Appendiceal NENs comprise the largest sub-
group of appendiceal neoplasms with 50–77%
of all appendiceal neoplasms, including both
benign and malignant neoplasms, and are the
second most frequently occurring digestive
NETs, with a relative frequency of 25–30%.
They affect 0.3–0.9% of patients undergoing
appendectomy.Because not all cases are reported,
particularly when NETs are less than 1 cm, this
rate might be however underestimated. NECs, on
the other hand, are very rare.

Because of its rarity, exact figures on inci-
dences and percentage of GCCs among
appendiceal neoplasms vary depending on the

data source. The incidence of GCCs is estimated
to be one-tenth of that for appendiceal NENs.

Appendiceal NENs are sporadic tumors
unrelated to familial tumor syndromes.

• Age
Appendiceal NETs occur in all age groups,
including childhood, but are most common in
the third, fourth, and fifth decades of life.
The age of presentation of appendiceal NETs

Appendiceal Tumors, Table 1 The World Health Orga-
nization (WHO) classification of appendiceal tumors (from
WHO 2010)

Epithelial tumors:

Premalignant lesions

Adenoma

Dysplasia (or intraepithelial neoplasia)

Serrated lesions

Hyperplastic polyp

Sessile serrated adenoma/polyp

Traditional serrated adenoma

Carcinoma

Adenocarcinoma

Mucinous adenocarcinoma

Low-grade appendiceal mucinous neoplasm

Signet ring cell carcinoma

Undifferentiated carcinoma

Neuroendocrine neoplasms

Neuroendocrine tumor (NET)

NET G1 (carcinoid)

NET G2

Neuroendocrine carcinoma (NEC)

Large cell NEC

Small cell NEC

Mixed adenoneuroendocrine carcinoma (MANEC)

EC cell, serotonin-producing NET

Goblet cell carcinoid

L cell, Glucagon-like peptide and PP/PYY-producing
NETs

Tubular carcinoid

Mesenchymal tumors

Leiomyoma

Lipoma

Neuroma

Kaposi sarcoma

Leiomyosarcoma

Lymphomas

Secondary tumors
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is significantly younger than in patients
with appendiceal adenocarcinomas (sixth or
seventh decade of patients’ life).

GCCs mostly occur during the fifth decade.
• Sex

Appendiceal NETs occur more frequently in
females than males, although this increased
incidence in females is probably exaggerated
by the fact that incidental appendicectomy dur-
ing laparotomy for unrelated conditions (nota-
bly gynecological conditions) is more frequent
in females. NETs may also be more frequent in
the Caucasian subpopulation than in the Afri-
can-American and Asian subpopulations.

In contrast to classic appendiceal NETs,
roughly equal numbers of men and women
develop GCCs. An ethnic preference for Cau-
casians is clearly described with more than
80% of GCCs reported in this population. An
association of GCCs with schistosomiasis has
recently been reported in a Chinese series.

• Site
Most appendiceal NETS are asymptomatic and
are found incidentally in appendectomy speci-
mens removed for some unrelated condition.
Thus, the detection of these neoplasms requires
a careful histological examination.

Contrary to appendiceal carcinomas which
develop at the base of the appendix,
appendiceal carcinoid tumors usually develop
near the tip (70% or more) (Fig. 1). Indeed, the
cell of origin of appendiceal NET is the sub-
epithelial Kultschitzky cells, which are more
numerous toward the appendiceal tip. Tubular
carcinoid tumors, which are a rare variant of
appendiceal “classic” NETs, also tend to
develop at the tip of the appendix. Some
NETs are located in the mid-appendix
(5–20%) and the smallest fraction (less than
10%) at the base of the appendix. In the case
of a close localization to the base of the appen-
dix (10% of cases), the neoplasm may obstruct
the lumen and produce appendicitis. An
extremely rare carcinoid syndrome, resulting
from the systemic effects of vasoactive peptide
secretion by the tumor and almost always
related to widespread metastases, has been
described in less than 1% of cases.

GCCs are usually located in the middle
third of the appendix and may cause appendi-
citis. They may be found in any portion of the
appendix and appear as an area of whitish,
sometimes mucoid induration without dilata-
tion of the lumen. At diagnosis, approximately
10% of these tumors are already widespread
with distant metastases to the liver, the ovaries,
and the peritoneum.

• Treatment
Despite the fact that NETs are invasive neo-
plasms, often showing perineural spread or
lymphatic invasion and extending through
the wall of the appendix to the serosa
or mesoappendix, simple appendectomy is
adequate therapy for the vast majority of
these neoplasms.

For NETs, tumor size plays a major role
when deciding upon type of surgery. The influ-
ence of several other parameters, such as
lymphovascular invasion, subserosal invasion,
extension to the mesoappendix, and the

Appendiceal Tumors, Fig. 1 Gross appearance of
a neuroendocrine tumor (NET) G1 (carcinoid) located at
the tip of the appendix. The tumor has a typical yellow
coloration
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distance from the mesoappendiceal resection
margin, remains to be defined.

Two surgical procedures can be applied to
treat appendiceal NETs: simple appendicectomy
and oncological right-sided hemicolectomy.

Most classic carcinoid neoplasms of the
appendix being very indolent and any meta-
static spread being usually restricted to tumors
greater than 2 cm in diameter, most authors
agree that simple appendectomy is adequate
therapy for carcinoid neoplasms measuring
less than 1 cm. These tumors ever hardly
metastasize. Right hemicolectomy (including
lymphadenectomy) is however indicated for
tumors measuring more than 2 cm in diameter.
The indications for further surgery are based
on the location of neoplasms (at the base
of the appendix with involvement of the surgi-
cal margin or the cecum) or a strong clinical
evidence of metastases to regional lymph
nodes.

The treatment of NETs measuring 1–2 cm
remains controversial. Complementary sur-
gery (right hemicolectomy) and/or follow-up
is debated in case of a deep mesoappendiceal
infiltration (beyond 3 mm), positive or unclear
margins, higher proliferative rate (G2; see
below), and/or angioinvasion (Deschamps
and Couvelard 2010).

In summary, indications for right-sided
hemicolectomy in patients with appendiceal
NETs are:

– Tumor located at the base of the
appendix

– Tumor present in resection margin
– Tumor extending to mesoappendix
– Presence of angioinvasion
– Tumor measuring �2 cm
– Evidence of metastases
– High mitotic activity

GCCs are considered as MANEC, a
biological subtype of adenocarcinoma. They
require a different therapeutic approach. Due
to a higher metastatic risk, right-sided
hemicolectomy, usually performed after initial
appendectomy even when the appendiceal
margin is negative for cancer cells, is

considered the standard surgical treatment
for the majority of GCCs. This right-sided
hemicolectomy is recommended within
3 months of the appendectomy. In very rare
cases (tumor measuring less than 1 cm, a local-
ized tumor, without serosal, mesoappendiceal,
or cecal invasion, and a low proliferative index),
an appendectomy alone can be proposed.
Cytoreductive surgery with adjuvant chemo-
therapy or intraperitoneal chemotherapy can be
proposed in cases with advanced peritoneal dis-
semination. Treatment of liver metastases might
follow the corresponding recommendations for
colonic adenocarcinomas.

• Outcome
NETs
The prognosis is generally good, with
a reported 5-year survival varying from 88%
to 94% in patients with localized disease,
78–84% in patients with regional dissemina-
tion, and 25–31% in patients with distant
metastasis (Yao et al. 2008).

Location at the base of the appendix does
not modify the prognosis, but may change the
therapeutic decision in case of involvement of
the surgical margin.

The significance of several parameters other
than tumor size, such as lymphovascular inva-
sion, subserosal invasion, extension to the
mesoappendix, and the distance from the
mesoappendiceal resection margin, remains to
be defined.

The evaluation of mitotic and proliferative
index is now part of the WHO classification
(7th edition) scheme of gastrointestinal NENs,
but its relevance in appendiceal NENs is not as
precisely defined as it is for other endocrine
tumors. The proposed grading based on mor-
phological criteria and proliferation has three
tiers (G1, G2, G3) with the following defini-
tions of mitotic count and Ki67 index (Rindi
et al. 2010):
– G1: mitotic count <2 per 10 high-power

fields (HPF) and/or �2% Ki67 index
– G2: mitotic count 2–20 per 10 HPF and/or

3–20% Ki67 index
– G3: mitotic count >20 per 10 HPF and/or

>20% Ki67 index
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Grading is combined with a site-specific
staging system to improve prognostic strength.
Two different staging systems exist, one
proposed by the European Neuroendocrine
Tumor Society (ENETS) in 2007 and the other
recently proposed by the American Joint Com-
mittee on Cancer (AJCC) (7th edition, 2010).
Tumors are classified according to their size and
infiltration into the appendiceal wall. This clas-
sification has some differences with those used
for appendiceal carcinomas. Moreover, this
classification for NENs of the appendix has
also differences with other well-differentiated
gastrointestinal NENs. This is due to the fact
that NETs of the appendix have no apparent in
situ state and may arise in deep mucosa or
submucosa, and that the tumor size, more than
its depth, is considered as a major criterion of
aggressiveness for a localized tumor. It is worthy
to note that the 2 systems differ considerably in
the cutoff values and classification rules.

An invasion of more than 3 mm in depth has
been suggested to reflect the aggressiveness of
the disease and is therefore used in the TNM
classification by ENETS to distinguish T2
from T3 tumors, even in tumors <2 cm.

The most clinically relevant parameters for
the pathologic characterization of appendiceal
NENs remain to be defined. A recent Italian
retrospective study of 138 appendiceal NENs
was designed with the aim of testing the appli-
cability and prognostic significance of the
previous and current WHO classifications, dif-
ferent pathologic parameters, and TNM stag-
ing systems (2010 WHO/AJCC and ENETS
2007) (Volante et al. 2013). Interestingly, in
the specific appendiceal location, at variance
with midgut/hindgut NENs, mesoappendix
invasion (and the 2000 WHO classification)
performs better than the grading-based 2010
WHO scheme and, together with tumor stage,
seems to be the most relevant parameter asso-
ciated with clinical aggressiveness. It seemed
that the ENETS system produced an over-
estimation, whereas the 2010 WHO/AJCC
TNM system was more accurate and specific
in selecting the very few aggressive and
fatal cases.

The comparisons of WHO 2010 classifica-
tion of appendiceal NEN versus WHO 2000
classification and of TNM classification of
appendiceal NENs according to ENETS versus
UICC/AJCC are shown, respectively, in
Tables 2 and 3.

In summary, for well-differentiated
tumors, diagnosed incidentally, with
a maximum diameter of 1 cm and R0 resec-
tion, no follow-up is required when consid-
ered cured. For well-differentiated tumors of
1–2 cmandR0 resection, there is no sufficient
data for a clear-cut decision. A follow-up is
not necessarily required. However, in cases

Appendiceal Tumors, Table 2 Comparison of WHO
2010 classification of appendiceal NEN versus WHO
2000 classification

WHO 2000 WHO 2010

A. Well-differentiated
endocrine tumor

A. NET G1 (carcinoid)

1. Benign behavior

Nonfunctioning

Confined to appendiceal
wall

�2 cm

Nonangioinvasive

Ki67 index �2%

Mitoses of �2 cells/HPF
x40

2. Uncertain behavior

Nonfunctioning

Confined to subserosa

>2 cm

Angioinvasive

B. Well-differentiated
endocrine carcinoma,
low-grade, malignant

B. NET G2

Invading the
mesoappendix or beyond

With metastases

With or without
a functioning (carcinoid)
syndrome

C. Poorly differentiated
endocrine carcinoma/
small cellcarcinoma

C. NEC (large cell and
small cell type)

D. Mixed exocrine-
endocrine carcinoma

D. Mixed
adenoneuroendocrine
carcinoma (MANEC)
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with deep mesoappendiceal infiltration or
angioinvasion, imaging may be performed
to rule out any residual tumor. All other
patients with either tumor size>2 cm,metas-
tases, or additional risk factors (including R1

resection) should be followed initially after 6
and 12 months postoperatively and then
annually (Pape et al. 2012).
GCCs
GCCs have a worse prognosis than
appendiceal NENs. The 5-year survival of
patients with GCCs is 86% for localized dis-
ease, 74% for regional disease, and 18% when
distant metastases are present.

Serosal involvement, invasion of the meso-
appendix, and extension into the peritoneum or
adjacent organs are prognostic factors. The pat-
tern of extension is predominantly limited to the
pelvic organs with peritoneal spread.

GCCS are classified according to the TNM
staging of adenocarcinomas because their
behavior appears closer to them rather than to
appendiceal carcinoids (see “▶Mucinous
Cystadenocarcinoma, Appendix” entry).

After curative surgical treatment, patients
should be followed every 3–6 months,
then yearly, mimicking the guidelines for colo-
rectal adenocarcinoma. Gastrointestinal fol-
low-up is recommended because of the high
incidence (up to 48%) of gastrointestinal neo-
plasms in these patients.

Macroscopy

During macroscopic examination, margin of the
appendix must be individualized, as well as the
entire tip of the appendix. When an appendiceal
NEN is found by histological analysis, the entire
tumor and the totality of the appendix should be
submitted in this examination in order to rule out
size and invasion.

Grossly, appendiceal NETs are firm, grayish
white (yellow after formalin fixation), well
circumscribed, but not encapsulated. The size dis-
tribution is 60–80% for tumors smaller than 1 cm,
4–37% for those between 1 and 2 cm, and 2–17%
for those larger than 2 cm.

GCCs range in size from 1 to 5 cm, with
a mean of 2 cm. However, they usually lack
a well-defined tumor mass structure, making
somewhat difficult the accurate assessment of
their size.

Appendiceal Tumors, Table 3 Comparison of TNM
classification of appendiceal NEN according to ENETS
versus UICC/AJCC (TNM classification) (from Pape
et al., 2012)

ENETS UICC/AJCC

T: primary tumor

x: primary tumor
cannot be assessed

0: no evidence of
primary tumor

1: tumor � 1 cm
invading submucosa
and muscularis propria

1a Tumor <1 cm in greatest
dimension

1b Tumor >1 cm but �2 cm in
greatest dimension

2: tumor �2 cm
invading submucosa,
muscularis propria,
and/or minimally (up
to 3 mm) invading
subserosa/
mesoappendix

Tumor > 2 cm but �4 cm or
with extension to the cecum

3: tumor> 2 cm and/or
extensive (>3 mm)
invasion of subserosa/
mesoappendix

Tumor > 4 cm or with
extension to the ileum

4: tumor invades
peritoneum/other
organs

Tumor perforates peritoneum
or invades other adjacent
organs or structures, e.g.,
abdominal wall and skeletal
muscle

N: regional lymph
node metastasis

x: regional lymph
nodes cannot be
assessed

0: no regional lymph
node metastasis

1: regional lymph node
metastasis

M: distant metastasis

X: distant metastasis
cannot be assessed

0: no distant metastasis

1: distant metastasis
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Microscopy

Histology is always necessary to establish the
diagnosis. However, cytology may be helpful,
particularly in the rare metastatic setting.

NETs
Appendiceal NETs display several distinct histo-
logical patterns: the large majority of classic
appendiceal carcinoid tumors are enterochromaf-
fin (EC) cell, serotonin-producing tumors. Only
a minority are glucagon-like peptide, PP/PYY-
producing, or L cell NETS.

In EC cell NET, tumor cells are arranged in
rounded, solid nests (“insulae”) (Fig. 2a), with
some peripheral palisading infiltrating the
appendiceal wall. A minority of tumors exhibit
glandular formations or a mixture of the two.
Tumor cells are uniform, with little or no pleo-
morphism. Mitoses are rare and Ki67 proliferative
index is mostly <2% (G1 class) (Fig. 2b).
A retraction of the tumor periphery from the
stroma is usually evident and sometimes promi-
nent. An acinar component can be present; in that
case, the cells differentiate into solid rosettes
containing small amounts of mucin. In that vari-
ant, some of the cells may appear clear, a pattern
termed “clear cell” or “balloon cell carcinoid.”
Occasionally, cells may appear vacuolated, per-
haps related to degeneration. Most EC cell NETs
involve deeper layers of the appendiceal wall and
display also lymphatic and perineural invasion.

Spread to the peritoneal surface is not rare.
Despite such aggressive growth patterns, the
behavior of most classic appendiceal NETs is
very indolent, and metastatic spread is uncom-
mon. More aggressive NETs display nuclear pleo-
morphism and a higher mitotic rate.

A minority of classic carcinoid tumors are
composed of L cells rather than EC cells. They
produce glucagon-like peptides (GLP1, GLP2,
and the enteroglucagons glicentin and
oxyntomodulin) and PP/PYY. They tend to fea-
ture tubular or trabecular patterns rather than solid
nests. These tumors are usually small, measuring
only 2–3 mm in size. Tumor cells are regular and
mitotic activity is little. Occasionally, mucin is
present in the lumen of the tubules.

Tubular carcinoid tumors do not resemble the
typical EC cell NETs: they show little contact with
the mucosa and originate from the base of the
glands. These tumors have a distinctive appear-
ance with small, discrete tubules or linear struc-
tures in an abundant fibrosis. Solid nests are
generally absent. The tumor cells have round or
oval regular nuclei and contain variable amounts
of eosinophilic cytoplasm. Inspissated mucin can
be observed in their lumen.

D-cell tumors are extremely rare in the
appendix.

Neuroendocrine Carcinomas
Neuroendocrine carcinomas (NECs) are exceed-
ingly rare in the appendix. Both the histology and

Appendiceal Tumors, Fig. 2 (a) Appendiceal neuroendocrine tumor (NET) of classic (insular) type (A) (�200
magnification); (b) Tumor cells scarcely (<1%) express Ki67 (�200 magnification)
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the immunoprofile are similar to those reported at
other sites of the gastrointestinal tract.

GCCs
GCC is the other major type of appendiceal tumor.
Typical GCCs have a mixed phenotype, with par-
tial neuroendocrine differentiation and predomi-
nant intestinal-type goblet cell morphology.
Goblet cells are arranged in small uniform nests,
often in a microglandular fashion, and are some-
times accompanied by extracellular mucus. The
intestinal-type goblet cells exhibit minimal cyto-
logical atypia (Fig. 3a–c). Mitotic figures are
rarely identified. Smaller numbers of endocrine
cells with finely granular eosinophilic cytoplasm
are also normally present. A component of lyso-
zyme-positive cells with features similar to Paneth
cells may also be observed, as well as foci resem-
bling Brunner glands. GCCs are characterized

by predominantly submucosal growth. They
typically infiltrate the appendiceal wall in
a concentric manner, with a common extension
into the muscle and serosa, but the mucosa is
characteristically spared, except where the
tumor touches the bases of the crypts. These
tumors often elicit a considerable desmoplastic
response.

The proportion of each of the two components
varies markedly within the tumors. Typically, the
EC cell component is small. In some cases, GCCs
resemble a signet ring cell carcinoma, and the
neuroendocrine component is only detectable
after the use of stains for neuroendocrine differ-
entiation. That is why Fenoglio-Preiser et al.
advocate that all appendiceal lesions that look
like signet ring cell carcinomas be stained with
neuroendocrine markers to exclude the presence
of the biologically less aggressive GCCs.

Appendiceal Tumors, Fig. 3 Appendiceal goblet cell carcinoid. (a): Typical clusters of goblet cells; (b): Goblet cells
positive with alcian blue staining; (c): Focal positivity is detected with chromogranin antibody (�200 magnification)
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GCCs are thought to be intermediate between
classic carcinoid tumors and adenocarcinomas.
Mixed GCC-adenocarcinomas are also reported.
Adenocarcinoma (either a signet ring cell type or
poorly differentiated adenocarcinoma type)
appears to arise from a preexisting GCC.

As seen previously (see “Outcome” section),
nomenclature and classification of neuroendo-
crine neoplasms of the digestive system have
changed since 2010. Two complementary classi-
fication tools, including a grading classification
and a site-specific staging system, are now used.

In summary, histological report should
include:

– An immunohistochemical staining (syn-
aptophysin and chromogranin A, or CD56)
to prove the neuroendocrine character of
the tumor. Tumor subtyping by immunohis-
tochemistry is not necessary on a routine
basis.

– A mitotic count per 10 HPF (2 mm2, at least
40 fields at �40 magnification) evaluated in
areas displaying the highest mitotic density.
Histological grading is not carried out for
carcinoid tumors, but a mitotic count of
2–10 per hpf and focal necrosis are features
of atypical carcinoids (well-differentiated
neuroendocrine carcinomas), a type seen
much more commonly in lungs than in
appendix.

– The Ki67 index (using theMIB1 antibody as
a percentage of 500–2,000 cells counted in
areas displaying the strongest nuclear label-
ing) to determine the proliferative capacity
of the tumor. The Ki67 index allows the
determination of tumor grading based on
the current WHO classification.

– The presence or not of angioinvasion, peri-
neural spread, or necrosis and the distance
from the mesoappendiceal resection
margin.

– ENETS-TNM classification in addition to
the AJCC/UICC TNM staging.

– Surgical margin status (R0/R1) must be
reported clearly.

Immunophenotype

NETs
The tumor cells are argentaffin and argyrophilic
and positive with the neuroendocrine cell markers
(chromogranin A, synaptophysin, and CD56) and
serotonin (Fig. 4). Occasional cells stain for
somatostatin, glucagon, calcitonin, CCK, gastrin,
ACTH, neurotensin, and PP. The tumor cells are
also positive for keratins 8 and 19 and usually
negative for keratins 7 and 20, CEA, and TTF1.
Keratin staining tends to be weaker than in ileal
carcinoids. The tumor cells characteristically
express CDX2, a marker of midgut derivation,
and are intimately associated with a population
of S-100 protein-positive cells, forming sub-
epithelial neuroendocrine complexes.

In contrast to carcinoid tumors made of EC
cells, those composed of L cells tend to be nega-
tive for chromogranin A. The tumor cells are
cytokeratin immunoreactive.

Tubular carcinoid tumors are positive for
chromogranin A, synaptophysin, and serotonin.
Contrary to other types of NETs, these tumors
produce proglucagon mRNA and are frequently
immunoreactive for glucagon. S-100-positive
cells are absent.

Appendiceal Tumors, Fig. 4 Chromogranin A
immunostaining of the appendiceal NET illustrated in
Fig. 2a (�200 magnification)
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GCCs
Mucin stains (periodic acid-Schiff, periodic acid-
Schiff diastase, Alcian blue) are strongly positive
within goblet cells and may underline the pres-
ence of pools of extracellular mucin. Contrary to
most classic NETs, immunohistochemistry
performed in GCCs with neuroendocrine markers
demonstrates focal positivity (in 5–25% of tumor
cells) and not a diffuse staining. The goblet cells
stainMUC2. CK20 is present in all cases and CK7
in about 70%. There is also frequent expression
of CK18.

Molecular Features

KRAS mutations are rarely found in NETs and
GCCs. Unlike other NETs of the gastrointestinal
tract, loss of heterozygosity (LOH) at the MEN1
gene locus appears to be rare. Expression of addi-
tional immunohistochemical markers such as p53
is still unclear and remains to be investigated in
larger series.

In GCCS, TP53 mutations are present in about
25% of cases. These tumors classically lack
DPC4/SMAD4 mutations, as well as mutations
of the gene coding for beta-catenin (CTNNB1).

Differential Diagnosis

NETs
Retraction artifacts mimic angioinvasion.

Tubular carcinoid tumors can mimic a primary
or metastatic adenocarcinoma because tumoral
cells show little contact with the overlying
mucosa and cause an ill-defined thickening of
the appendiceal wall. The lack of mitoses and
atypia, orderly arrangement, and integrity of the
overlying mucosa should lead to the correct diag-
nosis. It is also important to distinguish tubular
carcinoid tumors from GCCs that have a worse
prognosis and require more aggressive treatment.
In tubular carcinoid tumors, all of the tumor cells
are positive with neuroendocrine markers,
the glandular lumens contain mucin but there is

no intracytoplasmic mucin, and Paneth cells are
generally absent.

GCCs
A conventional variant of lipid-rich well-
differentiated appendiceal NENs is a morpholog-
ical differential diagnosis to GCCs because of
their clear appearance. A periodic acid-Schiff
(PAS) staining of mucin (with or without Alcian
blue) is helpful to differentiate these two different
entities.

Another differential diagnosis of GCC
includes signet ring cell carcinoma. Signet ring
cell carcinomas show much more architectural
and cytological atypia. A mucin stain may be
used, in some cases, because signet ring cell car-
cinomas frequently produce pools of extracellular
mucin. The expression of E-cadherin and
B-catenin is preserved in goblet cell carcinoid
and is lost in signet ring cell carcinoma.

Other Appendiceal Tumor: Non-
mucinous Adenocarcinomas and
Miscellaneous Tumors of the Appendix

One entry of this encyclopedia of pathology is
specifically devoted to mucinous adenocarci-
nomas (see “▶Mucinous Cystadenocarcinoma,
Appendix” entry).

Non-mucinous Adenocarcinomas of
the Appendix

Adenocarcinomas of the appendix occur in
0.1–0.2% of appendicectomies, corresponding to
an estimated incidence of 0.2 per 100,000 per
year, and are accounted for 60% of malignant
appendiceal tumors in the US Surveillance,
Epidemiology, and End Results (SEER 1981).

Outcome
The 5-year survival of appendiceal non-mucinous
carcinomas with distant metastasis is around 10%
(versus 40–50% for mucinous appendiceal
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carcinomas), which justifies the separation
between mucinous and non-mucinous adenocar-
cinomas. Contrary to mucinous adenocarcinomas,
non-mucinous carcinomas tend not to produce
pseudomyxoma peritonei. Non-mucinous
appendiceal carcinomas behave like colorectal
adenocarcinomas, metastasizing to the regional
lymph nodes or to the liver. Nodal metastases are
present in approximately 25% of resection
specimens.

The prognosis of patients with appendiceal
signet ring cell carcinomas is poor, tumors being
frequently detected at an advanced stage. Thus,
many patients die of their disease within 1 year or
two of their original diagnosis.

Right hemicolectomy and regional lymph-
adenectomy are the treatment of choice for
adenocarcinoma.

Macroscopy
The appendix may be enlarged, deformed, or
completely destroyed by a polypoid, ulcerating,
or infiltrative mass usually present at the base
contrasting with carcinoid tumors that classically
develop on the tip of the appendix. Tumors
may also cause appendiceal intussusception.
Amucinous cystadenocarcinoma can display exu-
berant mucus secretion giving rise to the gross
appearance of a mucocele.

Perforation or diverticula may be present.
Perforations of appendiceal adenocarcinomas
develop in 50–62% of tumors and are responsible
for the dissemination into the peritoneum.

Cecum can be involved with advanced tumor
stages, making it difficult to determine the exact
site of origin. If the major part of the tumor lies in
the appendix or if microscopic examination
reveals a precursor lesion in the appendix, one
can consider that the tumor is of appendiceal
origin.

During macroscopic examination, margin of
the appendix must be individualized. In right
hemicolectomy specimens, the ileal and colonic
margins are the proximal and distal margins,
respectively. In right hemicolectomy specimens,
pathologic assessment of the regional lymph node
should be performed.

Differential Diagnosis
Adenocarcinomas of the cecum can secondarily
involve the base of the appendix and thus are
sometimes erroneously assumed to be of primary
appendiceal origin. A signet ring cell carcinoma
needs to be distinguished from a metastasis of
a gastric or mammary origin and from a GCC.

Appendiceal tumors pathologically resemble
their small and large intestinal counterparts.
Non-mucinous adenocarcinomas of the appendix
are graded using the criteria for colorectal cancers.
Grading is based on the extent of glandular appear-
ances and comprises well, moderately, and poorly
differentiated carcinomas. Well-differentiated
(grade 1) carcinomas exhibit glandular structures
in >95% of the tumor, moderately differentiated
(grade 2) adenocarcinomas show 50–95% gland
formation, poorly differentiated (grade 3) adeno-
carcinomas show 5–50% gland formation, and
finally, undifferentiated (grade 4) carcinomas have
less than 5% gland formation. Non-mucinous
appendiceal adenocarcinomas arise in preexisting
adenomas.

Signet ring cell carcinoma is an adenocarci-
noma in which the predominant component
(more than 50%) is composed of isolated malig-
nant cells containing intracytoplasmic mucin.

Miscellaneous Tumors of the Appendix

Miscellaneous tumors of the appendix include
neural proliferations, lymphomas, and secondary
tumors. Neural proliferations are common in the
appendix. The most frequent is the neuroma, also
called neurogenous hyperplasia. The normal
mucosa and lymphoid tissue are replaced by
a proliferation of spindle cells associated with
nerve fibers, accompanied by neuroendocrine
cells, and causing obliteration of the appendi-
ceal lumen. However, there is considerable
controversy over whether they represent true neo-
plasms or nonneoplastic neuronal proliferation,
possibly resulting from previous episodes of
inflammation.

Primary lymphomas of the appendix are rare
and are usually part of a more general intestinal
spread. Some are of Burkitt type. Secondary
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tumors of the appendix are unusual and have been
described from primary tumors of the breast,
stomach, or bronchus (Fig. 5a, b).
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Appendicitis, Etiology, Macroscopy,
and Histology of

Iva Brcic
Institute of Pathology, Medical University of
Graz, Graz, Austria

Synonyms

Typhilitis; Typhlitis

Definition

Acute appendicitis is an acute emergency charac-
terized by inflammation of the appendix. It is
associated with lumen obstruction and infection.
Obstruction is usually due to a fecalith; however,
other causes have been described: food fragments,
lymphoid hyperplasia (mostly in children), endo-
metriosis, and primary and secondary tumors.
Regarding infection, Fusobacteria (F. nucleatum
and F. necrophorum) was identified in 62% of
patients with acute appendicitis (Swidsinski

Appendiceal Tumors, Fig. 5 (a) Metastatic adenocarcinoma of lung involving the appendix (�100 magnification);
(b) Tumor cells express TTF1 (�200 magnification)
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et al. 2012). Other bacterias (Salmonella, Shi-
gella, C. difficile, Campylobacter), viruses
(Adenovirus, CMV, measles, infectious mononu-
cleosis), and parasites (Enterobius vermicularis,
Schistosoma, Trichuris, Ascaris, Amoebae, etc.)
have been reported. Complications include perfo-
ration, peritonitis, periappendiceal abscesses and
fibrosis, fistula formation, pylephlebitis with
thrombosis of portal venous drainage, and liver
abscess formation (Riddell 2014).

Clinical Features

• Incidence
140 per 100,000 inhabitants (Søreide 1984).

• Age
Usually found in children and young adults but
can occur at any age.

• Sex
There is slight male predominance over
females as 1.4: 1 (Addiss et al. 1990).

• Site
Appendix.

• Treatment
Surgery (appendectomy).

• Outcome
Good prognosis. In case of perforation, up to
2% mortality (higher rate in older population)
(Peltokallio and Tykka 1981).

Macroscopy

Macroscopic appearance varies with the stage of
the inflammation. Initially the appendix can look
almost normal, with congested vessels on the
serosal surface. With progression of the inflam-
mation through the wall, appendix becomes
enlarged and tan colored. Serosal surface can be
covered with tan-yellow exudates. Eventually,
appendix becomes gangrenous leading to perfo-
ration, leaving a well-circumscribed hole (Fig. 1).
On the cut surface, yellowish-tan mucosal exuda-
tion with a hyperemic border can be found. After
resolution of inflammation, luminal obliteration
(also called obliterative fibrosis) is usually found.

Microscopy

Earliest changes are neutrophils infiltrating lam-
ina propria with migration into the surface epi-
thelium causing erosions. Further on, they
migrate to adjacent crypts and form crypt
abscesses and ulcers. Neutrophils can also be
found in lymphoid follicles where they cause
deep suppuration. Later, full-thickness mucosal
ulceration develops and crypt abscesses advance
into submucosa and muscularis propria (Fig. 2).
In the later stage, we can see acute inflammation
of submucosa, visceral peritoneum, and meso-
appendix. In advanced forms, the entire wall of
the appendix is necrotic and filled with pus and
perforation can occur. Rarely, due to perforation,
appendix mucosa can be found growing along
the external surface of the appendix. Resolution
of inflammation can leave architectural distor-
tion with focal dense submucosal fibrosis and
duplicated muscularis mucosae. Eventually,
obliteration of the appendix with neuronal hyper-
plasia develops.

Immunophenotype

There is no distinctive immunophenotypic feature
for appendicitis.

Appendicitis, Etiology, Macroscopy, and Histology
of, Fig. 1 Acute appendicitis, macroscopic image.
Appendix is enlarged and tan colored with visible perfora-
tion; serosal surface is covered by tan-yellow exudates
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Molecular Features

There is no distinctive molecular feature for
appendicitis.

Differential Diagnosis

Differential diagnosis of appendicitis includes
IBD (Crohn’s disease and ulcerative colitis),
infectious enterocolitis, and neutropenic
(agranulocytic) enterocolitis.
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Autoimmune Gastritis

Chella R. S. van der Post and
J. Han van Krieken
Department of Pathology, Radboud University
Medical Center, Nijmegen, The Netherlands

Synonyms

Autoimmune chronic gastritis; Autoimmune
metaplastic atrophic gastritis (AMAG); Autoim-
mune-associated gastritis; Type A gastritis

Definition

Autoimmune gastritis is an immune-mediated
gastritis, and in its development, anti-parietal
cell and anti-intrinsic factor antibodies are
involved. There is typical loss of oxyntic cells in
the gastric corpus and fundus. Autoimmune gas-
tritis is characterized by hypochlorhydria or
achlorhydria, hypergastrinemia, low pepsinogen
I/pepsinogen II ratio, and vitamin B12 deficiency
that can lead to pernicious anemia. The declining
incidence ofHelicobacter pylori gastritis parallels
a growing clinical focus on autoimmune gastritis.

Hypochlorhydria results from loss of oxyntic
mucosa and possibly from the disruption of nor-
mal parietal cell maturation. This can already
occur in patients with a large number of preserved
parietal cells, suggesting that there may be a role
for anti-proton pump antibodies or inhibitory lym-
phokines released by inflammatory cells in the

Appendicitis, Etiology, Macroscopy, and Histology
of, Fig. 2 Acute appendicitis, microscopic images. On
low-power image, mucosa ulceration with transmural
inflammation is seen with preserved surface epithelium in
the surrounding. On the serosal surface an extensive neu-
trophilic exudate is seen
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pathogenesis of this disease. Achlorhydria, which
is a direct result of destruction of acid-producing
parietal cells, typically occurs in the most
advanced stage of disease. Normally, the gastric
acidic pH has an inhibitory effect on gastrin pro-
duction through release of somatostatin produced
by D cells. Patients with atrophy of the corpus
have a higher pH in the stomach because of less
acid secretion. Loss of acid production leads to
hypergastrinemia, the level of which tends to cor-
relate with disease severity. Damage to chief cells
leads to a reduction in pepsin activity within gas-
tric juice and in the level of pepsinogens in
serum. The finding of a low pepsinogen I level
(<20 ng/mL) is both a sensitive and specific indi-
cator for the presence of corpus atrophy.

A considerable proportion of patients develop
either iron-deficiency anemia or pernicious
anemia. Pernicious anemia is the end stage of
atrophic corpus gastritis. Achlorhydria is a major
contributor to the pathogenesis of anemia. Gastric
acid is important for absorption of non-heme iron,
which supplies at least two-third of the nutritional
iron supply in most Western diets. Pernicious
anemia, which results from loss of intrinsic factor
production by parietal cells, is usually preceded
by corpus-restricted chronic autoimmune gastritis
and reduced acid secretion of at least 10 years
duration.

The etiology of autoimmune gastritis is
unknown. One theory suggests the disease may
be initiated by H. pylori infection. A high preva-
lence of antibodies with specificity for gastric
mucosal antigens has been reported among
patients with H. pylori-associated gastritis. Fur-
thermore, 20% ofH. pylori- positive subjects have
autoantibodies that react with canaliculi of parie-
tal cells, which represent one of the main antibody
targets in autoimmune gastritis. Recent studies
using cloned T cells from both H. pylori-infected
patients and patients with autoimmune atrophic
gastritis have identified molecular mimicry
between H. pylori and H+, K+, and ATPase,
suggesting that infection may stimulate T cells
that target parietal cells. These studies provide
support for the concept that there is a cross-
reactive mechanism between H. pylori organisms
and gastric epithelial antigens that may be

responsible for, or at least participate in, the path-
ogenesis of autoimmune gastritis.

Clinical Features

The clinical presentation is often insidious and
progression is slow. Patients present with abdom-
inal discomfort, weight loss, diarrhea, malabsorp-
tion, and sometimes neurologic complications in
advanced stage, but nowadays that is almost never
seen. Neurologic complications include periph-
eral neuropathy and subacute combined degener-
ation of spinal cord related to severe vitamin B12

deficiency. Unspecific symptoms related to ane-
mia include weakness, asthenia, decreased mental
concentration, headache, and cardiac symptoms
such as palpitations and chest pain. Autoimmune
gastritis does not cause specific clinical manifes-
tations until a critical decrease has occurred in the
parietal cell mass, beyond which anemia
develops. Years before the onset of anemia,
patients may show various degrees of hypo-
chlorhydria, hypergastrinemia, and loss of pepsin
and pepsinogen secretion.

Iron-deficiency anemia can be seen in 20–40%
of patients, whereas pernicious anemia is seen in
15–25% of patients. Reduced gastric acid plays
a role in iron deficiency, because gastric acid is
necessary to release iron from bound protein, as
well as reduce ferric iron to ferrous state necessary
for absorption. Pernicious anemia is a macrocytic
anemia due to cobalamin (vitamin B12) defi-
ciency. It is the result of deficiency of intrinsic
factor, a protein that binds to dietary vitamin B12

and promotes its transport to the terminal ileum
for absorption. The deficiency of intrinsic factor is
a direct consequence of the gastritis and destruc-
tion of oxyntic mucosa with loss of parietal cells,
which normally produce chlorhydric acid as well
as intrinsic factor. Pernicious anemia is character-
ized by macrocytosis, megaloblasts, pancytope-
nia, atrophic glossitis, low serum vitamin B12

concentration, and normal folate level. Pernicious
anemia is a late manifestation of autoimmune
gastritis, taking 20–30 years to develop and is
caused by progressive loss of parietal cell, which
are necessary for intrinsic factor production, as
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well as autoantibody targeted at intrinsic factor
preventing the formation of B12 intrinsic factor
complex.

Laboratory findings include a low vitamin B12

level, and high gastrin levels. Serum analysis fre-
quently demonstrates anti-parietal cell antibodies
targeted against H+/K+ ATPase in 60–85% and
intrinsic factor antibodies in 30–50% of patients.

• Incidence
Autoimmune gastritis may be underdiagnosed,
because most patients present with either
microcytic or macrocytic anemia and are
treated with iron, folate, and cobalamin with-
out having undergone a thorough investigation
for the underlying cause. However, targeted
studies suggest an overall prevalence rate of
1–2%, with a peak of 4–5% among elderly
women. Autoimmune gastritis is more com-
mon among individuals of Scandinavian,
English, and Irish ancestry, while it is less
commonly in Caucasians of Italian or Greek
origin. The disease has sporadically been
reported in African-American and
Latin-American subjects.

• Age
Autoimmune gastritis is a disease of adults
around or above 50–60 years of age.

• Sex
Male-to-female ratio is 1:1.7–3.

• Site
Autoimmune gastritis affects primarily the gas-
tric corpus and fundus.

• Treatment
The clinical management of patients with auto-
immune gastritis concerns different aspects.
First, the treatment of cobalamin deficiency
(by administration of vitamin B12) and the
monitoring of onset of iron deficiency. Second,
the surveillance to early detection of long-term
consequences of autoimmune gastritis such as
gastric carcinoma and carcinoids needs
attention.

• Outcome
The early recognition of, especially neurolog-
ical, symptoms is important, because neurolog-
ical lesions may not be reversed after
replacement therapy with vitamin B12.

Autoimmune gastritis is a benign disorder;
however, it is epidemiologically and
biologically linked to the development of
intestinal-type gastric adenocarcinoma and
gastric carcinoid type I. Hypochlorhydria,
developing as a consequence of atrophy
of the oxyntic mucosa, has a crucial role
in the development of gastric cancer. Hypo-
chlorhydria leads to an overgrowth of nitrosa-
mine-producing bacteria with potential
carcinogen activity. In literature, annual
incidence rates of gastric cancer in patients
with pernicious anemia range from 0.1% to
0.5%. Due to the atrophic changes, autoim-
mune gastritis is listed among the gastric
precancerous conditions.

Long-standing hypo/achlorhydria triggers
enterochromaffin-like (ECL) cell hyperplasia,
which may develop to gastric carcinoids. It has
been reported that one in 25 patients with per-
nicious anemia develops gastric carcinoids.
These carcinoid tumors are typically indolent.
Removal of the antrum results in disappear-
ance of these lesions.

Gastric polyps are detected in 20–40% of
patients with pernicious anemia; they are
mostly sessile, less than 2 cm in diameter, and
often multiple in number. Most are hyperplas-
tic, but up to 10% contain foci of dysplasia.

The disease may coexist with other autoim-
mune disorders, such as autoimmune thyroid
disease (Hashimoto’s thyroiditis, Graves’ dis-
ease), type I diabetes mellitus, vitiligo, and
myasthenia graves. HLA-DR genotypes sug-
gest a role of genetic susceptibility in perni-
cious anemia.

Macroscopy

Endoscopic and gross features include a thinner
corpus and fundic mucosa resulting from reduc-
tion or complete absence of rugal folds. The
mucosa is shiny and red with a prominent submu-
cosal vascular pattern becoming visible due to
mucosal atrophy. Multiple pseudopolyps can be
seen, representing preserved islands of oxyntic
mucosa surrounded by flattened corpus mucosa.
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Other associations that can be found in the sur-
rounding mucosa are hyperplastic polyps, carci-
noids, and adenocarcinoma.

Microscopy

The histology of autoimmune gastritis typically
features a corpus mucosa restricted chronic atro-
phic gastritis with mild to moderate intestinal
metaplasia. Findings vary depending on the
stage of the disease. In the absence of synchro-
nous H. pylori infection or bile reflux, the antrum
is typically relatively spared. However, concomi-
tant antral atrophic gastritis may be observed.
Autoimmune gastritis is often easily recognized
when changes are fully developed and adequately
sampled, but earlier manifestations are more chal-
lenging to recognize (Fig. 1).

In the early (non-atrophic) stage, the oxyntic
mucosa shows a diffuse or multifocal dense, full-
thickness lymphocytic infiltrate. The prominent
lymphoplasmacytic infiltration of the lamina pro-
pria is often mixed with eosinophils and mast cells
and directed at the oxyntic glands. The chronic
inflammation is often more prominent in the
deeper mucosa, contrasting with H. pylori gastri-
tis, which presents with prominent and active
inflammation superficially. Focal lymphocytic

infiltration and destruction of individual oxyntic
glands may be seen. There may be patchy atrophy
of oxyntic mucosa with pseudopyloric and/or
intestinal metaplasia. The remaining parietal
cells show pseudo-hypertrophic changes and
luminal snouting similar to that seen in patients
on proton-pump inhibitors. Hypertrophic changes
are indicative of a high level of functional stimu-
lation, possibly related to hypergastrinemia, and
can be found in parietal cells of patients with
autoimmune atrophic gastritis.

In a later (florid atrophic) stage, there is, next to
diffuse lymphoplasmacytic infiltrate, atrophy of
oxyntic glands and fibrosis of the lamina propria.
These atrophic changes include the loss of glan-
dular units, resulting in fibrosis of the lamina
propria and the metaplastic replacement of native
oxyntic glands. Metaplastic glands including two
different phenotypes, which can coexist simulta-
neously, replace the chief and parietal cells.
Pseudopyloric metaplasia (i.e., spasmolytic poly-
peptide-expressing metaplasia or SPEM) is first
seen, consisting of glands that resemble mucous
glands in the antrum, but the glands do not pro-
duce gastrin since they lack gastrin cells. This is
followed by or coexists with intestinal metaplasia
of the glands characterized by goblet and Paneth
cells.

The end stage of disease is marked by further
reduction in oxyntic glands, foveolar hyperplasia
with elongation and microcystic change, hyper-
plastic polyp formation, and increasing degrees of
pseudopyloric, pancreatic, and intestinal metapla-
sia. The muscularis mucosae may be thickened.
Parietal cells are difficult to detect and the degree
of inflammation is usually minimal or absent,
although scattered lymphoid aggregates may
persist.

Extensive gastric metaplastic atrophy is a risk
factor for adenocarcinoma; that is why autoim-
mune gastritis is listed among the gastric precan-
cerous conditions. H. pylori infection may coexist
with autoimmune gastritis, and this condition is an
additional factor for atrophic transformation and,
as a consequence, for gastric carcinoma. During
the florid and end stages, hypo- and achlorhydria
cause physiologic increased production of gastrin
from the antral G cells which stimulates ECL cells

Autoimmune Gastritis, Fig. 1 Gastric corpus biopsy
from a patient with autoimmune gastritis. There is loss of
oxyntic cells and presence of antralized mucosa with focal
intestinal metaplasia. There is a prominent
lymphoplasmacytic infiltration of the lamina propria
(H&E, original magnification 25�)
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in the corpus, leading to ECL cell hyperplasia.
A second mechanism that also contributes to
ECL cell hyperplasia is the destruction and atro-
phy of oxyntic glands, which results in condensa-
tion and coalescence of the spared ECL cells.
Morphologic patterns of gastrin-driven ECL cell
hyperplasia include simple hyperplasia
representing an increased (at least double) number
of ECL cells in the corpus; linear hyperplasia,
which represents a chain-forming proliferation of
ECL cells within the glands; and (micro-)nodular
hyperplasia marked by an organized collection of
ECL cells that form nodules.

ECL proliferations may lead to carcinoid
tumors; an intramucosal carcinoid tumor is
defined as an expansive or infiltrative endocrine
growth that measures>0.5 mm in diameter. Inva-
sive carcinoids are those in which the tumor
invades the submucosa. Although ECL cell carci-
noids may arise during the florid phase, they are
found most commonly in patients with end-stage
disease. Carcinoid tumors associated with ECL
cell hyperplasia occur in 5–8% of patients with
autoimmune gastritis and account for 65% of all
gastric carcinoid tumors. These tumors are
relatively harmless with a >95% 5-year survival
rate, which is in sharp contrast to the less common
solitary, sporadic type of carcinoid tumors that are
biologically more aggressive (<35% 5-year
survival).

In the majority of patients, antral mucosa
remains either completely normal or shows only
focal mild chronic inflammation, either with or
without intestinal metaplasia, similar to that
observed in the age-matched general population.
Hyperplasia of gastrin cells secondary to achlor-
hydria is often present in the antrum. Of course,
concurrent H. pylori infection may involve the
antrum and cause neutrophilic inflammation in
addition to chronic antritis.

Immunophenotype

In autoimmune gastritis, the corpus mucosa loses
oxyntic glands and looks like antrum (“antralized
corpus”). Immunostaining for gastrin is useful in
discriminating corpus, which lacks G cells, from

antrum, which contains G cells (Fig. 2). A nega-
tive immunostain for gastrin indicates that the
biopsy specimen is truly from the corpus and not
from the antrum or antral-oxyntic transitional
zone. This is especially useful to check the biopsy
location since multiple gastric biopsies are often
provided in a single box, without specifying the
exact location. G-cell hyperplasia in the antrum
can be observed in autoimmune gastritis. Seldom
gastrin-positive cells may be seen in foci with
intestinal metaplasia.

Gastrin stimulates the enterochromaffin-like
(ECL) cells of the oxyntic compartment. This
may result in linear and micronodular ECL cell
hyperplasia, which can be stained with
chromogranin A immunostaining (Fig. 3). A pro-
gression of the stimulation into gastric carcinoid is
also highlighted with chromogranin A.

Molecular Features

Not applicable.

Differential Diagnosis

H. pylori-associated gastritis: H. pylori gastritis
often shows a superficial band-like infiltrate
with neutrophilic granulocytes, whereas autoim-
mune gastritis shows diffuse or patchy

Autoimmune Gastritis, Fig. 2 A gastrin stain shows
absence of G cells in the corpus mucosa (gastrin, original
magnification 25�)
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lymphoplasmacytic infiltration of lamina propria
often with deep predominance. H. pylori gastritis
predominantly affects the antrum and corpus,
while autoimmune gastritis is restricted to the
corpus.

MALT lymphoma: Lymphoma of the mucosal-
associated lymphoid tissue (MALT) can occasion-
ally be in the differential diagnosis and is differ-
entiated by the dense, destructive nature of the

neoplastic B-cell infiltrates in MALT lymphoma.
Immunohistochemistry can be helpful in difficult
cases.

Autoimmune polyglandular syndrome type 1:
It presents in childhood and can resemble autoim-
mune gastritis. Antibodies against gastrointestinal
endocrine cells cause this rare disorder. The
destruction of gastrin cells results in low serum
gastrin and leads to loss of parietal cells.
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Bacterial Enterocolitis

Anne Jouret-Mourin
Department of Pathology, Cliniques
Universitaires St. Luc, UCL, Brussels, Belgium

Synonyms

Dysentery

Definition

Bacterial colitis is an inflammatory-type diarrhea
which can be caused by a variety of enteric path-
ogenic bacteria and affects both the small and
large intestine or exclusively the large intestine
(Table 1).

The diarrhea is the result of two major mecha-
nisms: the production of toxins and the ability of
the pathogens to survive in the intestine. Some
toxins are either ingested in a preformed state
(food intoxication by bacteria) or produced within
the lumen of the intestine like enterotoxin pro-
duced by noninvasive E. coli. Some strains induce
mainly intestinal secretion without tissue damage
while others cause histological damage. Infec-
tions with Vibrio cholerae, Klebsiella, or nonin-
vasive E. coli are examples of a severe pure
secretory diarrhea. These organisms do not
invade the mucosa. They induce minimal mucin

depletion in the goblet cells and mucosal edema
without acute inflammation. Other bacteria such
as Campylobacter, Shigella, Salmonella, and
Yersinia cause mucosal damage which results in
bloody inflammatory diarrhea with fever.

Clinical Features

• Incidence
Escherichia coli, Salmonella, Campylobacter,
Yersinia, and Shigella represent the most com-
mon food- and waterborne pathogens world-
wide. Their incidence differs depending on
whether developing or industrialized countries
are considered (a figure like . . .%). Common
modes of transmission include the fecal-oral
pathway, animal host transmission, ingestion
of contaminated food or water, and close
human-to-human contact. The features specific
for a variety of other pathogenic bacteria are
discussed separately.

• Age
Children, elderly persons, and immunocom-
promised individuals are especially susceptible
to these infections.

• Clinical Symptoms
Bacterial infections can be classified according
to their clinical presentation. Some bacteria can
induce either acute watery diarrhea or bloody
diarrhea. Production of bloody stools means
a mucosal break caused by enteroinvasive
bacteria.

# Springer International Publishing AG 2017
F. Carneiro et al. (eds.), Pathology of the Gastrointestinal Tract, Encyclopedia of Pathology,
DOI 10.1007/978-3-319-40560-5



• Microscopic Findings
The morphological changes of bacterial infec-
tions are nonspecific or show a pattern of acute
self-limited colitis (see description entry
“▶ Infectious Colitis”). Some organisms pro-
duce characteristic histological features like
a pseudomembranous or granulomatous
pattern.

Bacterial infections can also mimic chronic
idiopathic inflammatory bowel disease (IBD)
or ischemic colitis. These typical patterns and
the differential diagnosis are detailed in the
chapter dedicated to each bacterium.

• Prognosis
Most bacterial infections resolve with antibi-
otics or supportive care, but in elderly, immu-
nocompromised, or very young patients, the
illness may be more severe causing septicemia
and death.

Escherichia coli
Escherichia coli is one of the most common
gram-negative human pathogens. It is found in
the normal intestinal flora in human and animals

but can act as pathogen. Five major subgroups
based on serotyping cause enteric infections.
Enterotoxigenic E. coli (ETEC), enteropatho-
genic E. coli (EPEC), and enteroadherent E.
coli (EAEC) are noninvasive pathogens. ETEC
is more frequently reported in travelers from
tropical or subtropical areas as well as in children
living in developing countries. EPEC is more
common in young infants and neonates, and
EAEC is more frequent in AIDS patients and
pediatric patient.

The noninvasive E. coli (EPEC, EAEC,
ETEC) cause profuse watery diarrhea, sometimes
mucoid for EPEC, associated with fever, cramps,
malaise, and vomiting. Diarrhea may be chronic
in AIDS patients.

Enteroinvasive E. coli (EIEC) and enterohe-
morrhagic E. coli (EHEC) cause frequent watery
or mucoid diarrhea which may be bloody when
EHEC is responsible.

EIEC cause an illness similar to Shigella with
direct invasion of the distal ileum and colonic
mucosa. It occurs primarily in the tropics and is
a cause of traveler’s diarrhea.

Bacterial Enterocolitis, Table 1 Histologic patterns of bacterial colitis

Mild or no
histological changes

Acute self-
limiting colitis

IBD-like Ischemic
pattern

Pseudomembranous
patternCD UC

Clostridium
difficile

+ (early
stage)

+ (later
stage)

++

Salmonella
typhimurium

+ ++ +

Non-typhoid ++ +

(O1)V. cholerae ++ +

Shigella ++ + + +

Campylobacter ++ + +

Aeromonas
(sp.)

++ + + +

Yersinia ++ (YP)

E. coli

EPEC ++

EAEC ++

EHEC + + ++ +

++: most often
+: rarely
EPEC enteropathogenic E. coli
EAEC enteroadherent E. coli
EHEC enterohemorrhagic E. coli
YP Yersinia pseudotuberculosis
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EHEC (major strain O157:H7) is a virulent
organism. It produces a cytotoxin without tissue
invasion. This subtype is the focus of the follow-
ing data.

• Incidence
Contaminated meat (contaminated hamburger,
unpasteurized milk, water or contact with
swimming pool water, or sometimes person-
to-person contact) is the most frequent mode of
transmission requiring 10–100 organisms to
produce illness. The bacteria are noninvasive
and cause injury by attachment to epithelial
cells and the production of toxins. These toxins
are associated with the development of the
hemolytic-uremic syndrome in children or the
elderly at particular risk for severe illness and
may cause encephalopathy.

• Clinical Symptoms
Symptoms occur 3–4 days after infection and
include severe abdominal pain, mild or no
fever, and watery diarrhea followed in 1 or
2 days by bloody diarrhea and abdominal ten-
derness. Resolution of the diarrhea occurs after
4–10 days.

• Age
Usually children or young patients.

• Site
Lesions occur in the terminal ileum and right
colon.

Macroscopic Data
Endoscopically, the right colon is most often
involved. The mucosa is edematous with some
erosions, ulcers, or hemorrhage. Transmural
edema may be so important that it causes
obstruction.

Microscopic Features
EHEC infection may show five major patterns:

(a) Marked edema and hemorrhage in the mucosa
or submucosa with microthrombi even in
areas away from ulcers and crypt withering
causing an ischemic pattern of injury (Fig. 1)

(b) Pseudomembranous colitis-like
(c) Acute self-limited colitis characterized by

cryptitis, less commonly crypt abscesses

with or without neutrophil leukocytic infiltrate
in the lamina propria

(d) Focal active colitis
(e) Normal aspect or mild focal increase in mono-

nuclear cells

Differential Diagnosis
The differential diagnosis includes Clostridium
difficile-related colitis and ischemic colitis from
which EHEC may be microscopically indistin-
guishable. Knowledge of clinical history, type of
onset, age, history of antibiotic use, and endo-
scopic findings may help to distinguish these
two entities. Ischemia rarely involves the right
colon.

Useful Tests
The Clostridium difficile antigen test may be very
helpful for the differential diagnosis.

Routine stool culture is useless because it cannot
distinguish 0157:H7 from normal intestinal flora.
Specific culture as early as possible and serotyping
are the mainstay for diagnosing the pathogen.

Specific immune histochemical staining is
available.

Yersinia
Yersinia pseudotuberculosis (YP) and Yersinia
enterocolitica (YE), both gram-negative bacilli,
are the species that cause human enteritis and
mesenteric lymphadenitis.

Bacterial Enterocolitis, Fig. 1 Enterohemorrhagic
E. coli infection showing mucosal hemorrhage, reactive
epithelial changes, and lamina propria fibrosis
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• Incidence
They are frequently diagnosed in Europe and
the USA and are one of the most common
causes of bacterial enteritis with a worldwide
distribution. The genus Yersinia is responsible
for 60–80% of cases of terminal ileitis and
mesenteric lymphadenitis. The incidence is ris-
ing in Europe and the USA.

• Epidemiology
The main source is food contamination
(chicken, fish, and pork meat), water, and
milk. Transmission from domestic animals is
less common. Epidemiologic studies have
revealed clustering of infections during fall
and winter.

• Pathogenesis
The pathogenic mechanism is invasion of the
intestinal mucosa. After ingestion, Yersinia sp.
penetrates through M cells and multiplies in
underlying tissues.

• Site
The primary infected site is the terminal ileum,
the cecum, the ascending colon, and the
appendix.

• Age
Infants, children, and young adults are most
commonly infected.

• Clinical Symptoms
Yersinia may mimic acute appendicitis. Symp-
toms of ileitis or colitis may also be observed.
Abdominal pain, diarrhea, nausea, and
vomiting are commonly present. Although
yersiniosis is usually a self-limited disease,
chronic infection may be observed.

• Prognosis
Most infections are self-limited. Immunocom-
promised or debilitated patients are at risk of
more severe disease with sepsis and intestinal
perforation. Chronic colitis is possible but
uncommon. Symptoms may be present for
months misleadingly suggesting IBD.

Macroscopic Features
Yersinia enterocolitica involves the ileum, right
colon, and appendix and may be segmental and
patchy.

It can infect any part of the bowel. Endoscop-
ically mucosal ulceration or scattered punctate

aphthous ulcers with mucosal hyperemia may be
present.

Involved segment looks edematous and
congested causing a thickened wall with
nodularities around Peyer’s patches. Sometimes
mesenteric lymph nodes are enlarged and show
central foci of necrosis.

Microscopic Findings
Microscopy shows mucosal ulceration surrounded
by edematous and actively inflamedmucosa. Com-
mon features include lymphoid hyperplasia with
active germinal centers both in the intestinal wall
and the mesenteric lymph node, formation of epi-
thelioid granulomas with central coagulative
necrosis and microabscess formation (especially
in YP infection), and transmural lymphoid
aggregates.

YE is more characterized by mucosal ulcera-
tion with hyperplastic Peyer’s patches associated
with acute inflammation and diffuse increase of
histiocytes.

An overlap between YE and YP has been
described.

Differential Diagnosis
The major differential diagnosis includes other
types of infectious colitis particularly by
mycobacteria and Salmonella. Acid-fast staining
and culture may help to distinguish mycobacteria
infections. Microabscesses and granulomas may
help to distinguish yersiniosis from salmonellosis.

Crohn’s disease and yersiniosis may be diffi-
cult to distinguish from one another on histologic
grounds alone. The transmural inflammation, epi-
thelioid granulomas, fissuring lesions, and skip
lesions may closely mimic Crohn’s disease. Fat
wrapping and prominent neural hyperplasia are in
favor of Crohn’s disease.

Useful Tests
Cultures, serologic studies, and PCR assays may
be of help to confirm the diagnosis.

Shigella
Shigella species are virulent, gram-negative, non-
motile bacilli causing dysentery. Shigella
dysenteriae is the most common and most
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virulent, but Shigella sonnei, Shigella flexneri,
and Shigella boydii are also reported.

• Incidence
Shigella infection is a major cause of infectious
colitis worldwide and more frequent and
endemic in subtropical and tropical climates.
The infective dose is as low as 10–100 species
in Shigella dysenteriae.

• Pathogenesis
The basic pathogenetic mechanism is the abil-
ity of the bacterium to penetrate the intestinal
mucosa. The bacilli invade enterocytes by
a bacterium directed macropinocytotic pro-
cess, multiply within the epithelium and then
enter the lamina propria. They may produce
apoptosis.

• Age
Infants, debilitated patients, and homosexuals
are most commonly affected in developed
countries.

• Site
Lesions are usually concentrated in the left
colon; the ileum may also be involved.

• Clinical Symptoms
Symptoms are usually watery diarrhea,
abdominal pain, fever followed by rectal tenes-
mus, and bloody diarrhea. Chronic disease is
rare. The onset of the symptoms is usually
within 12–50 h after contamination.

Macroscopic Findings
The colonic mucosa is edematous and hemor-
rhagic with pseudomembranes as well as
ulceration.

Mucosal defects start with a superficial
necrosis of the colonic mucosa, beginning as
a focal process on the surface and in severe cases
becoming confluent. Distribution is often
continuous.

Microscopic Features
Early shigellosis is characterized by cryptitis and
ulceration. Pseudomembranes as well as aphthoid
ulcers may be observed. The lesion appears as
a small defect in the epithelium subjacent to
which is a mucosal damage in which only the
deeper parts of the crypts persist.

Later, the mucosal defect increases; architec-
tural distortion and an important mixed inflamma-
tory infiltrate will appear.

Differential Diagnosis
In the early stage, Shigella may mimic pseudo-
membranous colitis caused by C. difficile and
E. coli. Later, the differential diagnosis is needed
with ulcerative colitis or Crohn’s disease. Marked
architectural distortion is commonly leading to
a misdiagnosis of IBD.

Useful Test
Stool culture may be of help for diagnosis. PCR
and serological studies are also available.

• Treatment
Most often supportive care but selected antibi-
otics may be useful.

Clostridium
Clostridia are potent toxigenic bacteria responsi-
ble for severe gastrointestinal diseases including
pseudomembranous colitis (Clostridium difficile),
necrotizing enterocolitis (NEC) (Clostridium
perfringens), neutropenic enterocolitis (Clostridium
septicum), and botulism (C. botulinum).

The colon is affected essentially by C. difficile
and C. septicum.

• Site
Anywhere in the colon and the disease may be
patchy or segmental. In pseudomembranous
colitis, the distal left colon is most commonly
involved. In 10% of cases, only the proximal
colon is involved.

For NEC, the right colon (cecum) is prefer-
entially involved.

• Age
Infants as well as adults may suffer from C.
difficile infections, but the majority of patients
are elderly.

• Incidence
C. difficile is the most common nosocomial
pathogen producing two toxins: toxin
A which leads to fluid secretion and mucosal
permeability and toxin B with an enterotoxic
activity. Clostridium difficile infections
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account for 10–25% of all cases of antibiotic-
associated diarrhea (postoral antibiotic treat-
ment) and virtually all cases of antibiotic-
associated pseudomembranous colitis. Other
risk factors are comorbid conditions as well
as underlying illness, intensive care unit
stay, and prolonged hospitalization. The inci-
dence is also increased in patients with
IBD, although in these patients the presenta-
tion is usually atypical. C. septicum is usually
observed in the context of previous chemo-
therapy corresponding to a complication of
neutropenia.

Clinical Features
Watery diarrhea is the first symptom of pseudo-
membranous colitis accompanied by abdominal
pain, cramping, and fever. Bloody diarrhea may
be seen. Symptoms can occur up to several weeks
after antibiotic therapy. Toxic megacolon and per-
foration are possible complications.

Necrotizing enterocolitis (NEC) is more fre-
quently associated with C. septicum especially in
adults. GI hemorrhage, diarrhea, fever, abdominal
pain, and distension are the most common
symptoms.

Macroscopic Features
In pseudomembranous colitis, round, yellow-
white adherent false membranes either isolated
or confluent are observed, most often in the left
colon sparing sometimes the rectum. Between the
false membranes, the mucosa appears normal or
erythematous. Small lesions like aphthoid ulcers
are also seen.

The right colon is the most common localiza-
tion of NEC with diffuse dilatation, marked
edema, hemorrhage, and ulceration. Pseudo-
membranes can also be seen in NEC.

Microscopic Features
Three grades of histological lesions are described
for pseudomembranous colitis.

Type I is the earliest lesion and consists of
a superficial inflammatory reaction with
neutrophilic subepithelial exudates, focal
areas of epithelial necrosis, and widening of

the crypt opening. The early lesions reflect
local epithelial damage occurring on the lumi-
nal surface.

Type II lesion consists of a well-demarcated group
of disrupted and distended crypts containing
mucous with neutrophils at their bases. The
overlying epithelial cells become flattened
and necrotic and are progressively lost. Occa-
sional thrombi are found in superficial mucosal
capillaries. Mucous, fibrin, and cellular debris
are projected into the intestinal lumen forming
a pseudomembrane like a mushroom or volca-
nic eruptions overlying the necrotic mucosa
(Figs. 2 and 3).

Type III lesion is rare and occurs late in the evo-
lution. This lesion consists of complete necro-
sis with a few surviving glands covered by
a membrane of fibrin, mucous, and cellular
inflammatory debris.

Bacterial Enterocolitis, Fig. 2 C. difficile infection.
Mushroom- or volcano-like pseudomembrane overlying
the mucosa is the classical feature of pseudomembranous
colitis
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Less characteristic lesions such as focal active
colitis with some crypt abscesses have also been
described.

In the resolving phase, residual glandular irreg-
ularity or regenerative changes with pseudo-
polypoid features may be seen.

In NEC, mild hemorrhage to prominent sub-
mucosal edema with mucosal ulceration and focal
hemorrhagic necrosis can be seen. Lack of neu-
trophils is common. Perforation is a frequent
complication.

• Prognosis
Recurrent disease is common and seen in up to
5% of cases.

Differential Diagnosis
In the earliest stage, the differential diagnosis
involves other infections. Pseudomembranes can
be seen with other infectious entities such as
E. coli, Shigella, and Salmonella. More rarely, in
the earliest stage, Clostridium difficile can
mimic Crohn’s disease with identical mucosal
changes and inflammation extending into the
submucosa.

In the latest stage (type III), ischemic colitis is
the most important differential diagnosis because
this may also produce pseudomembranes. Areas
of focal fibrosis and hyalinization of the lamina
propria are more likely associated with ischemia.

The differential diagnosis for NEC includes
ischemic colitis.

Useful Test
The bacterial diagnosis is based on the isola-
tion or detection of components of the organ-
ism. Stool anaerobic cultures and assays for
C. difficile toxin are positive in 95% of con-
taminated patients. The cytotoxin assay is the
gold standard for the diagnosis (sensitivity,
94–100%; specificity, 99%) for the C. difficile.
Clostridium difficile toxin can be also identi-
fied by PCR.

Stool culture is the most helpful technique for
diagnosing C. septicum.
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Bacterial Overgrowth Syndrome
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Synonyms

Blind loop syndrome; Small bowel bacterial over-
growth (SIBO) syndrome; Stasis syndrome

Definition

SIBO occurs when small bowel motility is altered
under conditions causing luminal stasis and colo-
nization of the normal microfloral bacteria in the
lumen resulting in mucosal damage and malab-
sorption. Regardless of the underlying cause,
SIBO is a very heterogeneous syndrome charac-
terized by the presence of an increased number
and/or abnormal type of bacteria normally con-
fined to the colon, within the small intestine. Nor-
mally, small intestinal lumen is colonized by
facultative anaerobe or obligate bacteria, particu-
larly bacteroides species, which are predomi-
nantly found in the distal ileum, while proximal
small intestinal mucosa is usually colonized by
bacteria ingested with food. Bacteria in SIBO
might significantly interfere with enzymatic,
absorptive, and metabolic actions of the small
intestinal mucosa. Any condition causing disrup-
tion of intestinal luminal flow including motor and
neural disorders such as scleroderma, diabetes,
pseudo-obstruction and amyloidosis, structural
defects such as diverticulosis and strictures, and
surgery leading to isolated bowel segments like
Billroth II anastomosis may all lead to SIBO and
resultant malabsorption. In addition irritable
bowel syndrome, immunodeficiencies, and long-
term treatment with proton pump inhibitors may
also cause predisposition to SIBO. The diagnosis
relies on the presence of increased intestinal vol-
ume and bacterial concentrations, hydrogen

breath tests, and response to antibiotics. Small
bowel aspirate and quantitative cultures with
more than 105 bacteria CFU/mL of proximal jeju-
nal aspiration are the diagnostic procedures.

Clinical Features

• Incidence
The overall prevalence of SIBO in the general
public is unknown. SIBO is generally left
undiagnosed. According to different studies,
the incidence of SIBO was found between
2.5% and 22%. However, the prevalence varies
depending on the population studied and the
diagnostic methods used.

• Age
Bacterial overgrowth syndrome is more
prevalent in elderly population because of
diminished gastric acid secretion and
consumption of medications that can cause
hypomotility.

• Sex
No known predilection for either sex is present.

• Site
The entire small intestine may be involved.

• Treatment
Bacterial overgrowth is treated with antibiotics
and nutritional support which help to restore
the normal microflora. However, underlying
causes should also be treated when possible.

• Outcome
The outcome is usually good if diagnosed early
and antibiotic therapy is started before severe
malabsorption is developed. The prognosis
largely depends on the underlying disease lead-
ing to bacterial overgrowth. Ultimately, SIBO
might result in intestinal failure as it has a high
relapse rate.

Macroscopy

Macroscopic changes may be visible in some
patients in the form of small intestinal mucosal
breaks (erosions or ulcers) on capsule endoscopy.
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Microscopy

The mucosal biopsy may be normal but histopath-
ologic picture may vary between mild to moderate
villous shortening and blunting with increased
chronic inflammatory cells in the lamina propria
(Fig. 1). There may be intraepithelial lymphocy-
tosis and neutrophilic infiltration of the surface
epithelium. Enterocyte vacuolization due to lipid
accumulation may also be seen (Fig. 2). However,
these features are usually patchy in nature and
multiple biopsies are necessary for diagnosis in
the right clinical setting. Histology does not cor-
relate with clinical severity.

Immunophenotype

No immunophenotypic feature has been reported.

Molecular Features

No molecular feature has been reported.

Differential Diagnosis

Differential diagnosis of SIBO is difficult if it is
not considered. It is necessary to distinguish

functional disorders (e.g., flatulence, abdominal
bloating and distension, and malabsorption of
mono- or disaccharides) and chronic gastrointes-
tinal infections (e.g., giardiasis). Moreover, the
differential diagnosis must focus on the
underlying cause including irritable bowel
syndrome, Crohn’s disease, chronic pancreatitis,
scleroderma, or coeliac disease nonresponding to
adequate gluten-free diet. Under these clinical
settings, unexplained deterioration of the
clinical status of the patient is an indication to
search for SIBO.
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Barium Sulfate, Esophageal
Inclusions
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Synonyms

Barium granuloma

Definition

Barium sulfate is an inorganic compound
(BaSO4) used since the early 1900s in colloidal
suspension as a contrast medium in the gastroin-
testinal tract. Extravasation of barium into the
wall of the esophagus through an injury in the
mucosa (whatever the cause) provokes a reaction
against it, as a granulation tissue or more com-
monly as a granulomatous reaction.

Clinical Features

It is a very rare complication and usually an inci-
dental finding in biopsies or resection specimens
for other reasons, but can present as a polypoid or
ulcerative lesion.

Macroscopy

Barium granulomas, when large enough,
produce brownish-green masses associated with
fibrosis.

Microscopy

Barium sulfate can be seen in histological sections
in two ways, depending on the method the com-
mercial suspensions are prepared:

– Fine gray/greenish non-refringent granules
(PAS negative)

– Larger birefringent rhomboid crystals

Barium is located in the cytoplasm of
macrophages and extracellular tissues
(sometimes associated with foreign giant cells
granulomas) and can be stained by the
rhodizonate method or demonstrated by paraffin
block radiographic study. We can identify barium
in the mucosa and submucosa.
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Synonyms

Barrett’s metaplasia; Esophageal columnar
metaplasia
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Definition

Barrett’s esophagus (BE) results from the
metaplastic replacement of the normal squamous
esophageal lining by a columnar epithelium.
Currently, there are two distinct definitions of BE
stating two different proposals of patient’s manage-
ment. The American Gastroenterological Associa-
tion (AGA) defines BE as “the condition in which
any extent of metaplastic columnar epithelium that
predisposes to cancer development replaces the
stratified squamous epithelium that normally lines
the distal esophagus.” Currently, the AGA under-
standing is that “intestinal metaplasia is required
for the diagnosis of Barrett’s esophagus because
intestinal metaplasia is the only type of esophageal
columnar epithelium that clearly predisposes to
malignancy” (The AGA Institute Medical Position
Panel 2011). The British Society of Gastroenterol-
ogy (BSG), on the other hand, defines BE as
“an endoscopically apparent area above the
esophagogastric junction that is suggestive of
Barrett esophagus (salmon-colored mucosa)
which is supported by the finding of columnar-
lined esophagus on histology” (Playford 2006).

These two different statements are based on the
recognition of BE as the premalignant condition
that predispose to esophageal adenocarcinoma.
Both the BSG and the AGA recognize BE as the
gastroesophageal reflux (GER)-induced replace-
ment of the normal squamous esophageal lining
by a columnar metaplastic epithelium that is endo-
scopically recognized and that exhibits gastric and
intestinal features. Nevertheless, as intestinal
metaplasia (IM) is the sole feature unequivocally
associated to malignancy, the AGA requires its
presence for the diagnosis of BE.

Since its first reference on the medical
literature by Tileston in 1906 as a peptic ulcer of
the esophagus, and the first description of
a columnar lining in the distal esophagus by
Lyall in 1937, the BE entity, described in the
early 1950s simultaneously in France by
Lortat-Jacob and in England by Norman Barrett,
has suffered a lot of misunderstandings and
had multiple definitions. These definitions,
established by researchers to characterize study
populations and used by clinicians to manage

patients, express the absence of consensus in the
different biopathogenic aspects of BE.

In the 1980s BEwas restricted to the columnar-
lined segments longer than 3 cm. This definition is
mostly due to Hayward who stated in the early
1960s that the distal 2 cm of the normal esophagus
was lined by the columnar epithelium, thus sus-
taining that the use of the 3 cm rule would avoid
over diagnosis. The recognition by Haggitt in the
early 1990s of IM as the sole columnar esophageal
metaplastic epithelium clearly associated with
cancer supported the recognition of goblet cells
as the hallmark for BE diagnosis.

Today, it is recognized that BE is a multistep
process in which IM is a late event (Dias Pereira
and Chaves 2012), but the sole type of columnar
esophageal epithelium undoubtedly associated to
malignancy is IM (The AGA Institute Medical
Position Panel 2011).

Clinical Features

• Incidence
There is no data on the incidence of BE. The
prevalence of BE in symptomatic reflux
disease patients has been described to be up to
12%. Its prevalence in the general population
still remains a matter of discussion. The two
largest and well-designed studies, from
Sweden and the United States, have produced
widely ranging results, 1.6% and 6.8%, respec-
tively. Despite the extensive discussion on the
reasons for this difference, it is not clear if we
are facing a true difference or a methodological
bias.

• Age
Our knowledge about the natural history of BE
is limited. As a rule, BE is generally diagnosed
in the first endoscopy; the diagnosis is uncom-
mon in pediatric age. Most of the cases of
columnar-lined esophagus diagnosed at this
age do not fulfill the criteria of intestinal meta-
plasia required by some authors for the diag-
nosis of BE. Generally, this condition is
diagnosed after the fifth decade of life. BE is
an uncommon diagnosis under the age of 40.
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Although this data may be biased by the higher
utilization of endoscopy in the elderly, there is
evidence that the likelihood of finding BE
increases with age.

• Sex
BE affects mainly men. Among individuals
with GER symptoms, BE risk is higher in
males than in females. Cohort studies of
Barrett’s patients also show predominance of
men, with a pooled relationship of 2:1. The
reasons for this male preponderance in BE are
not yet fully understood. Besides this gender
difference in BE prevalence, there is also evi-
dence that it is far more common in non-
Hispanics white subjects than in blacks.

• Site
BE is located at the distal portion of the esoph-
agus, as circumferential, tongue, or isle-like
metaplastic segments.

• Treatment
Treatment of reflux disease in patients with BE
does not differ from treatment of reflux in sub-
jects without Barrett’s. Medical proton pump
inhibitors (PPIs)-based treatment has been
associated with a slight, although not signifi-
cant, decrease in Barrett’s length. The impact
of reflux control in the cancer risk associated to
BE has not yet been established. Though it
has been claimed that surgical anti-reflux pro-
cedures have benefits over medical treatment
in the reduction of cancer incidence, there is
no definite data on this question.
From available published data, there is some
evidence that proton pump inhibitors,
nonsteroidal anti-inflammatory drugs, and
statins are associated with a low risk of cancer
in BE. There are some prospective trials
ongoing in this field. Recently, a prospective
study on a cohort of BE patients showed that
the use of PPIs was associated with a reduced
risk of neoplastic progression.

Until recently, surgery (esophagectomy) was
the option for patients that progressed to cancer.
Moreover, due to the relatively high proportion of
patients whose surgical specimen showed inva-
sive cancer despite a preoperative diagnosis of
high-grade dysplasia, many centers considered

this diagnosis, after confirmation by two indepen-
dent pathologists, as an indication for surgery.

In the last two decades, several endoscopic
ablative techniques (laser, argon plasma, pho-
todynamic therapy, radiofrequency ablation,
mucosectomy, submucosal dissection) that
proved to be efficient in the elimination of
neoplastic lesions and in the eradication of
BE have been developed. Importantly, it has
also been shown that when reepithelialization
of the esophagus occurs in a nonacidic envi-
ronment, squamous rather than columnar lin-
ing is observed. Today, it is consensual that the
endoscopic management of dysplastic BE
should include resection of visible lesions
(either by mucosectomy or by submucosal
resection) and ablation of residual metaplastic
mucosa, being radiofrequency the preferred
method. Indeed, radiofrequency has been
shown to be highly effective and safe in the
eradication of BE with high-grade dysplasia
not associated to visible lesions. Outcomes of
endoscopic and surgical management of BE
with high-grade dysplasia and/or cancer
are not substantially different. Whereas
endoscopic approach is associated with
a higher rate of local recurrence of the
neoplasia, surgery is associated with a higher
post-procedural mortality and morbidity.
Nevertheless, the quality of life seems to be
superior after endoscopic ablation than after
esophagectomy.

• Outcome
BE is associated to esophageal adenocarci-
noma (EA), the malignancy with the highest
increasing incidence in the past four decades in
the western world. The risk of cancer in BE is
not completely established yet. Given the asso-
ciation between BE and EA, the risk of cancer
in BE was initially thought to be very high, and
until the new millennium, the pooled risk of
cancer in BE was established as 1% per year.
However, it was later shown that this 1% risk
was an overestimation due to bias publication
and a 0.5% risk per year was judged as
a reasonable estimation. Recent population-
based studies showed an incidence of cancer
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as low as 0.12% per year and four recent meta-
analyses reported annual incidences of adeno-
carcinoma in Barrett’s from 0.33% to 0.63%.
The magnitude of cancer risk in BE is an
important issue since there is evidence from
cost-effectiveness studies of surveillance that
if cancer risk is too low, surveillance may be
not justified.

Macroscopy

BE is macroscopically recognized at endoscopy
as a red gastric-type or salmon-colored mucosa of
any length in the distal esophagus, just above the
gastroesophageal junction (GEJ) (Fig. 1). For the
diagnosis of BE, the endoscopist must recognize
two landmarks: the GEJ, the imaginary line where
the esophagus ends and the stomach begins, gen-
erally accepted as the most proximal extent of the
gastric folds, and the squamous columnar junction
(SCJ), the line where the squamous epithelium
meets the columnar lining. Normally, the GEJ
and the SCJ or Z-line coincides. BE is suspected
when a proximal displacement of the SCJ in rela-
tion to the GEJ is observed. According to the
length of this proximal displacement, BE is tradi-
tionally classified as short (<3 cm) or long
(�3 cm) segments. For a better estimation of the
metaplastic segments extent, a new classification
based on both, the circular and maximal extents,

was proposed (the Prague C&M classification)
and is now widely accepted.

Microscopy

BE is histologically characterized by a columnar-
lined mucosa that displays a spectrum of histolog-
ical features which combines an assortment of
columnar epithelia with gastric and intestinal
characteristics. In 1976, Paul described two
gastric-type epithelia, the junctional and the
atrophic fundic, and one intestinal type, the
specialized columnar epithelium, which in
2000 were nominated by Chandrasoma as
oxynto-cardiac (Fig. 2), cardiac (Fig. 3), and
intestinal metaplasia (IM) (Fig. 4), respectively.

For the microscopic confirmation of BE in the
biopsy material from a suspected esophageal
segment, the AGA requires the recognition of
IM (The AGA Institute Medical Position Panel
2011), while the BSG (Playford 2006) do not

Barrett’s Esophagus, Fig. 1 Barrett segment
Barrett’s Esophagus, Fig. 2 BE Oxyntico-cardiac
mucosa
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require the demonstration of goblet cells being the
finding of a columnar-lined mucosa the only
prerequisite.

Immunophenotype

BE has a mixed, gastric and intestinal, phenotype
expressed by the presence of gastric and intestinal
markers in columnar as well as in goblet cells
(Hahn et al. 2009). The intestinal phenotype is
associated with an increased risk for adenocarci-
noma, and it is recognized that the expression of
gastric features are early changes in BE
pathogenesis, while the late metaplastic steps
lead to an epithelium with assorted gastric and
intestinal characteristics (Dias Pereira and Chaves
2012; Hahn et al. 2009). Cytokeratins 7 and 20 in
BE exhibit a characteristic, but not specific, pat-
tern of expression (Nurgalieva et al. 2007) that
does not allow the differential diagnosis
between IM of the stomach and IM of the distal
esophagus.

Molecular Features

BE progresses through the morphological
sequence metaplasia-dysplasia-carcinoma corol-
lary of a successive accumulation of molecular
genetic alterations (Goldblum 2003). Some of the
well-recognized abnormalities, such as abnormal
expression of growth factors and p16 hyper-
methylation or mutation, are consistently related
to the earliest steps of progression, whereas others,
namely, p53 alteration and inhibition of apoptosis,
appear as late events. Some of them, like telome-
rase upregulation, are detected in early dysplastic
as well as in non-dysplastic BE. Nevertheless
a magic marker to select patients that will progress
for cancer has not yet been identified.

Differential Diagnosis

BE is distinguished from IM at the junction by the
recognition of a normal junction or of a metaplastic
segment, long or short, at endoscopy.

Barrett’s Esophagus, Fig. 3 BE Cardiac mucosa

Barrett’s Esophagus, Fig. 4 BE Intestinal metaplasia
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Definition

Basal cell carcinoma of the anal margin is
a malignant epithelial neoplasm. It consists of
basaloid cells, and on microscopic examination,
it is similar to conventional basal cell carcinoma
of the skin (Gibson and Ahmed 2001).

The etiology of this tumor is unknown, but
there is neither an evidence for a role of infection
by HPV nor a role of ultraviolet radiation, unlike
other basal cell carcinoma occurring in the sun-
exposed skin. Some patients have a history of

radiotherapy in the pelvic area. For some authors,
the occurrence of this tumor could be favored by
chronic skin irritation or a local trauma.

Clinical Features

Patients present with a perianal ulcerated tumor and
complain of itching or local irritation. Some physi-
cians sometimes initially misdiagnose these cancers
as inflammatory or infectious skin lesions. Some
patients have multiple basal cell carcinomas at
other anatomic sites and the diagnosis of basal cell
carcinoma of the anal margin should prompt an
examination of the whole cutaneous surface.

• Incidence
The incidence of this rare tumor is difficult to
assess. It represents less than 0.5% of all basal
cell carcinomas.

• Age
Basal cell carcinoma of the perianal margin is
diagnosed in middle aged and elderly patients
(generally aged between 60 and 70).

• Sex
This tumor is more frequently diagnosed in
males.

• Site
Basal cell carcinoma originates from the skin
of the anal margin.

• Treatment
Basal cell carcinoma of the anal margin is
treated by local excision. Recurrences are rare
if the surgical excision is complete.

• Outcome
Basal cell carcinoma seems to be a purely
locally aggressive tumor. No metastatic site
has been described.

Macroscopy

Perianal basal cell carcinoma presents as
erythematous papules, patches or nodules, plaques
or ulcers. A polypoid appearance has also been
described. The average size of the tumor is 2 cm
(0.5–5 cm). Some tumors occasionally involve the
squamous zone below the dentate line.
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Microscopy

Histologically perianal basal cell carcinoma
shows the same variability morphologic patterns
as conventional basal cell carcinoma of the
skin with nodular, superficial, infiltrative,
basosquamous, or fibroepithelioma patterns. The
tumors consist of small- or medium-sized round
or cylindrical cells with basophilic cytoplasm and
round or oval uniform nuclei (Fig. 1). Peripheral
cell layers of the tumor masses can show
a palisade arrangement of the nuclei, and there is
sometimes retraction of the stroma from tumor
islands, resulting in peritumoral lacunae. Cystic
spaces may be present in the center of nodules,
horn cysts and pseudoglands can be seen.

Immunophenotype

Perianal basal cell carcinoma is positive for Ber
EP4 and negative for keratins 13, 19, 22, CEA,
and Ulex Europaeus A1, while the basaloid vari-
ant of squamous cell carcinoma usually shows the
opposite pattern.

Molecular Features

Molecular features of perianal basal cell
carcinoma have not been described specifically.

Differential Diagnosis

It is important to distinguish basal cell carcinoma
from squamous cell carcinoma because treatments
are different. The differential diagnosis may be
difficult on small biopsies. However, the basaloid
variant of squamous cell carcinoma usually shows
less conspicuous peripheral palisading, more cel-
lular pleomorphism, and often shows larger eosin-
ophilic necrotic areas.

Cross-References

▶Basal Cell Carcinoma of the Anal Margin
▶ Paget’s Disease of the Anus
▶ Squamous Cell Carcinoma, Anus
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Synonyms

There are no current synonyms for this neoplasm.
Historically, it has been confused with

Basal Cell Carcinoma of the Anal Margin, Fig. 1 Anal
basal cell carcinoma
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another neoplastic entity, namely adenoid cystic
carcinoma.

Definition

A malignant epithelial neoplasm composed of
closely packed cells with hyperchromatic nuclei
and scant cytoplasm, with a solid growth pattern,
small cystic spaces, and foci of necrosis.
The diagnosis depends on the demonstration of
squamous cell dysplasia/carcinoma in situ in the
overlying mucosa.

Clinical Features

• Incidence
Basaloid squamous cell carcinoma (BSCC) is
a rare entity and there are no global worldwide
incidence data available. In most published
series, the incidence ranges from 0.07% to
11.3% of all esophageal carcinomas.

• Age
In the published series, the mean age at the time
of diagnosis is around 60 years.

• Sex
There is a slight predominance in males.

• Site
This type of neoplasm has been classically
described in the upper aerodigestive tract,
namely at the larynx and the esophagus, but it
can also be encountered in other organs, such
as the uterine cervix or the anal canal.

• Treatment
Surgical resection is the treatment of choice.
Depending on the stage of the disease,
chemotherapy and radiotherapy may be
added. This particular histological type does
not change the usual treatment for esophageal
carcinomas.

• Outcome
Basaloid squamous cell carcinoma has been
considered to harbor a dim prognosis. Neverthe-
less, recent series have failed to demonstrate that
point, suggesting it might have a similar prog-
nosis to moderate/poorly differentiated squa-
mous cell carcinoma. In the most recent series,

the mean 5-year survival rate was 36.6%.
Lymph node metastases are seen at presentation
in 20–67% of cases, depending on the series.

Macroscopy

Basaloid squamous cell carcinoma can present as
a polypoid mass or an ulcerated/infiltrative tumor.
In the latest series, it was more frequently encoun-
tered in the middle and inferior thirds of the
esophagus.

Microscopy

Basaloid squamous cell carcinoma is composed of
cells with hyperchromatic nuclei, inconspicuous
nucleoli and scant cytoplasm, and has a high
nuclear-cytoplasmic ratio. The cells are arranged
in solid, nesting, sharply demarcated lobules,
surrounded by a fibrous stroma. Often, necrotic
foci are seen in the center of the lobules (comedo-
like necrosis; Fig. 1). The tumor may also assume
a trabecular pattern, displaying anastomosing
trabeculae, or show microcystic/pseudoglandular
structures (Fig. 2). A cribriform pattern and ductal
differentiation were also reported. The

Basaloid Squamous Cell Carcinoma, Esophageal,
Fig. 1 Basaloid squamous cell carcinoma (hematoxy-
lin–eosin, medium-power). Comedo-type necrosis in the
center of a lobule. This is composed of basaloid cells, with
hyperchromatic nuclei and a high nuclear–cytoplasmic
ratio. There is slight palisading at the periphery of the
lobule
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interlobular stroma and microcysts demonstrate
hyaline basement membrane-like material
deposits, which are PAS positive. This neoplasm
is typically associated with squamous dysplasia/
squamous cell carcinoma in situ or even
invasive squamous cell carcinoma, by definition
in less than 50% of the tumor (Fig. 3). The transi-
tion between the two components is generally
abrupt. Nevertheless, focal squamous cell
differentiation within basaloid nests can also
be seen.

Immunophenotype

There is no specific immunophenotype for BSCC.
The neoplasm displays epithelial membrane anti-
gen (EMA) and cytokeratins expression (e.g.,
MNF116); cytokeratins 14 and 19 generally stain
the basal layer of the tumor (Fig. 4), while
cytokeratin 13 decorates the other layers. P53,
EGFR, and BCL2 overexpression, as well as
nuclear expression of beta-catenin, are often
seen. Occasional positivity with smooth muscle
actin and S100 protein has been reported. Neuro-
endocrine markers are largely negative.

Molecular Features

There are no characteristic molecular features.
A low incidence of EGFR amplifications and
mutations (exons 18–21) has been reported. Sev-
eral mutations of the p53 gene have also been
described. Despite the presence of the nuclear
expression of beta-catenin, no CTNNB1 muta-
tions have been identified so far.

Differential Diagnosis

The differential diagnosis of BSCC includes ade-
noid cystic carcinoma, small cell carcinoma,

Basaloid Squamous Cell Carcinoma, Esophageal,
Fig. 2 Basaloid squamous cell carcinoma (hematoxy-
lin–eosin, low power). The tumor grows as lobules and
anastomosing trabeculae

Basaloid Squamous Cell Carcinoma, Esophageal,
Fig. 3 Basaloid squamous cell carcinoma (hematoxy-
lin–eosin, medium power). The squamous cell dysplasia
of the overlying epithelium is evident

Basaloid Squamous Cell Carcinoma, Esophageal,
Fig. 4 Basaloid squamous cell carcinoma (immunohisto-
chemistry anti-cytokeratin 14, medium power).
Cytokeratin 14 decorates cells of the basal layer, leaving
the more luminal cells unstained
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poorly differentiated conventional squamous cell
carcinoma and adenosquamous carcinoma. The
neoplasm can be distinguished at a light micros-
copy level on architectural and cytological
grounds. The association between the tumor and
squamous cell dysplasia/in situ squamous carci-
noma, which is typical for BSCC, as well as the
lobular and cribriform patterns, often dominant in
BSCC, are not seen in the small cell carcinoma.
The absence of neuroendocrine markers helps to
support the diagnosis (nevertheless, positivity for
one neuroendocrine marker can be seen in
BSCC). Despite the fact that BSCC and the solid
variant of adenoid cystic carcinoma can be very
similar, mitoses, nuclear pleomorphism, and
necrosis are much more prominent in BSCC.
The existence of two cell types, as seen in adenoid
cystic carcinoma, is not encountered in BSCC.
Immunohistochemical stains are of limited impor-
tance, since smooth muscle actin and S100 protein
may be encountered in BSCC. The role of the
determination of MYB-NFIB fusion, recently

described in adenoid cystic carcinoma, remains
to be validated.
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Synonyms

Cameron erosions; Cameron lesions

Definition

Cameron lesions are benign, superficial, and lin-
ear erosions or ulcers associated with gastro-
esophageal hiatal hernia, generally large hernias.
They are named in tribute of Adrian J Cameron
who in 1986 first described these lesions as
a cause of anemia in patients with hiatal hernias.
The lesions are located in the proximal body of the
stomach at the end of the hernia, near the dia-
phragmatic impression. They are thought to be
caused primarily by mechanical trauma and local
ischemia caused by the repeated movements of
the diaphragm against the hernia. Secondarily,

acid and pepsin may perpetuate the lesions. They
are a rare cause of overt gastric bleeding; however,
they are a common cause of obscure gastrointes-
tinal bleeding and of ferropenic anemia in patients
with hiatal hernias.

Clinical Features

• Incidence
Cameron lesions are uncommon, with an esti-
mated incidence of 5% in patients with hiatal
hernia. The risk is around 10–20% when the
hernia size is >5 cm.

• Age
They are more common in older patients (>60
years); however, they may affect any age, par-
ticularly if patients have large hiatal hernias
(>5 cm).

• Sex
They affect equally men and women.

• Site
They are found on the mucosal folds near the
diaphragmatic impression, generally on the
lesser curvature of proximal gastric body.

• Treatment
Medical therapy includes iron supplementation
(to control anemia) and acid suppression (to
heal the lesions). Some patients with refrac-
tory, transfusion-dependent anemia due to
Cameron erosions may respond to surgical
repair of the hernia.
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• Outcome
Medical therapy is very effective for the
treatment of these lesions. Acid suppressive
therapy may heal these lesions in more
than 65% of the patients after 6 weeks.
Nevertheless, 20% of the patients may have
complications such as recurrence of bleeding
or persistent anemia. After surgery the
recurrence of these lesions is extremely rare.

Macroscopy

At endoscopy Cameron lesions appear as linear
and longitudinal erosions or ulcers at the end of
the hernia, near the diaphragmatic impression. If
small or if the endoscopist is not looking for it,
they may go unnoticed.

Microscopy

It is not usual to take biopsy samples from these
lesions and so histology is rarely described. When
biopsied they present the same characteristics of
other benign ulcerations with a mucosal defect
with some inflammatory exudate and granulation
tissue without atypical cells. However, many of
these lesions also present focal ischemic changes
consisting of coagulation necrosis supporting the
role of ischemia as a possible cause of these
lesions.

Immunophenotype

Not applied

Molecular Features

Not applied

Differential Diagnosis

Peptic ulcer/erosion (different location, microscopy
can be exactly the same), reflux esophagitis

(different location, near the esophagogastric
junction and extending into the esophagus),
malignant ulcer (e.g., lymphoma or adenocarci-
noma, different endoscopic appearance with
irregularity, rarely localized in a hiatal hernia;
histology confirms the diagnosis).
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Definition

Campylobacter enterocolitis is an inflammation
of the colon caused by Campylobacter species
which is a curved or spiral gram-negative rod.
Campylobacter species is part of the natural flora
in many wild and domestic animals including
household pets.

Campylobacter enterocolitis is one of the most
common causes of acute bacterial gastroenteritis.
Numerous Campylobacter species exist within
the genus Campylobacter including Campylobac-
ter jejuni, Campylobacter coli, Campylobacter
laridis, Campylobacter fetus, Campylobacter
upsaliensis, Campylobacter sputorum, Campylo-
bacter concisus.
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Epidemiology

The vast majority of food-borne enterocolitis is
caused by Campylobacter jejuni along with C coli
andC laridis.C fetus ismost often seen in immune-
suppressed patients and homosexual men. There is
a higher incidence in HIV-positive patients.

Transmission occurs most commonly through
consumption of raw milk, contaminated meat,
untreated water, or undercooked poultry. It is
a common animal pathogen. Person-to person
transmission by oro-fecal contamination can
also occur. The infective dose is low, and as few
as 500 organisms can cause symptomatic disease.

Pathogenesis

Regarding the pathophysiology, Campylobacter
organisms produce diarrhea after adhesion and bac-
terial invasion into the enterocytes. Such invasion
leads to the loss of function and erosion of the
surface epithelial cells. The organisms are able to
invade and replicate in infected epithelia via TLR-2
and TLR-4 receptors and may also produce both an
enterotoxin and a cytotoxin, damaging the cells. C
jejuni organisms seem more enterotoxigenic and
probably more virulent than C coli and C laridis.

Clinical Features

• Incidence
Campylobacter species is one of the most
frequently isolated enteric stool pathogens
encountered in man and accounts for up to
14% of all cases of infectious diarrheas
worldwide. Campylobacter jejuni is
a common cause of traveler’s diarrhea. Its inci-
dence differs from one country to another.

• Age
Campylobacter infections affect persons of all
ages, with a peak of incidence in children
(highest under 1 year) and young adults
(between 15 and 30 years of age).

• Site
Campylobacter infections are thought to
involve the small bowel especially the terminal
ileum as well as the colon especially the cecum.

Clinical Symptoms
The incubation period ranges from 1 to 7 days.
Approximately 20% of the infected patients remain
asymptomatic. The clinical symptoms classically
result in a self-limited gastroenteritis including
fever, malaise, abdominal pain, and watery and
sometimes bloody diarrhea. Abdominal pain,
often cramping, diarrhea and fever are the most
common symptoms. Other symptoms such as nau-
sea, headache, vomiting, and myalgia can be pre-
sent. As Campylobacter infections involve the
terminal ileum or the cecum, the infection can
suggest a clinical picture of acute appendicitis.

Campylobacter enterocolitis lasts for 1–2
weeks but can occasionally be longer.

Immune-compromised patients, the elderly,
and very young children are at particular risk for
prolonged infection. In these cases, Campylobac-
ter, most frequently Campylobacter fetus, may
present as severe, diffuse, or pancolitis with
bloody diarrhea in an acute or even fulminant
manifestation or toxic megacolon. It has been
suggested that such cases may be clinically, endo-
scopically, and histologically difficult to distin-
guish from acute noninfectious inflammatory
bowel disease. These severe forms must be distin-
guished for the proper early management of
patients because corticosteroids or immunosup-
pressive therapies required for the treatment of
severe ulcerative colitis may exacerbate infectious
enterocolitis.

• Treatment
Symptoms generally resolve spontaneously
within 1–2 weeks. Sometimes, antibiotics
may be required especially in the severe form
or in the immune-compromised patients.

• Prognosis
Most of the Campylobacter infections are self-
limited infections particularly in healthy
patients. The disease usually lasts about
1 week. Immune-compromised patients have
more frequently a severe infection with some-
times systemic illnesses that are often fatal.
Relapse is common as many as in 25% of
patients. There are rare but significant
systemic complications including Reiter
syndrome and Guillain-Barre syndrome.

Campylobacter Enterocolitis 103

C



Macroscopic Features

Campylobacter causes both small and large
intestinal disease, most often nonspecific at
endoscopy. The colonoscopy may reveal different
features from normal mucosa or mild mucosal
erythema to friable colonic mucosa with
a segmental or diffuse distribution and often
with hemorrhage.

In the early stage of the illness (within 4 days
after the onset of clinical disease), the mucosa is
typically hyperaemic and edematous with some-
times aphthoid erosions or superficial ulcers. Con-
tact bleeding is not frequently present.

Later in the course of the illness, granularity
and hyperemia without edema or ulceration may
be observed.

More frequently, the lesions are segmental
but severe diffuse pancolitis mimicking IBD can
occasionally be observed.

Microscopic Findings

Pathological examination usually shows acute
infectious type self-limited colitis including
preservation of crypt architecture with cryptitis,
surface epithelial damage, and a superficial
cellular infiltrate in the lamina propria with
neutrophils often invading the upper crypts. Mild
chronic nonspecific colitis with edema and a few
lympho-plasmocytic cells in the lamina propria
can also be observed (Fig. 1) as well as marked
mucosal hemorrhage and superficial mucosal
erosions.

In some cases of Campylobacter infections,
biopsy findings are those of focal active colitis
characterized only by focal neutrophilic crypt
injury such as cryptitis in the absence of features
of chronicity.

In the small intestine, mucosal edema, inflam-
mation, architectural villous distortion, atrophy or
flattening with goblet cell depletion, and cryptitis
as well as some erosions can be observed.

In rare cases, more severe colitis with crypt
abscesses and crypt distortion mimicking chronic
idiopathic inflammatory bowel disease can be
seen (Figs. 2 and 3).

The timing of the biopsy does not appear to
influence the specificity of the histopathological
findings. Early microscopic changes include
mucosal edema, superficial ulcers, neutrophilic
surface exudates, and cryptitis. In the following
days of the first week, active crypt lesions become
focal and neutrophils in the lamina propria appear
less prominent. In the later part of the second
week of the infection, active crypt lesions have
resolved while features of epithelial regeneration
persist together with a slight increase of the cellu-
larity in the lamina propria.

Campylobacter Enterocolitis, Fig. 1 Campylobacter
colitis: Mild colitis with edema, hemorrhagic, and a few
lympho-plasmocytic cells in the lamina propria

Campylobacter Enterocolitis, Fig. 2 Campylobacter
colitis: colitis with neutrophils aggregates in the lamina
propria and surrounding epithelium forming cryptitis and
crypt abscesses
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Differential Diagnosis

The differential diagnosis predominantly includes
other infections that provoke an acute self-limited
pattern such as Shighella, Salmonella, Yersinia
enterocolitica, and Aeromonas.

Sometimes, when Campylobacter infections
persist for a longer time and are more severe,
they can mimic inflammatory bowel disease,
most often ulcerative colitis, especially when
crypt distortion appears. Poorly formed mucosal
granulomas are occasionally present and may sug-
gest a diagnosis of Crohn’s disease. Therefore, the
differential diagnosis can be challenging and is
very important. This problem can be solved by
studying the plasma cells in the infiltrate. An
increase of plasma cells can occur 7–10 days
after the initial onset of the infection. In Campylo-
bacter colitis, increased numbers of IgA and IgM
containing plasma cells are found in the mucosa.
In contrast, active IBD shows an increase of IgA
and IgG for ulcerative colitis and of IgA, IgM, and
IgG in Crohn’s disease. Moreover, plasma cells
are not usually located in a basal position in Cam-
pylobacter colitis, while this location is a frequent
finding in IBD and a positive diagnostic predictive
factor for both ulcerative colitis and Crohn’s
disease.

Numerous authors have tried to establish
criteria to distinguish an infectious colitis from
an IBD at the time of the first biopsies. One of
the most important studies was by Schumacher in
1994 who carried out a prospective study showing

significant features of IBD (see▶ Infectious Coli-
tis). Pointers to an infective cause were edema of
the lamina propria and the presence of a cellular
infiltrate mainly composed of neutrophils. The
aggregates of neutrophils were usually conspicu-
ous in the lamina propria and surrounded or infil-
trated the upper crypt epithelium. However, more
frequently, the histological features are not spe-
cific. A control repeat biopsy can help as it usually
shows an improvement of the lesions. The
absence of IBD criteria can also help to diagnose
infectious colitis.

Useful Tests

Culture is the best test to aid in Campylobacter
infection diagnosis. The yield of C jejuni is higher
from colonic tissue culture than stool culture.

Serologic studies have been reported using
a variety of techniques including agglutination,
complement fixation, and ELISA technique. Sero-
logical evidence of a specific antibody response to
Campylobacter permits confirmation of the diag-
nosis but positive serologies may persist for more
than a year after an acute infection has resolved.

PCR analysis performed on fixed biopsies may
be a diagnostic method for detection of this organ-
ism as well as Immunohistochemistry with
a specific antibody. Identification of the organism
from the stool by dark-field microscopy or DNA
hybridization is also possible.
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Carcinoma, Colorectal
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Synonyms

Colorectal carcinomas, Malignant epithelial
tumors of the large intestine

Definition

Colorectal carcinoma is a malignant tumor arising
from colonic epithelium. More than 90% of colo-
rectal carcinomas (CRC) are adenocarcinomas.

The cause and pathogenesis of CRC are related
to both environmental and genetic factors. Envi-
ronmental factors contain diet rich in meat, high
fat, carbohydrate, low fiber; lifestyle risk factors
like cigarette smoking and alcohol consumption;
and those which have effect on the intestinal
microflora and chemical composition of the
intraluminal content. Bile acids and their metabo-
lites derived from bacterial action could also be
potential carcinogen. Some vitamin deficiencies
(vitamins B2, B6, B12, C, D, folate, etc.) have risk
for CRC. The repeated colonic mucosal injury and
repair as occurs in chronic idiopathic inflamma-
tory bowel disease are important in the develop-
ment of CRC. Various genetic factors are as
follows: there is high predisposition for CRC in
patients with FAP, other forms of polyposis
(MUTYH polyposis, juvenile polyposis, etc.),
Lynch syndrome, and Peutz-Jeghers syndrome.

It is generally accepted that most colorectal car-
cinomas arise from adenomas. Residual adenoma is
identified in about 10–30% of colorectal cancers.

Clinical Features

• Incidence
An estimated 1.23 million new cases of CRC
occurred worldwide in 2008, 9.7% of all new
cancers. CRC is the fourth most common can-
cer in men, third in women. There is big dif-
ference in incidence in different locations in
the world. For example, the incidence is high in
industrialized, high-resource countries of
Europe, North America, Australia, New
Zealand, and Japan and low in countries like
India, Asia, and Africa.

• Age
Incidence increases with age. The risk for CRC
rises significantly after age 40 in both men and
women and doubles in each succeeding decade
until age 75. Most patients are middle aged and
elderly. Median age at diagnosis for cancer of
colon and rectum is 71. The age of onset is
younger, and tumors are more aggressive in
low-risk countries.

• Sex
Rates of rectal cancer are about 50% higher
and colon cancer rates about 20% higher in
men than in women. Women have higher
rates of right-sided neoplasms and develop
their cancers at earlier age than men.

• Site
In low-risk countries, carcinomas of cecum
and ascending colon occur more frequently
than carcinomas of the left colon, whereas in
high-risk countries, CRC more commonly
arises in the rectosigmoid region. Generally,
50% of all carcinomas occur in the
rectosigmoid area. CRCs like adenomas could
be multiple. Multiple neoplasms may be syn-
chronous or metachronous. Synchronous can-
cers often remain confined to some regions of
the bowel.

• Treatment
Surgical resection is typically the first line of
treatment for CRCs. The type of surgery
depends on the site of the tumor. Patients with
advanced stage tumors (especially rectum
tumors) may have chemoradiation prior to sur-
gery. To date, fluorouracil (5-FU)-based
chemotherapy is standard. Irinotecan or
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oxaliplatin can be used in the advanced stage of
the disease. As a second line treatment, anti-
EGFR antibodies (panitumumab and
cetuximab) may be used if the tumor has no
KRAS mutation. Microsatellite instability sta-
tus is important since MSI-H cancers do not
benefit from 5-FU chemotherapy. Radiation
therapy is often used in combination with che-
motherapy in advanced disease and used pre-
operatively in rectal cancer to downstage of
tumor. Hepatic arterial infusions are used to
treat metastatic disease in liver.

• Outcome
CRC may present with rectal bleeding,
changes in bowel habits, anemia, and abdom-
inal pain.

The cancers located in the left colon may
cause intestinal obstruction. Some cecal carci-
nomas can present symptoms of appendicitis.

Differences in the death rates from colorec-
tal cancer relate to differences in socioeco-
nomic factors, diet, population longevity,
genetic factors, and quality of available medi-
cal care. The overall 5-year relative survival
rate is 64%. Only about 40% of patients pre-
sent with localized disease, although
remaining 40% of patients with regional
metastases and 20% with distant metastases.

Many factors influence the prognosis of
patients with colorectal cancer, including the
presence of preexisting diseases such as famil-
ial polyposis, ulcerative colitis, and Lynch syn-
drome and tumor growth characteristics.
Prognosis largely depends on depth of invasion
of large bowel wall and presence of lymph
node involvement and of course stage. Other
strong prognostic factors are extramural
venous invasion, preoperative CEA level,
residual tumor in surgical margin, and radial
margin in rectum tumors. Histologic grading,
microsatellite instability, tumor margins and
inflammatory reaction, age, perineural inva-
sion, and microscopic tumor type are consid-
ered also as poor prognostic markers.
Currently, mucinous histology is not consid-
ered as an independent prognostic factor.

Medical oncologists currently use MMR
status to guide adjuvant 5-FU therapy

decisions for new CRC patients with deep pri-
mary tumors without nodal or distant metasta-
ses (AJCC stage II).

Macroscopy

CRCs are often sharply circumscribed and grossly
resemble adenomas. Some are elevated only a few
millimeters, whereas others are almost hemispher-
ical in shape. As carcinoma replaces the adenoma,
the tumor becomes firmer and paler.

The gross appearance of colorectal carcinomas
may be polypoid, fungating (exophytic) (Fig. 1),
ulcerating (Fig. 2), stenosing, or diffusely infiltrat-
ing. Polypoid type of carcinoma forms an exo-
phytic intraluminal mass usually with little
surface ulceration. The diffusely infiltrative

Carcinoma, Colorectal, Fig. 1 Fungating adenocarcinoma

Carcinoma, Colorectal, Fig. 2 Ulcerating and
infinltrating type carcinoma of colon
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carcinoma infiltrates a segment of the intestinal
wall, often in a circumferential fashion, without
forming nodular mass.

Majority of carcinomas are centrally located
and have raised everted edge. Carcinomas located
in the cecum frequently protrude to the lumen;
others may present as excavated ulcerating tumors
with flat margins. Carcinomas arising in the trans-
verse and descending colon usually become infil-
trative and ulcerating, producing annular and
constricting tumors. These tend to present with
obstructive symptoms.

Approximately two thirds of all tumors are
ulcerating; one third appear fungating. Ulcerating
carcinomas deeply invade into the colonic wall.
Most of them have solid white or yellowish white
tissue in their cut surface. In contrast, approxi-
mately 10% of CRC have mucinous component
display mucin/or gelatinous material on the cut
surface. Least commonly, diffuse infiltrative/
linitis plastica pattern can be seen. Overlaps
among different macroscopic types and ulceration
are common.

Infiltration through the intestinal wall ulti-
mately may reach the serosa and contiguous struc-
tures and pericolic tissues.

Microscopy

More than 90% of CRC are adenocarcinomas.
This is the list of microscopic types of CRC
according to the WHO (2010):

Adenocarcinoma:
• Cribriform comedo-type adenocarcinoma
• Medullary carcinoma
• Micropapillary carcinoma
• Mucinous adenocarcinoma
• Serrated adenocarcinoma
• Signet ring cell carcinoma

Adenosquamous carcinoma
Spindle cell carcinoma
Squamous cell carcinoma
Undifferentiated carcinoma

Colorectal adenocarcinomas are histologically
characterized by well-recognized gland formation

with mostly well differantiated or moderate
differantiated. These glands usually contain vari-
able amount of musin secretion. Mostly these
glands line by tall, columnar, malignant epithe-
lium with high mitotic rate. Residual adenoma-
tous mucosa may be seen at the edge of
a malignancy, especially in smaller tumors. The
majority of small carcinomas associated with
residual carcinomas are well differentiated.

Grade (degree of differentiation) applies only
to adenocarcinomas and is mainly based on gland
formation and architectural features of tumors.
Well-formed glands are present in >75% of the
tumors that are well differentiated (simple tubules
with little complex architectural complexity,
maintained polarity), in 25–75% of moderately
differentiated tumors (considerable architectural
complexity, nuclei modestly enlarged, polarity
largely maintained), and in <25% of poorly dif-
ferentiated carcinomas (if glands present, nuclei
have often prominent nucleoli and lost polarity).

Apart from 3 degrees of differantiation,
two-tier grading system is also used: In this
system, CRCs are classified as either low grade
(well and moderately differentiated; >50% gland
formation) or high grade (poorly differentiated;
<50% gland formation) (Figs. 3, 4, and 5).
Other microscopic types carry their own prognos-
tic significance, and grading does not apply.

Mucinous carcinomas are defined as the
tumors composed of >50% mucin secretion and
are about 10% of all CRCs (Fig. 6). Mucinous

Carcinoma, Colorectal, Fig. 3 Well differantiated
adenocarcinoma
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material is an acid mucopolysaccharide that stains
with periodic acid- schiff (PAS), mucicarmine,
and acidic aniline blue stains.

Signet ring cell adenocarcinomas represent
about 0.5–1.0% of all CRCs and are defined as
a tumor composed of at least 50% signet ring
cells.

Medullary carcinoma is a rare variant charac-
terized by sheets of malignant cells with vesicular
nuclei, prominent nucleoli, and abundant eosino-
philic cytoplasm containing intraepithelial
lymphocytes.

Serrated carcinomas have glandular serration
with mucinous cribriform, lacy and trabecular
areas, and low nucleus-to-cytoplasm ratio. Necro-
sis is not seen.

Inflammatory and lymphoid cell infiltration is
one of the prominent features of many CRCs.
Lymphoid aggregates can be seen at the advanc-
ing edge of the tumor and in the pericolic fat tissue
which is called Crohn’s disease-like lymphoid
reaction in some CRC cases (Fig. 7). CRCs usu-
ally show development of desmoplastic stromal
fibrous reaction.

According to infiltration at advancing margin
of tumor in the bowel wall, CRCs have two dis-
tinct patterns: expanding pattern and infiltrating
pattern (Figs. 8 and 9). Invasive front of some
CRCs reveals isolated clusters of tumor cells, the
so-called tumor budding, which are defined as less
than four or five cells in one group (Fig. 10). They
are more frequently seen in flat tumors.

Carcinoma, Colorectal, Fig. 4 Typical colorectal adeno-
carcinoma with complex glandular structures and “dirty
necrosis”

Carcinoma, Colorectal, Fig. 5 Poorly differantiated
adenocarcinoma

Carcinoma, Colorectal, Fig. 6 Mucinous adenocarci-
noma with abundance of mucin pools

Carcinoma, Colorectal, Fig. 7 Adecarcinoma with peri-
tumoral crohn-like lymphocytic reaction
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Microscopic Features Suggesting
Microsatellite Instability
The tumor that shows mucinous differentiation,
poor differentiation with solid pattern,
circumscribed growth pattern (or pushing margin),
peritumoral Crohn’s-like lymphoid aggregates,
tumor infiltrating lymphocytes (>2/HPF), lack of
dirty necrosis, preexisting serrated lesion, and right
colon location should be analyzed for microsatellite
instability.

Posttreatment Changes: Neoadjuvant (preop-
erative) chemoradiotherapy is increasingly used
in tumors located in rectum. Posttreatment effects
can be seen as acellular mucin lakes in the wall of
rectum (Fig. 11). These should not be revealed as
tumor infiltration. Residual tumors show radiation

effects and its stroma is usually desmoplastic
(Fig. 12).

Spreading of Colorectal Cancer
CRCs can spread by direct local invasion, lym-
phatic invasion (LI), blood vessel invasion (BVI),
and perineural invasion (PNI) like other cancer
types. Staging of CRCs according to TNM
classification is shown in Table 1.

The tumor extends through the various intesti-
nal wall layers or extends through the area of the
penetrating vessels. Mural penetration results in
direct involvement of serosa, adjacent organs or
tissues, and peritoneal seeding (Figs. 13 and 14).

CRCs frequently metastasize to the regional
lymph nodes. The incidence of LI ranges from

Carcinoma, Colorectal, Fig. 8 Expanding growth
pattern

Carcinoma, Colorectal, Fig. 9 CRC showing infiltrating
pattern

Carcinoma, Colorectal, Fig. 10 tumor budding with
desmoplastic stroma

Carcinoma, Colorectal, Fig. 11 Acellular mucinous
changes in tumor after CRT
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8% to 73% and increases with tumor stage and
grade (Fig. 15). Metastases usually progress from
the closest one to the next lymph node in a fairly
orderly fashion. The number of both total and
metastatic lymph nodes affects the prognosis, so
the lymph nodes should be carefully examined
grossly and microscopically.

Spread of tumor through the veins draining
ultimately to the portal vein and liver is important
for distant organ metastases. Detection of intra-
mural and extramural BVI is very important for
prognosis (Fig. 16). The tumor located in the
lower rectum can metastasize directly the lung
via the middle and inferior hemorrhoidal veins.

PNI is an indicator of high risk of local recur-
rence and poor outcome (Fig. 17).

Immunophenotype

The most common immunostaining pattern is
cytokeratin (CK) 20 positivity and CK7 negativ-
ity. CK20 is an acidic cytokeratin that is generally
expressed in colonic mucosa and CRC (Fig. 18).
CDX2 is a caudal-type homeobox gene which
encodes a transcription factor that plays an impor-
tant role in the proliferation and differentiation of
intestinal epithelial cells. Most of CRCs express
nuclear CDX2 positivity (Fig. 19). MUC1 is not
usually expressed in colonic epithelium but can be
expressed by some CRC which has adverse prog-
nosis. MUC2 is the most characteristic intestinal

mucin (Fig. 20). MUC5AC and MUC6 can rarely
express in some CRCs. CEA is expressed in the
great majority of CRCs. MMR proteins (MLH1,
MSH2, MSH6, and PMS2) normally show
nuclear expression with immunostaining.

Carcinoma, Colorectal, Fig. 12 Post treatment changes
in tumoral gland

Carcinoma, Colorectal, Table 1 TNM staging for colo-
rectal carcinomas (the original source of this material is
AJCC cancer staging manual seventh edition)

Classification Definition

T-primary
tumor

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ: intraepithelial or
invasion of lamina propria

T1 Tumor invades submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades subserosa or into non-
peritonealized pericolic or perirectal
tissues

T4 Tumor perforates visceral
peritoneum and/or directly invades
other organs or structures

T4a Tumor perforates visceral peritoneum

T4b Tumor directly invades other organ
or structures

N- regional
lymph node

NX Regional lymph nodes cannot be
assessed

N0 No regional lymph node metastasis

N1

N1a Metastasis in 1–3 regional lymph nodes

N1b Metastasis in 1 regional lymph node
metastasis in 2–3 regional lymph node

N1c Tumor deposits/satellites, in the
subserosa, or in non-peritonealized
pericolic or perirectal soft tissue
without regional lymph node
metastasis

N2 Metastasis in 4 or more lymph nodes

N2a Metastasis in 4–6 regional lymph node

N2b Metastasis in 7 or more regional
lymph node

M-distant
metastasis

M0 No lymph node metastasis

M1 Distant metastasis

M1a Metastasis confined to one organ

M1b Metastasis in more than one organ or
the peritoneum
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Carcinoma, Colorectal, Fig. 14 Tumor infiltrates serosa

Carcinoma, Colorectal, Fig. 15 Lymphatic invasion is
seen in submucosal lymphatic vessel

Carcinoma, Colorectal, Fig. 16 Extramural blood veesel
invasion

Carcinoma, Colorectal, Fig. 17 Perineural invasion

Carcinoma, Colorectal, Fig. 13 Submucosal invasion is
seen in flat carcinoma

Carcinoma, Colorectal, Fig. 18 CK20 positivity in CRC
cells
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Molecular Features

Molecular features of CRCs are getting more
complex compared to the past. Several broad clin-
icopathological pathways in the development of
CRC are defined. It is understood that every colo-
rectal carcinoma is genetically unique. Generally,
the pathways lead to CRC: inherited pathways
(FAP, Lynch syndrome (LS), MYH-associated
polyposis, serrated polyposis, juvenile polyposis),
sporadic pathways (conventional adenoma, ser-
rated adenoma), and inflammatory bowel dis-
ease-associated pathway.

There are at least two general forms of genome
instability important to the development of

colorectal neoplasia. Approximately 85% of spo-
radic CRCs develop chromosomal instability
(CIN) which is characterized by gross chromo-
somal abnormalities, aneuploid karyotype, large
chromosome segment deletion and duplications,
and increased DNA content. CRC with CIN also
reveals abnormalities in DNA methylation, par-
ticularly hypermethylation of CpG dinucleotides
in the promoter regions of genes. Microsatellite
instability (MSI) is present in about 10–15% of
CRC and is characterized by widespread alter-
ations in the size of repetitive DNA sequences.

The development of most colorectal carcino-
mas is thought to be initiated by inactivation of the
APC/ß-catenin/Wnt signaling pathway, usually
by mutation of one copy of the APC gene
followed by a second event that inactivates the
other allele. The second inactivating event is usu-
ally described as allelic deletion or mutation but
can be epigenetic methylation of cytosines in CpG
islands of the promoter region of APC that results
in transcriptional silencing. Altered APC has
wide-ranging downstream effects on cell-cell
adhesion, transcriptional regulation, chromo-
somal instability, cell migration, proliferation
and cell cycle control, differentiation, and apopto-
sis. Somatic APC mutation is associated with the
development of intraepithelial neoplasia
(dysplasia) in aberrant crypt foci and early
adenomas and is present in as many as 80% of
sporadic colorectal adenomas and carcinomas.
Mutations of the KRAS or BRAF gene in the
RAS/RAF/MAPK pathway typically occur early
in ACF or small adenomas and result in constitu-
tive activation of the gene. Epigenetic silencing of
MGMT by promoter methylation in normal
colonic mucosa may be predisposing factor for
cancer as a field effect and an early event colorec-
tal carcinogenesis. Mutation and inactivation of
the P53 gene are later genetic events in colorectal
tumorigenesis. The deleted in colorectal carci-
noma (DCC) gene is located in 18q. CRCs show
60–70% loss of heterozygosity (LOH) of 18q.
DCC mutation is seen almost 50% of larger size
of adenomas. SMAD2 and SMAD4 are also
located on the same locus of 18q. SMAD4 muta-
tions increase in frequency with the advancing
stage of adenoma-carcinoma sequence.

Carcinoma, Colorectal, Fig. 19 Diffuse and strong
CK19 positivity in both normal colonic mucosa and
carcinoma

Carcinoma, Colorectal, Fig. 20 Strong MUC2 positivity

Carcinoma, Colorectal 113

C



The most frequent cause of sporadic MSI is
tumor-acquired promoter hypermethylation of
MLH1, which often occurs in the context of
global hypermethylation of gene promoters
known as CpG island methylator phenotype.
When CpG sites in the promoter regions of both
copies of MLH1 are hypermethylated, MLH1
expression is lost and genomic instability in the
form of MSI ensues. In contrast to LS, in which
a monoallelic mutation of one of the MMR genes
is inherited germline, sporadic MSI is associated
with acquired epimutation of both copies of MLH1.
The V600E hotspot mutation (c. 1799 > A) in the
BRAFoncogene occurs in 40–50%of sporadicMSI
colorectal cancers and is highly associated with
MLH1 promoter methylation. The mutational pro-
file of sporadic MSI-H tumors includes APC and
BRAF (approximately 50%)mutations. These cases
have very rare KRAS mutation. SSA/Pwith dyspla-
sia is considered the precursor for sporadic MSI-H
CRC and shows unique molecular features, includ-
ing BRAF V600E mutation, generalized increased
in CpG island methylation (the CpG island methyl-
ator phenotype-CIMP), MLH1-promoter methyla-
tion (PHM), and MSI-H. Approximately 70%
CIMP-H CRCs are sporadic MSI-H CRC. 85% of
sporadic MSI-H CRCs are associated CIMP-H.
A total of 5–10% of MSS sporadic CRC have
BRAF mutation.

According to CIMP status, MLH1 status, MSI
status, and chromosomal instability status, colo-
rectal carcinomas are subdivided into five main
groups (Table 2). Jass et al. suggested that groups
1 and 2 arise from serrated adenomas, groups 4
and 5 from conventional adenomas, and group 3
which is KRAS positive arises from either
serrated or conventional adenomas.

Differential Diagnosis

Adenoma with pseudoinvasion can be described
in the presence of lamina-propria-like inflamma-
tion surrounding dysplastic glands within polyp
stalk.

Metastatic adenocarcinoma in the colon should
be differentiated from primary CRC by the lack of
adenoma at the edge of the tumor. However this

feature is not always helpful if the tumor over-
growth of the preexisting adenoma.
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Synonyms

Adenocarcinoma; Small Intestine

Carcinoma, Colorectal, Table 2 Molecular classification
of colorectal carcinomas

Group 1 CIMP-H, MLH1 methylation, BRAF
mutation, CIN(�), MSI-H, serrated
precursor

Group 2 CIMP-H, BRAF mutation, CIN(�), MSS or
MSI-L, serrated precursor

Group 3 CIMP-L, KRAS mutation, MSS or MSI-L,
CIN(+), serrated or conventional adenoma

Group 4 CIMP negative, MSS, CIN(+), APC
mutation (conventional, FAP)

Group 5 CIMP negative, BRAF negative, CIN (�),
MSI-H, Lynch syndrome

114 Carcinoma, Small Intestine



Definition

Briefly, small intestinal carcinoma is the malignant
epithelial tumor of the small intestine. Though the
small intestine has a larger surface area and higher
rate of epithelial cell turnover, epithelial neoplasms
develop less frequently than the other parts of the
GI tract. Small intestinal carcinomas are most com-
monly located in duodenum, usually around the
ampulla of Vater. Although adenocarcinomas are
the most common primary tumors, small intestine
is the most common part of the gastrointestinal
tract for involvement by secondary tumors, which
are more than twice as common as the primary
neoplasm. Like colorectal carcinomas, most of
the small intestine carcinomas are sporadic and
develop from adenomas. Risk factors for
sporadic carcinoma include smoking, alcohol con-
sumption, and fat in diet. Chronic inflammation is
an important predisposing condition, including
long-standing ▶Crohn’s disease and gluten-
sensitive enteropathy (GSE). Familial adenoma-
tous polyposis (FAP) carries the greatest increase
risk for small intestinal adenocarcinoma. Other
polyposis syndromes with increased risk include
▶Peutz-Jeghers syndrome, juvenile polyposis
syndrome, and hereditary nonpolyposis colon can-
cer syndrome (HNPCCC). Carcinoma can also
develop in ileostomies, and ileal reservoirs. The
most common presenting symptoms of small intes-
tinal carcinoma are abdominal pain, obstruction,
and occult gastrointestinal bleeding. Duodenal
and ampullary tumors may obstruct the bile duct
and cause jaundice. Most cases with distal
small intestinal carcinomas present with
advanced disease.

Clinical Features

• Incidence
6.8 per million (Data from United States
Surveillance, Epidemiology and End Results
(SEER), 1973–2005). Overall small intestine
carcinomas are rare tumors, making up 2% of
GI tumors and 1% of GI cancer deaths.

• Age
Median age is approximately 67 years.

• Sex
Men are affected slightly more often than
woman.

• Site
Duodenum is the main site of occurrence of
carcinomas. In duodenum, carcinomas are
most common around the ampulla of
Vater (approximately 65% of the tumors).
The incidence decreases progressively through
the rest of the small intestine. Crohn’s
disease–associated tumors are found in the
ileum, in the main site of the inflammatory
pathology.

• Treatment
Pancreaticoduodenectomy or endoscopic
mucosectomy/polypectomy (for polypoid and
superficial tumors) can be applied for proxi-
mally located tumors, while more distal tumors
require segmental resection with accompany-
ing mesentery. Chemotherapy and radiother-
apy appear to have little proven effect on
survival.

• Outcome
Outcome of the patients is poor in all locations.
In the SEER database for 1988–2001, the over-
all 5-year survival of small intestinal adenocar-
cinoma was 27% and median survival was
13.9 months. For the cases with localized
tumors, the 5-year survival rate was 57%,
regional disease was 34%, and metastatic dis-
ease was 3%.

Macroscopy

The macroscopic findings depend on the site of
the carcinoma. Tumors may have flat, stenotic,
ulcerative, infiltrative, or polypoid macroscopic
appearance. Ampullary and duodenal tumors usu-
ally have small, exophytic appearance, whereas
distal tumors tend to be large, constricting, and
annular lesions. Stage of the tumor also affects the
macroscopic appearance. Another determinant is
the presence or absence of a predisposing factor,
such as accompanying adenoma, GSE, Crohn’s
disease, polyposis syndromes, etc. Most of the
tumors have already penetrated the muscularis
layer or serosal surface at the time of diagnosis.
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Duodenal carcinoma requires additional sampling
to evaluate the involvement of the pancreas and
depth of the retroperitoneal invasion.

Microscopy

Histologically, small intestine carcinomas
resemble their colonic counterparts (Fig. 1).
Most of the small intestine carcinomas are
adenocarcinomas, while mucinous adenocarci-
noma and signet ring cell carcinomas can also be
seen. Carcinomas that develop in ampulla of Vater
may show an intestinal or pancreaticobiliary
phenotype. Differentiation of these phenotypes is
important for treatment and also the prognosis of
the intestinal type is better. Adenosquamous
carcinoma, medullary carcinoma, squamous cell
carcinoma, carcinomas with neuroendocrine cell
component, and undifferentiated carcinomas are
rarer types of small intestinal carcinomas.

Immunophenotype

Small intestinal carcinomas show a different ker-
atin 7/keratin 20 profiles; nearly half of the cases
are positive for keratin 7 and keratin 20. This
feature can be useful in differential diagnosis
of metastatic spread of colonic carcinoma.
AMACR/P504S immunostaining can be helpful

as this antibody is usually positive in colon cancer,
but not in primary small intestinal carcinoma.
Expression of CDX2 is observed in more than
half of the cases and the staining pattern is usually
diffuse, similar to colorectal carcinomas.

Molecular Features

Molecular pathology is not very clear because of
the relative rarity of these tumors. APC gene
mutations are infrequent; however, overexpression
of p53 is common. Loss of E-cadherin expression,
mutation in beta-catenin, SMAD4, and KRAS
genes, and activation of RAS-RAF-MAPK
pathway are other genetic abnormalities that have
been reported.

Differential Diagnosis

The main differential diagnostic consideration is
metastatic tumor. Colorectal, breast, and lung ade-
nocarcinoma and melanoma are among the most
common secondary tumors involving the small
intestine. Pancreatic and gastric cancer may
directly involve the small intestine. Features
favoring metastasis include the presence of
multiple lesions and absence of a predisposing
lesion. Immunohistochemistry is primarily used
to exclude metastatic disease. Pancreaticobiliary
neoplasms arising in the ampulla of Vater and
periampullary area should be considered in the
differential diagnosis of duodenal carcinomas.
The size and the location of the tumor,
determined both grossly and microscopically, are
considered as useful features.
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Synonyms

American trypanosomiasis

Definition

Chagas disease is an important parasitic disease
resulting from the infection with Trypanosoma
cruzi (T. cruzi), a hemoflagellate protozoa whose
vectors are triatomine insects, a type of reduviid
bug known as the “barber bug.” It is one of the
most serious public health problems in South
America. The name was a tribute to its discoverer,
the Brazilian medical doctor, scientist, and
researcher Carlos Chagas (1879–1934). The

achievement of Chagas, considered unique in the
history of medicine, is a milestone in the history of
Brazilian science and health (www.fiocruz.br/
chagas).

In 1909, Carlos Chagas, from The Oswaldo
Cruz Institute, announced the discovery of a new
human disease. Chagas was the only researcher so
far to completely describe a new infectious dis-
ease: its pathogen, vector (Triatominae), host,
clinical manifestations, and epidemiology. The
discovery brought immediate prestige and projec-
tion to the young scientist, who received several
academic honors in Brazil and abroad, having
been nominated for the Nobel Prize twice. Bring-
ing an innovative contribution to the emerging
field of tropical medicine and to the studies on
parasitic diseases transmitted by insect vectors,
Chagas also brought attention to the health and
social reality of the countryside of Brazil, devas-
tated by rural endemies.

Under natural conditions, T. cruzi exists in
different populations of vertebrate hosts, sylvan,
and domestic animals. It can also be found in
invertebrates, such as in vector insects. During
its phase in the invertebrate host, T. cruzi becomes
epimastigotes and then, in the posterior intestine,
these differentiate into trypomastigotes, which,
after being eliminated with the feces and urine of
the vector insect, are capable of infecting the
vertebrate host.

The most important form of transmission of
Chagas disease is either through skin break,
resulting from the insect prick, or through mucous
membranes, including conjunctive or oral/diges-
tive mucosa. However, transfusional and congen-
ital transmissions also have epidemiological
importance. The determinants of Chagas disease
result from the number of parasites in the initial
infection, the infecting forms in the initial inocu-
lum (number of trypomastigotes), the lineage of T.
cruzi inoculated (I, II, Z3, or hybrid Z1/Z3), rein-
fection, the quality of the strains and clones
(biodema), the specific clonal-histotrophic recep-
tors of the host, and the patient’s initial and late
immune response (Andrade et al. 2006; Teixeira
et al. 2006).

The parasites deposited on skin wounds or
mucosa stimulate a local inflammatory reaction
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(inoculation chagoma or Romaña’s sign) with
a lymphoreticular response. The circulating
trypomastigotes enveloped by macrophages can
reach the liver, spleen, lymph nodes, skeletal, and
cardiac muscles to form pseudocysts of
amastigotes. With the rupture of the pseudocysts
in the myocardium or myenteric plexuses, acute
inflammatory reaction (mediated by CD4+
and CD8+ cells and interleukins, mainly IL-2 and
IL-4) leads to muscle and neuron cell destruction,
which ismaintained by the presence of T. cruzi or its
fragments and by the parasite’s DNA. There is a late
hypersensitivity reaction with dilated chronic
myocardiopathy, arrhythmia, dysperistalsis, mega-
esophagus, and megacolon (Coura 2007). There is
evidence that the persistence of the parasite in the
tissues, associated with unbalanced homeostatic
mechanisms (oxidant/antioxidant and pro-inflam-
matory/anti-inflammatory processes), is critical for
the pathogenesis and progression of Chagas disease
(Higuchi et al. 2003; Lannes-Vieira 2003). The
progression of the infection, as well as its resulting
clinical picture, is dependent upon a complex para-
site-host relationship, which involves environmen-
tal and genetic factors stemming either from the
host or from the parasite. However, the specific
pathophysiological factors influencing the clinical
course remain unclear.

Chagas disease presents an initial or acute
phase with evident parasitemia seen in direct
blood examination. In most cases there are no
symptoms, but in symptomatic cases there are
entry point signs (inoculation chagoma or
Romaña’s sign), fever, generalized adenopathy,
edema, hepatosplenomegaly, myocarditis, and
meningoencephalitis in severe cases. This is
followed by a chronic phase that in most
cases presents as an indeterminate form
(asymptomatic, with normal results from electro-
cardiogram and chest x-ray, no abnormalities in
esophagus or colon), which may evolve to the
cardiac and/or digestive form (megaesophagus
and megacolon). The so-called congenital form
may also occur, by means of transmission across
the placenta or through the birth canal during
delivery, and this may give rise to abortion,
prematurity, or organic lesions in the fetus
(Koberle 1961; Andrade 2000, 2005).

Acute Form
In the acute form, intracellular parasites are found
in several organs, mainly inside the myocardium.
Immunohistochemical tests are found to be
helpful in the identification of T. cruzi and also
the parasitism intensity. The myocardium
inflammation is usually very intense, diffuse, and
disproportional to the number of parasitic cells.
There are morphological evidences indicative of
the immune system’s participation in the augmen-
tation of this inflammatory response, such as the
discovery of lymphocytes and adhered macro-
phages, membrane fusion in myocardial necrotic
focuses, morphological data revealing
cytoadherence and cytotoxicity, and also the pres-
ence of microangiopathy. The presence of non-
parasitic myocardiocyte necrosis is also a usual
finding. In other organs, the inflammation is focal
or multifocal, always preserving a direct relation-
ship with the parasited cells. These cells may be
macrophages, flat muscular and grooved cells,
and even gray fat adipocytes, as well as glial
cells of the central nervous system and the
corresponding satellite cells of the autonomic ner-
vous system. In relation to the presence of para-
sitism and inflammation in their immediate
neighborhoods, neurons of the myenteric plexus
can exhibit regressive lesions at several levels or
even necrosis and lyse. In the acute and
chronic forms of Chagas disease, the etiological
diagnosis can be accomplished by the detection of
the parasite through the direct or indirect parasi-
tological method and by the presence of anti-
bodies in the serum through serological tests.
The most used techniques are immunofluores-
cence, hemaglutination, and enzyme-linked immu-
nosorbent assay (ELISA). Tests of greater
complexity, such as the molecular test, using poly-
merase chain reaction (PCR) coupled with the
hybridization with molecular probes and theWest-
ern blot (WB) have been showing promising
results (www.fiocruz.br/chagas).

Indetermined Form
Most individuals infected with T. cruzi, having or
not previously presented an evident acute form of
infection, usually evolve into an apparent
parasite-host state of equilibrium without clinical
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manifestations. This state of silent infection is
denominated indetermined form. For a more
precise diagnosis, it is necessary to identify this
form not only by serological and/or parasitologi-
cal evidences of the infection but also by normal
results from radiology and electrocardiogram,
confirming the digestive and circulatory systems
normality. The inflammatory infiltrate is intersti-
tial, does not hinder myocardiocytes, and is
accompanied by a light, focal, and interstitial
fibrosis, as well as by matrix expansion. After
a certain time, the inflammatory infiltrate
disappears, inflammatory cells exhibit apoptosis,
while the excess of interstitial tissue is reabsorbed
and degraded.

Chronic Cardiac Form
The chronic cardiac form is the most expressive
manifestation of Chagas disease, both because of
its frequency and because of its severity (Fig. 1). It
generally appears between the second and fourth
decades of life, 5–15 years after the initial infec-
tion. The signs and symptoms of chronic Chagas
cardiopathy result from arrhythmia, cardiac insuf-
ficiency, auricular-ventricular and branch block-
ages, and thromboembolism.

This form presents an inflammatory fibrous
essentially arrhythmic myocardiopathy that leads
to a progressive lethal cardiac insufficiency. T.
cruzi is not always demonstrated histologically;
however, pathology findings are much more

pronounced. Many times, a highly characteristic,
if not pathognomonic, lesion occurs at the left
ventricular end level, and it is usually called end
lesion or aneurysm. It is a nonfibrous thinning,
with myocardial fiber atrophy and protrusion of
the left ventricular end. This lesion has an intimate
connection with the peculiar involvement of the
heart in this chronic form of Chagas disease.
There is a delay in the arrival of electric impulses
to the left ventricular end area. At each systole, the
dorsal column blood pressure on a nonactivated
region provokes herniation of the left ventricular
apex. Histologically, it also has peculiarities and
exhibits fibrous inflammation with several
age-related alterations that reveal a dynamic,
progressive process. This process involves the
tissues that generate and transport electric
impulses in a most varied pattern, with fibrosis,
ectasis, and variable degrees of vascular sclerosis
in several areas, which explains why this disease
presents almost all the isolated or combined
classified arrhythmias, like any other cardiopa-
thy. With the dilation of the heart chambers and
propagation of the inflammation to the endocar-
dium, intracardiac thrombus frequently occur,
especially in the terminal phases, generating
embolus and infarctions in several organs,
among which the most important is the central
nervous system.

Chronic Digestive Form
In the chronic digestive form of the disease, the
clinical manifestations result from dysperistalsis
of the esophagus and colon caused by destruction
of the myenteric plexuses, which consequently
leads to megaesophagus and megacolon.
Complications include esophageal cancer,
obstruction with twisting, and colon necrosis.

Congenital Form
The congenital form of Chagas disease seems to
occur solely in pregnant women who have
a lesion in the placenta that favors penetration
by T. cruzi through the chorionic villi, where
amastigote forms multiply (probably in
Hofbauer cells) and subsequently invade the
fetal circulation (Bittencourt 1963; Carlier and
Torrico 2005).

Chagas Disease, Gastrointestinal Aspects,
Fig. 1 T. cruzi-infected heart muscle cells. Hematoxylin
and eosin. Magnification: 1000�
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Clinical Features

• Incidence
A century after its discovery, Chagas disease
remains a neglected tropical disease, and
approximately 15 million people are infected
in Latin America (Coura and Dias 2009).

• Age and Sex
Chagas disease can infect anyone, but is diag-
nosed most often in children. There is no sex
predilection.

• Site
Since its discovery in 1909, Chagas disease
started to be considered as one of the possible
causes of an endemic condition in Brazil,
known as choking disease (“mal de engasgo”),
in which the symptoms are the same as those of
achalasia of the esophagus (www.fiocruz.br/
chagas). Choking disease is characterized by
the loss of esophageal peristalsis and lack of
lower esophageal sphincter relaxation in
response to deglutition, with a consequent dif-
ficulty in the ingestion of food, being most of
which retained in the esophagus, causing
a progressive dilatation of the organ. The sim-
ilarity between the two conditions led many
authors to believe that this was a single morbid
entity. What distinguished them was the
unusual frequency of choking disease in cer-
tain regions of Brazil, in contrast to the rarity of
achalasia in all parts of the world.

About 10% of infected individuals develop
the gastrointestinal form of the illness, which
can result in megaesophagus and/or mega-
colon. This is frequently associated with car-
diac disease, constituting the mixed chronic
form. Although isolated cases of autonomic
disorders of the esophagus have been
described in the acute phase of the disease,
these occur mostly in the chronic phase, when
the dysperistalsis and spasms are accompanied
by enlargement of the esophagus. The salivary
glands, especially the parotid glands, are
hypertrophied in patients with mega-
esophagus, a fact commonly occurring in
any obstructive esophageal disease as
a consequence of the esophagosalivary reflex,
which produces hypersalivation. In Chagasic

patients, however, the salivary glands are more
sensitive to the mechanical stimulus of masti-
cation and to the pharmacological stimulation
by pilocarpine. In addition, hypersalivation
and parotid hypertrophy persist in
esophagectomized patients, demonstrating
that this is not simply a situation regarding
the esophagosalivary complex, but, instead,
an impairment of the innervation of these
glands in Chagas disease.

Heart disease occurs in 30–40% of the
infected individuals having manifestations
such as myocarditis, fibrosis, cardiomyopathy,
and heart dysfunction. The nervous form of
Chagas disease has been observed in human
immunodeficiency virus (HIV) positive
patients, as well as in transplanted and cancer
patients. In these cases, the specific anti-
parasite treatment is effective in parasitemia
control and leads to clinical improvement.

• Treatment
Treatment for Chagas disease focuses on kill-
ing the parasite and managing signs and symp-
toms. During the acute phase of Chagas
disease, the prescription medications
benznidazole and nifurtimox may be of benefit.
Once Chagas disease reaches the chronic
phase, medications are not effective for curing
the disease. Instead, treatment depends on the
specific signs and symptoms and can include
surgery/transplant.

• Vaccine: Current Experience
Aiming at developing a recombinant
vaccine against Chagas disease, researchers
of both Oswaldo Cruz Institute and the Interdis-
ciplinary Center of Gene Therapy at the Federal
University of São Paulo developed a synergic
work to generate recombinant adenoviruses
expressing T. cruzi antigens [trans-sialidase (TS)
and Amastigote Surface Protein 2 (ASP-2)]
(www.fiocruz.br/chagas). Genes referring to
these antigens were inserted into adenovirus
type 5 genome, which is replication deficient.
This vector is being used for the development
of several commercial recombinant vaccines.

• Outcome
The prognosis depends on the clinical form and
the complications during its evolution. Many
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cases may be asymptomatic and remain in the
indeterminate form. In the acute phase, it
depends on the patient’s age and the severity
and location of the lesions. In general, the acute
phase is very severe among children that are
less than 2 years old, and it is almost always
fatal in those with myocarditis, cardiac insuffi-
ciency, and meningoencephalitis.

The prognosis for the digestive and indeter-
minate forms is generally good, except in cases
of the digestive form with complications
(esophageal cancer, obstruction with twisting,
and colon necrosis).

In the chronic cardiac form, the prognosis
varies considerably from one case to another.
Patients with minimal lesions such as blockage
of the right branch alone or unifocal ventricular
or auricular extrasystole tend to remain stable
and most of them survive for long periods and
often end up dying for other reasons. Patients
with complex arrhythmia, multifocal extrasys-
tole, paroxystic tachycardia, auricular fibrilla-
tion, third-degree A-V blockage, or cardiac
insufficiency have a very poor prognosis.
A third group of patients with slightly
increased heart area and changeable electrocar-
diographic findings and clinical manifestations
have an uncertain prognosis.

The prognosis may also be very poor in the
congenital form, which may lead not only to
abortion and prematurity but also to organic
lesions in the liver, spleen, heart, and central
nervous system, with neurological sequelae
and mental deficiency.

Macroscopy

The most important expression of the chronic
digestive form is the endemic megaesophagus,
encountered in Central Brazil, followed by the
megacolon. Although neuronal lesions affect the
myenteric plexus in several parts of the alimentary
canal, the largest repercussions happen in the
esophagus and colon. In those anatomic places,
the content is usually solid and, therefore, more
dependent on peristaltic forces. The presence of
sphincters, either anatomic or physiological,

contributes to dysperistalsis augmentation.
Dysperistalsis then stimulates peristaltism, which
is followed by hypertrophy of the muscular layers
and, finally, by dilation or ectasis of the organs
involved. In mega digestives, there is a narrowed
cylindrical-fusiform area in the most distal portion
that transitions between the normal part and the
dilated one. The mucous membrane can present
metaplastic areas that can be detected as whitish
areas in the esophagus (squamous metaplasia).
These may seem ulcerated areas, most usually
found in the colon (stercoraceous ulcers). These
features are seen in the chronic phase of the dis-
ease, and by the time symptoms are noted, the
organisms can no longer be demonstrated in the
myenteric plexus. The emergence of malignancy
can be a complication of both conditions (mega-
esophagus and megacolon).

Microscopy

Parasitic involvement of the enteric nervous sys-
tem is common in this disease, and an achalasia-
like megaesophagus and megacolon are the most
frequent manifestations. Microscopically,
myenteric plexus appear destroyed, both in the
narrowed and in the dilated areas, and histologi-
cally, Chagas disease cannot be distinguished
from other causes of visceral neuropathy. There
is inflammatory destruction of the myenteric
plexus, with loss of up to 90% of neurons. How-
ever, the parasite is rarely visible in myenteric
plexuses.

Immunophenotype

Immunohistochemical studies with polyclonal
antibody for T. cruzi antigens can be used to
identify the parasite and establish the diagnosis
of Chagas disease (Carvalho et al. 2012) (Fig. 2).

Molecular Features

The diagnosis of Chagas disease can be accom-
plished through an array of strategies, depending
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upon the current phase of the disease (www.
fiocruz.br/chagas). In the initial phase of T. cruzi
infection, a large number of parasites circulate in
the blood stream, and the diagnosis can be done
by direct microscopic examination of peripheral
blood. In contrast, during the chronic phase, para-
sitemia levels are quite below the threshold detec-
tion through microscopy, and, thus, diagnosis is
mainly based on the host’s serological response or
on the in vitro amplification of the parasite popu-
lation, especially by using methodologies such as
xenodiagnosis or hemoculture. Despite its high
specificity, xenodiagnosis presents a limited sen-
sitivity, yielding parasite detection in only
20–60% of seropositive chronic patients,
depending on the endemic area studied. More-
over, both biological amplification assays may
select subpopulations of parasites, leading to dis-
tortions in the results of typing the etiological
agent and in the epidemiological data obtained.
The specificity of the conventional serological
assays has been uncertain due to the frequency
of infections by other trypanosomatids that
cohabit in the same geographical region of T.
cruzi (Leishmania spp. and T. rangeli), which
are responsible for cross-antigenicity and false-
positive results. In this sense, serological results
need to be further confirmed by a parasitological
test. Another problem related to serological diag-
nosis refers to the clinical profile of a patient,
which may not be in accordance to the humoral

response (during the first weeks of the infection,
when no serological response is observed, or after
a specific treatment, when the immune response
may last for years, even in cases of successful
treatment).

To date, the main technique tested for the iden-
tification of T. cruzi directly in the blood of
chronic patients is the molecular assay using
PCR. However, 20 years after the first reports
of the use of PCR for the detection of T. cruzi
infection, such test has not been made
commercially available yet and has been used
just in scientific research.

PCR strategy using kDNA as an amplification
target employs oligonucleotides (primers)
designed for the conserved minicircle regions,
thus amplifying a specific 120 base pair (bp)
(minicircle conserved region) or a 330 bp
fragment (minicircle variable region). This
approach has proven to be highly specific, as it
allows the successful detection of distinct T. cruzi
strains and does not recognize other protozoa
kinetoplastids. The presence of an excess of
human DNA does not interfere with the selective
parasite DNA amplification process either. In the
countries affected by Chagas disease, collecting
clinical samples in rural areas, far from the
laboratory that will perform the diagnosis, is
a common practice, and this routine may interfere
in the integrity of the sample to be analyzed.
Nowadays, PCR can be considered a gold
standard technique for the detection of circulating
parasites in Chagas disease.

The use of Real-Time PCR, a quantitative
automated approach based on the use of fluores-
cent probes (“TaqMan”) or fluorescent dyes that
have affinity to DNA molecules (“SYBR green”),
has also been employed. Such procedure is able to
measure the amplification rate of the reaction in
real time. The implementation of a quantitative
assay capable to estimate the parasite load in
Chagasic patients in a highly accurate way and
also to monitor parasitemia during specific
therapy will certainly be particularly useful as an
indicator of therapeutic efficacy. Some authors
argue that chronic or asymptomatic patients that
present extremely low or even undetectable
circulating parasite levels should present a better
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Fig. 2 Amastigote nests of T. cruzi detected by
immunohistochemistry. Magnification: 400�
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response to treatment than those with patent para-
sitemia. This observation underlines the urgent
need to join efforts for a standardization of both
conventional and Real-Time PCR protocols,
which will probably be the basis for the future
establishment of more reliable cure criteria for
patients submitted to Chagas disease therapy.

Differential Diagnosis

The differential diagnosis includes idiopathic
primary achalasia as well as other visceral neu-
ropathies. However, many of these latter disorders
lack inflammation of the myenteric plexus. Unlike
primary achalasia, Chagas disease usually
involves other organ systems (especially the
heart) or other areas of the GI tract. Nevertheless,
often the differential is resolved only clinically.
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Synonyms

Hall-Hittner syndrome

Definition

CHARGE is an acronym coined by Pagon et al.
in 1981 to describe the nonrandom association
of ocular Coloboma, Heart defects, choanal
Atresia, Retardation of growth and/or develop-
ment, Genital anomalies and Ear anomalies
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(Table 1) (reviewed in Bergman et al. 2011;
Zentner et al. 2010). These criteria were updated
by Blake et al. in 1998 to include cranial nerve
dysfunction and visceral malformations (Table 1).

A few years later, in 2001, Amiel et al. stressed the
specificity of inner ear anomalies in CHARGE
patients, and suggested these should be included
as major diagnostic criteria. Finally, in 2005,

CHARGE Syndrome, Esophagus, Table 1 Clinical criteria for the diagnosis of CHARGE syndrome

Diagnostic criteria 

Pagon et al. (1981)a Blake et al. (1998)b Verloes (2005)c

Colobomad

Choanal 
Atresia 

Ear anomalies and/or 
deafness 

Characteristic ear 
anomaliese

Abnormal semicircular 
canals 

Abnormal ear 

Cranial nerve 
dysfunctionf Rhombencephalic

dysfunctiong

Heart defects
Malformation of
mediastinal organsTraqueoesofageal

defects 

Genital hypoplasia
Hypothalamo-
hypophyseal 
dysfunctionh

Retarded growth and/or
development 

Growth deficiency 

Developmental
Delay 

Orofacial cleft

Gestalt facei

2 + 2 or 1 + 3 4 or 3 + 3 Typical = 3 or 2 + 2 

Partial = 2 + 1 

Atypical = 2 or 1 + 3 

Explanations:
aPagon, R. A., Graham, J. M. Jr., & Zonana J., et al. (1981). Coloboma, congenital heart disease, and choanal atresia with
multiple anomalies: CHARGE association. The Journal of Pediatrics, 99(2), 223–227
bBlake, K. D., et al. (1998). CHARGE association: An update and review for the primary pediatrician. Clinical Pediatrics
(Phila), 37(3):159–173
cVerloes, A. (2005). Updated diagnostic criteria for CHARGE syndrome: A proposal. American Jouranal of Medical
Genetics. Part A, 133A(3), 306–308
dColoboma of the iris, choroid, retina, and/or optic disk that may only be visible on fundoscopy
eCup-shaped ear, wide with reduced vertical height, with a triangular concha and small/absent lobes; may include middle
or inner ear malformations
fAnosmia (I), oculomotor dysfunction (VI), facial palsy (VII), sensorineural hearing loss and vestibular problems (VIII),
swallowing difficulties (IX/X)
gBrainstem and cranial nerve dysfunction
hHypogonadotropic hypogonadism, growth hormone deficiency
iBroad forehead, square face, facial asymmetry
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Verloes proposed diagnosis should be based on
the 3C-triad comprising Coloboma, Choanal atre-
sia, and abnormal semicircular Canals, and gave
a formal definition of typical, partial, and atypical
CHARGE (Table 1).

The condition was believed to be an association
until recent years, when loss-of-function mutations
in the CHD7 gene were identified as causative
in over two-thirds of patients with this clinical
diagnosis (reviewed in Janssen et al. 2012).

CHD7 is a Chromodomain Helicase DNA-
binding gene, located on chromosome 8q12.
CHD proteins act by modifying chromatin struc-
ture to alter access of the transcriptional apparatus
to its genomic template, thus interfering with gene
expression. This class of proteins is thought to
have pivotal roles in early embryonic develop-
ment, in keeping with the large spectrum of abnor-
malities described in CHARGE patients.

Over 500 different mutations affecting CHD7
have been described in CHARGE patients
(a locus-specific database is accessible at www.
CHD7.org). The mutation detection rate rises
above 90% if only CHARGE patients meeting
the diagnostic criteria of Blake et al. and/or
Verloes et al. are taken into account, indicating
CHD7mutations are the major cause of CHARGE
syndrome. There are no mutational hotspots and
recurrent mutations are rare. The mutations are
equally distributed along the coding region of
CHD7, and are mostly nonsense or frameshift.
No clear genotype/phenotype correlation has
been established, which is best demonstrated by
intrafamilial variability as observed in sib pairs,
including monozygotic twin pairs, and two gen-
eration families portraying dominant transmission
from a very mildly affected parent. Germ-line and
somatic mosaicism have been demonstrated; thus,
the recurrence risk for parents of the novo patients
is 2–3%.

Clinical Features

• Incidence
CHARGE syndrome has been estimated to
occur in 1:10,000 births. Incidence of
tracheo-esophageal anomalies varies from

19% to 29% in different series (Bergman
et al. 2011; Zentner et al. 2010).

• Age
CHARGE syndrome presents at birth.

• Sex
CHARGE syndrome affects both sexes
equally.

• Site
CHARGE is a highly variable multiple
congenital anomalies syndrome (see above).

Esophageal involvement in CHARGE
syndrome may include a range of anomalies,
most frequently esophageal atresia (EA) with
or without tracheo-esophageal fistula (TEF).

EA is a relatively common malformation,
clinically and etiologically heterogeneous,
occurring in approximately 1 in 3,500 births
(Scott 2009). EA can be an isolated finding.
However, in over half the cases, there are other
anomalies, more commonly cardiac
malformations. Complex cardiac malformations
are often associated with multiple other ana-
tomic defects and have a poorer outcome. EA
with additional anomalies can be classified as
either syndromic or non-isolated, depending on
whether a specific genetic diagnosis can be
made. A significant proportion of non-
syndromic non-isolated cases of EA/TEF can
be said to have VACTERL association
(vertebral, anal, cardiac, tracheo-esophageal fis-
tula, renal, limb defects). Besides CHARGE
syndrome, examples of other syndromes featur-
ing tracheo-esophageal anomalies are Feingold,
Pallister-Hall, and Anophthalmia-Esophageal-
Genital syndrome.

More rarely, laryngo-tracheo-esophageal
cleft (LC) may also occur in CHARGE
syndrome (Leboulanger and Garabédian
2011). LC is also a feature of Opitz/BBB and
Pallister-Hall syndromes and can be part of the
VACTERL association.

• Treatment
Treatment is supportive and site specific.

An early multidisciplinary medical and
surgical approach is required in the care of chil-
dren born with multiple congenital anomalies.
In fact, the increased survival of CHARGE
children with EA and TEF is due not only to
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improved care for these particular defects, but
also to a more aggressive approach to the
treatment of serious associated anomalies.
When appropriate, surgical repair of the
EA/TEF may be postponed by gastrostomy,
upper pouch suction, and parenteral nutrition
until concomitant problems are treated.

Concerning LC, once the cleft is diagnosed,
it is essential to determine its length to orient
the management and treatment approach. Man-
agement involves maintenance of satisfactory
ventilation, prevention of secondary pulmo-
nary complications resulting from repeated
aspirations, and adequate feeding. Endotra-
cheal intubation may be required for respira-
tory distress in severe cases. Treatment
requires endoscopic or external surgery to
close the cleft (usually performed as early
as possible to avoid complications related
to aspiration and gastric reflux).

• Outcome (Prognosis)
Life expectancy in CHARGE syndrome varies
widely and is most influenced by the combined
presence of choanal atresia and heart defects or
TEF. Feeding and swallowing difficulties as
well as gastroesophageal reflux (GER)
resulting in aspiration of secretions also con-
tribute to the mortality rate.

As such, frequent feeding and gastrointesti-
nal assessments, including combinations of bar-
ium swallow, reflux scan, and pH monitoring,
should be conducted to diagnose swallowing
dysfunction, esophageal dysmotility, GER, and
tracheal aspiration.

Regarding EA, over the past 50 years,
refinements in neonatal surgical technique,
preoperative support, anesthesia, and neonatal
intensive care have considerably improved the
outcome. It is also recognized that prompt
diagnosis with appropriate clinical manage-
ment and expeditious referral to a tertiary care
center has had a dramatic impact on the
improved survival of these infants.

Concerning LC, the prognosis is variable
depending on the severity of the LC and
associated malformations. Early diagnosis
and appropriate treatment and management
help to reduce mortality and morbidity.

Macroscopy (Gross)

EA is characterized by incomplete formation of the
esophagus. It is often associated with a fistula
between the trachea and the esophagus. Many ana-
tomic variations of EA with or without TEF have
been described. The most common variant of this
anomaly (about 80% of the cases) consists of a blind
esophageal pouch with a fistula between the trachea
and the distal esophagus, the fistula often entering
the trachea close to the carina. The proximal esoph-
ageal pouch is often hypertrophied and dilated sec-
ondary to the fetus’ efforts to swallow amniotic
fluid. The muscular pouch may also compress the
trachea, and this compression has been implicated in
the development of the tracheomalacia that is some-
times reported in these infants. The second most
common anomaly is pure atresia without TEF.
This condition is usually associated with an under-
developed distal esophageal remnant, making sur-
gical repair more cumbersome. The third most
common variation is the H-type fistula, which con-
sists of a TEF without EA. This aberration is more
difficult to diagnose clinically. If the fistula is long
and oblique, the symptomsmay beminimal, and the
condition may remain unidentified for many years
(Shaw-Smith et al. 2005).

LC is a congenital malformation characterized
by an abnormal, posterior, sagittal communication
between the larynx and the pharynx, possibly
extending downward between the trachea and the
esophagus. It results from failure of fusion of
the posterior cricoid lamina and abnormal
development of the tracheo-esophageal septum.
Five types of laryngo-tracheo-esophageal cleft
have been described based on the downward exten-
sion of the cleft, which typically correlates with the
severity of symptoms.

Microscopy

Does not apply

Immunophenotype

Does not apply
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Molecular Features

No mutation in CHD7 is specifically or more
frequently associated with tracheo-esophageal
anomalies (see above).

Differential Diagnosis

Phenocopies of CHARGE syndrome can be due to
chromosomal aberrations (namely 22q11.2
deletion) and teratogen exposure (e.g., retinoic
acid, maternal diabetes). In particular, 22q11.2
deletion syndrome has a number of overlapping
clinical features. However, TEF is more frequently
found in patients with CHARGE syndrome.
Conversely, feeding and swallowing difficulties
are not clinically useful for differentiating the two
syndromes, because of the clinical overlap between
the dysfunction of cranial nerves IX, X, and XI in
CHARGE syndrome and the dysphagia and
velopharyngeal insufficiency seen in the 22q11.2
deletion.

Interestingly, a few patients with Kallmann syn-
drome (KS, characterized by the combination of
anosmia and hypogonadotropic hypogonadism)
have been found to harbor a CHD7 mutation,
suggesting KSmight be seen as a mild presentation
of CHARGE syndrome.
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Definition

Cholera is an infectious, often fatal bacterial
disease of the intestine, caused by the Gram-
negative bacterium Vibrio cholera. Infection
with V. cholerae occurs after ingestion of
contaminated food or water. In the developed
world, shellfish is the usual cause, while in the
developing world, it is mostly water. Direct
person-to-person spread is rare but has been
implicated in hospital outbreaks and during burial
ceremonies requiring handling of intestinal con-
tents. V. cholerae also colonizes arthropods, and
flies have been postulated as potential hosts and
possible disease vectors.

Most ingested V. cholerae bacteria are sensitive
to the gastric acid barrier, and are rapidly killed.
However, some bacteria may survive transit
through the stomach by virtue of low gastric acid-
ity of a compromised host, protection within food,
rapid gastric emptying, or a large inoculum size.
Following colonization of the small intestinal epi-
thelium with the aid of flagella, V. cholerae start
producing cholera toxin, a heterodimeric protein
composed of one catalytic A subunit and five
B subunits. The A subunit is cleaved to produce
A1 and A2 fragments linked by a disulfide bond.
The B subunit pentamer binds holotoxin to the
enterocyte surface receptor, the ganglioside GM1.
Following binding of holotoxin to GM1 and inter-
nalization, A1 catalyzes the adenosine diphos-
phate (ADP)-ribosylation of a guanosine
triphosphate (GTP)-binding protein, leading to
persistent activation of adenylate cyclase. This
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increase of cyclic adenosine monophosphate
(cAMP) in the intestinal mucosa leads to
increased chloride secretion and decreased
sodium absorption, producing the massive fluid
and electrolyte loss characteristic of the disease.
Indeed, an untreated person with cholera may
produce 10–20 l of diarrhea a day, leading to
significant dehydration, electrolyte imbalance,
and death within hours.

Clinical Features

• Incidence
Globally, cholera incidence has increased
steadily since the year 2005, with outbreaks
persisting in Sub-Saharan Africa, Asia, and
more recently in Hispaniola. Cholera continues
to pose a public health problem among devel-
oping world populations without access to ade-
quate water and sanitation resources. In 2011, a
total of 58 countries from all continents reported
589 854 cases of cholera to the World Healt
Organisation (WHO), of which 32% were
reported from Africa and 61.2% from the
Americas (where a large outbreak that started
in Haiti at the end of October 2010 also affected
the Dominican Republic). Globally, however,
the true number of cholera cases is known to
be much higher (probably a tenfold). Cases of
cholera officially reported to WHO do not
account for the estimated 500,000–700,000
cases labeled as acute watery diarrhea. These
cases occur in vast areas of Central and South-
East Asia, and in some African countries, lead-
ing to great underestimation of the global
burden of this disease. AlthoughUnited Nations
members are required to report cholera to the
WHO, member states generally underreport
outbreaks of the diarrheal disease because of
the potential effect on tourism and trade.
Also contributing to underreporting is the
inability of poor countries to initiate systematic
surveillance. Another factor is that many
cholera-associated deaths in developing coun-
tries probably occur before patients reach
the hospital, so statistics are likely to be
underestimated.

• Age
Children younger than 5 years of age are the
most vulnerable to infection, with nearly half
of all cholera cases occurring in that age group.
The estimated cholera incidence rate for chil-
dren younger than 1 years is 7.3 cases per
1,000 in endemic areas, and for children aged
1–4 years, it is 7.0 per 1,000. Children in the
next age group, 5–14 years, have an incidence
rate less than one third of the youngest group,
at 2.2 per 1,000.

• Sex
Both sexes are equally affected by cholera.

• Site
The effects of cholera are initially limited to the
small intestine, where the bacteria starts pro-
ducing toxic proteins which can cause
(extreme) loss of fluids, thereby having
a prominent cardiovascular impact.

• Treatment
In most cases, cholera can be successfully
treated with oral rehydration therapy, which
is highly effective, safe, and simple to admin-
ister. Rice-based solutions are preferred to glu-
cose-based ones due to greater efficiency. If
commercially produced oral rehydration solu-
tions are too expensive or difficult to obtain,
solutions can be made. One such recipe is
composed of 1 l of boiled water, 1/2 teaspoon
of salt, and 6 teaspoons of sugar; mashed
banana is added for potassium and to improve
taste.

In severe cases with significant dehydration,
intravenous rehydration may be necessary, in
addition to replacement of electrolytes such as
potassium. Ringer’s lactate is the preferred
solution, often with added potassium. Large
volumes and continued replacement until diar-
rhea has subsided may be needed. Ten percent
of a person’s body weight in fluid may need to
be given in the first 2–4 h.

People will recover without need for
antibiotic treatment, on condition that suffi-
cient hydration is maintained. Nevertheless,
antibiotic treatment for 1 to 3 days not only
shortens the course of the disease and reduce
the severity of the symptoms, but also reduces
fluid requirements. Doxycycline is typically
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used first line, although some strains of
V. cholerae have shown resistance.

• Outcome
If people with cholera are treated quickly and
properly, the mortality rate is less than 1%.
However, with untreated cholera, the
mortality rate rises to 50–60%. For certain
genetic strains of cholera, such as the one pre-
sent during the 2010 epidemic in Haiti, death
can occur within 2 h of becoming ill.

Macroscopy

Stools resemble “rice water” and contain mucus,
although the macroscopic aspect of the intestines
is mostly unaltered and cannot be distinguished
from the intestine of a healthy individual.

Microscopy

Although direct microscopy of the stools is not
recommended, dark field microscopic examina-
tion of stool sample will often show rapidly motile
V. cholerae bacteria. Epithelial cells are also pre-
sent in the stool sample.

Despite the severity of the disease, V. Cholerae
is a noninvasive organism that causes minimal or
no histological changes in the gut. Rare, non-
specific findings such as small bowel mucin deple-
tion, degenerative surface epithelium changes, and
a mild increase in lamina propria mononuclear
cells have been described. Autopsy studies after
severe cholera disease revealed that a spectrum of
histologic changes was observed in the gut. The
most consistent finding was vascular dilatation and
congestion of the viscera. Specifically, when autop-
sies were cases performed 2–3 h post-mortem, the
small intestine was essentially intact but edema and
transudate between the epithelium and the stroma
of the lamina propria were noted. The lamina pro-
pria contained increased numbers of
cells associated with striking congestion of
submucosal blood vessels. When the time between
death and autopsy was increased, epithelial
denudation and extensive sloughing were present.
Variable degrees of smooth muscle degeneration

were also observed in the musculature of the small
intestine, characterized by patchy hyper-
eosinophilia, muscle bundle disarray, and individ-
ual myofiber fusion with loss of cell borders.
Nuclei were pale and vesicular; occasional others
small and pyknotic. Small blood vessel walls were
thickened and hyalinised with occasional exfolia-
tion of cellular elements hyalinization into the
lumens.

Immunophenotype

A rapid dip-stick test is available to determine the
presence of V. cholerae. As such, stool and swab
samples collected in the acute stage of the disease,
before antibiotics have been administered, are the
most useful specimens for laboratory diagnosis. If
an epidemic of cholera is suspected, the most
common causative agent is V. cholerae O1. If V.
cholerae serogroup O1 is not isolated, the labora-
tory should test for V. choleraeO139. However, if
neither of these organisms is isolated, it is neces-
sary to send stool specimens to a reference labo-
ratory. Infection with V. cholerae O139 should be
reported and handled in the same manner as that
caused by V. cholerae O1.

Differential Diagnosis

The clinical picture of severe cholera is so spec-
tacular that differential diagnosis does not present
many difficulties. Milder cholera may be similar
to other forms of gastro-enteritis (but not to
dysentery). A child above the age of 5 years who
develops acute dehydration, or dies as the result of
acute diarrhea, is always suggestive for cholera.
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Choriocarcinoma, Gastrointestinal

Helena Baldaia
Serviço de Anatomia Patológica, Centro
Hospitalar de São João, Porto, Portugal

Synonyms

Cytotrophoblast; Germ cell tumor; Nongestational
choriocarcinoma; Syncytiotrophoblast

Definition

Choriocarcinoma is an aggressive germ cell tumor
that can rarely occur in extragonadal location
(Iyomasa et al. 2003). In the gastrointestinal
tract, the occurrence of pure choriocarcinoma is
very rare, being more frequently diagnosed in
association with adenocarcinoma (Fenoglio-Pre-
iser et al. 2008a). In the esophagus, a few of the
reported cases were coexistent with squamous cell
carcinoma (Glickman and Odze 2009).

This type of tumor presents itself commonly as
massive gastrointestinal (GI) bleeding, liver hem-
orrhage from metastatic disease, or abdominal
pain (Kobayashi et al. 2005).

Choriocarcinoma is frequently associated
with markedly elevated serum human
chorionic gonadotropin (hCG) levels (Fenoglio-
Preiser et al. 2008b).

Given the rarity of this type of tumor, before
a diagnosis of primary GI choriocarcinoma
can be made, it is important to exclude the possi-
bility of an ectopic pregnancy, a teratoma, or
metastatic disease from an occult primary
(Noffsinger 2009).

Although several hypotheses have arisen,
the exact pathogenesis of this tumor is still
unknown. The most commonly accepted
mechanism is the dedifferentiation of malignant
adenocarcinoma tissue to the level of embryonal
ectoderm, retaining the ability to form
trophoblast (Kobayashi et al. 2005). An argument
favoring this hypothesis is the frequent occur-
rence of choriocarcinoma in association with
adenocarcinoma.

Clinical Features

• Incidence
The occurrence of GI choriocarcinoma is very
rare. In the stomach, the most common GI
location, it is reported to account for approxi-
mately 0.08% of all gastric cancers (Kobayashi
et al. 2005). In the esophagus and small intes-
tine, it is very rare. Presently, in the colon, there
are fewer than 10 cases reported in the litera-
ture (Harada et al. 2012).

• Age
GI choriocarcinoma occurs in adults of all
ages. In a study on 53 cases of gastric
choriocarcinoma, the mean age was 60.9
years (age range 26–83 years). Patients with
choriocarcinoma of the colon tend to be youn-
ger than those with gastric choriocarcinoma
(mean age 51.6 years; age range 29–74 years)
(Harada et al. 2012). The age range of the cases
of choriocarcinoma of the jejunum reported
was 16–49 years (Iyomasa et al. 2003).

• Sex
Choriocarcinoma occurs in both sexes. In gas-
tric choriocarcinoma, there appears to be
a slight male predominance (M/F ratio, 2.3:1)
(Kobayashi et al. 2005), while in the colon
there is a female predominance (Fenoglio-
Preiser et al. 2008c).

• Site
The stomach is the most commonly reported
site of occurrence of GI choriocarcinoma. The
lower third is the most common location (41%
of cases in one study)(Kobayashi et al. 2005).
Cases have also been reported in the esopha-
gus, small intestine, and colorectal area. In the
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latter, the left colon seems to be more fre-
quently affected (Fenoglio-Preiser et al.
2008c).

• Treatment
Surgery and multiple chemotherapy regimens
have been used as the mainstay of therapy for
choriocarcinoma. Chemotherapy is reported to
be an important part of treatment because radi-
ation and local treatment are thought to be
ineffective against choriocarcinoma, which is
characterized by rapid proliferation with
generalized metastasis (Harada et al. 2012).

• Outcome
The prognosis of choriocarcinoma is very poor.
The mean reported survivals for patients with
gastric and colic choriocarcinomas are 200 and
108 days, respectively (Harada et al. 2012).
The majority of patients have metastatic dis-
ease at presentation. Choriocarcinoma metas-
tasizes early to the lymph nodes, liver, lung,
and spleen (Fenoglio-Preiser et al. 2008a). In
a study on gastric choriocarcinomas, curative
resection, appropriate chemotherapy, and the
absence of synchronous liver metastasis
were independent favorable prognostic
factors (Kobayashi et al. 2005). The
immunohistologic detection of hCG in colo-
rectal choriocarcinomas has also been reported
as a putative biologic marker of prognostic
significance (Fenoglio-Preiser et al. 2008c).

Macroscopy

Choriocarcinomas are usually large masses
(2–18 cm with a mean size of 7 cm in a study on
gastric choriocarcinomas) with prominent necro-
sis and hemorrhage (Kobayashi et al. 2005).

Microscopy

Histology usually reveals variably differentiated
adenocarcinoma admixed with cytotrophoblastic
and syncytiotrophoblastic cells (Fig. 1). The
former forms solid sheets of clear or pale
mononuclear cells containing PAS-positive
cytoplasmic granules (Fenoglio-Preiser et al.
2008a). Syncytiotrophoblastic giant multi-
nucleated cells are easily encountered. Vascular
invasion is common (Fenoglio-Preiser et al.
2008a).

Immunophenotype

Choriocarcinomas are typically positive for hCG
in the syncytiotrophoblastic component (Fig. 1).
The cytotrophoblastic cells can be positive for
human placental lactogen (hPL). The adenocarci-
nomatous cells can also show immunoreactivity
with hCG. In fact, it has been shown that 43% of

Choriocarcinoma, Gastrointestinal, Fig. 1 Gastric choriocarcinoma. This area of the tumor shows poorly differen-
tiated adenocarcinoma admixed with atypical syncytiotrophoblastic cells, which stain for b-hCG

Choriocarcinoma, Gastrointestinal 131

C



typical colic adenocarcinomas contain hCG-
positive cells (Fenoglio-Preiser et al. 2008c) so
that the presence of hCG immunoreactivity is
insufficient to diagnose a choriocarcinoma
(Fenoglio-Preiser et al. 2008c).

Molecular Features

At the present, there are no typical diagnostically
or prognostically important molecular alterations
reported in GI choriocarcinomas.

Differential Diagnosis

As was mentioned earlier, the diagnosis of GI
choriocarcinoma implies exclusion of a primary
elsewhere. The presence of adenocarcinoma in the
vicinity of the choriocarcinomatous component is
in favor of a primary choriocarcinoma, but
a metastasis cannot be ruled out solely on mor-
phologic grounds. Large anaplastic cells can be
identified in the setting of an aggressive adeno-
carcinoma. However, even if it is possible, hCG-
positivity is not a feature of anaplastic carcinoma
cells. The positivity for hPL and the presence of
the cytotrophoblastic component allow
a differential diagnosis in this case (Fenoglio-
Preiser et al. 2008a).
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Synonyms

Campylobacter pylori gastritis; Chronic antral
gastritis; Diffuse antral gastritis; Helicobacter
pylori gastritis; Multifocal gastritis; Superficial
gastritis; Type B gastritis

Definition

Chronic gastritis refers to chronic inflammatory
diseases of the stomach, which range from mild
superficial involvement of the gastric mucosa to
severe atrophy. Generally, chronic atrophic gastri-
tis is divided into Autoimmune Metaplastic Atro-
phic Gastritis (AMAG) or type A gastritis and
Environmental Metaplastic Atrophic Gastritis
(EMAG) or type B gastritis mostly caused by
Helicobacter pylori infection. This entry discusses
especially EMAG/chronic H. pylori associated
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gastritis; for AMAG, the reader is referred to the
entry ▶ “autoimmune gastritis.” ▶H. pylori
gastritis is a chronic infectious form of gastritis
caused by spiral, flagellated gram-negative rods
and characterized by superficial chronic active
gastritis.

Clinical Features

H. pylori infection is probably the most common
cause of chronic environmental gastritis; most
people acquire H. pylori infection during child-
hood. Symptoms of chronic H. pylori gastritis
include abdominal pain, nausea, vomiting, dys-
pepsia, weight loss, iron deficiency anemia, and
ulcer-related bleeding (melena).

Transmission of infection is human to human,
with poor sanitary conditions and overcrowding
being risk factors. Infection leads to a 15–20%
lifetime risk of developing peptic ulcer disease.
Other risks of H. pylori infection include gastric
cancer and gastric mucosa–associated lymphoid
tissue (MALT) lymphoma. Various dietary factors
such as excessive salt, smoked food, lack of green
vegetables and fruits, and nitrites and nitrosa-
mines may also cause environmental metaplastic
atrophic gastritis.

• Incidence
The incidence is variable and more prevalent in
areas endemic for H. pylori infection.H. pylori
gastritis is an universal infection which is esti-
mated to affect half up to two-thirds of the
world’s population. In many developing coun-
tries, the prevalence of H. pylori infection in
adults approaches 90%. The prevalence of
H. pylori infection and subsequently gastric
ulcer disease and gastric cancer has been
steadily declining in Western countries. In the
East, however, large proportions of the popu-
lation still acquire H. pylori infection in early
childhood. Despite declining rates of H. pylori
infection in general, the prevalence rate of
H. pylori in patients who undergo endoscopy
remains significant. The incidence rate of
chronic atrophic gastritis is up to 10.9%,
depending on the patient groups investigated.

The highest incidence rate of chronic atrophic
gastritis was observed in patients with ulcer
disease and/or H. pylori infection.

• Age
There is a high prevalence rate of infection in
children, indicating that exposure to the bacte-
rium probably occurs relatively early in life.
The early phase ofH. pylori infection causes an
acute inflammatory response that is usually
asymptomatic. Chronic atrophic gastritis and
intestinal metaplasia are more often observed
above 45 years. In Japan, atrophy appears
already in patients aged 30–40 years. Atrophic
gastritis develops approximately 20 years after
the H. pylori acquisition and prevalence
increases with age.

• Sex
No sex predilection

• Site
Predominantly, the antrum is affected with
extension to the corpus; inflammation, atrophy,
and intestinal metaplasia can be multifocal.
Infrequently, some H. pylori–infected individ-
uals show a corpus-predominant pattern that
overlaps with autoimmune gastritis and lym-
phocytic gastritis.

• Treatment
The best treatment option of H. pylori infection
is proton-pump inhibitor–based triple therapy
combining a proton-pump inhibitor combined
with two antibiotics: clarithromycin (or another
macrolide), a nitroimidazole (metronidazole or
tinidazole), or amoxycillin. One-week triple
therapy cures 85–95% of infected patients.

• Outcome
H. pylori gastritis can lead to ulcer-related
bleeding in the stomach, and is associated
with gastric lymphoma and carcinoma.
Chronic atrophic gastritis is considered
a precursor condition of gastric carcinoma.
H. pylori–related gastritis in the antrum is
also a risk factor for duodenal ulcer.

Macroscopy

Endoscopic findings are variable and depend on
the stage and type of gastritis. The antrum is
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predominantly affected, while the body is rela-
tively spared. Multiple foci first appear in the
incisura angularis, the transition zone between
antrum and body. Various endoscopic findings
include gastric mucosal erythema or hyperemia,
erosions, atrophy, and hypertrophy with granular-
ity and nodularity. The endoscopic appearance
may even be normal, placing emphasis on the
value of histological examination for H. pylori
gastritis or by detection of urease in mucosal
specimens by the CLO test or urea breath test.

Microscopy

H. pylori gastritis is a chronic infectious form of
gastritis caused by spiral, flagellated gram-
negative rods and classically characterized by
superficial chronic active gastritis. H. pylori
organisms can be found especially in the mucous
layer covering the gastric mucosa in both the
corpus and antrum. Sporadically, the organisms
can be present in biopsies of the cardia. Often,
surface erosions and ulcers are present. Epithelial
changes include irregularity and degeneration of
epithelial cells with a reduction in the mucin con-
tent of the cytoplasm, an increase in nuclear size,
and presence of one or more prominent nucleoli.
Bacterial toxins, such as Vac A and Cag A, urease,
ammonia, acetaldehyde, and phospholipases that
have a direct effect on epithelial cells, cause these
changes. At the base of the foveolae, there is an
increased mitotic activity, reflecting a more rapid
cell turnover. Features of epithelial damage and
regeneration are not specific; they appear in biop-
sies of all forms of gastritis and reactive chemical
gastropathy.

H. pylori gastritis is characterized by an infil-
trate of neutrophils and mononuclear cells in the
superficial portion of the mucosa. In all cases of
active H. pylori gastritis, neutrophilic activity is
present; however, sometimes, multiple biopsies
have to be examined to detect focal infiltration
(Fig. 1). The neutrophils can be observed in the
lamina propria, with prominent infiltration in the
surface epithelium and pits with formation of
crypt abscesses. The amount and density of
intraepithelial neutrophils is correlated with the

extent of mucosal damage andH. pylori infection.
Neutrophilic infiltrate will dissolve after success-
ful treatment of H. pylori. Eosinophils are often
observed in biopsies, but their pathogenetic role is
unknown. In H. pylori gastritis, the chronic cellu-
lar infiltrate contains an increase in CD4+ and
CD8+ T-lymphocytes, B-lymphocytes, plasma
cells, monocytes, and mast cells. The superficial
gastric stroma normally contains some chronic
inflammatory cells, and it may be difficult to
assess whether the amount of inflammatory cells
are normal or increased; there is no simple satis-
factory method of objective measurement though
a maximum has been defined of 2–5 lymphocytes,
plasma cells, and macrophages per high power
field. Especially the presence of plasma cells is
an important indicator of an inflammatory
response, since plasma cells are sparse or absent
in the gastric mucosa of healthy persons. Chronic
inflammation disappears slowly after eradication
therapy ofH. pylori, and it may take over a year to
see a marked decrease in the chronic inflamma-
tory infiltrate (Fig. 2). In a later stage of chronic
gastritis, the inflammation spreads deeply to
involve the whole thickness of the mucosa with
the formation of prominent lymphoid follicles
especially in the region of the angulus. These
lymphoid aggregates with germinal centers are
characteristic of chronic H. pylori gastritis. The
presence of a dense population of lymphocytes
with infiltration in the epithelium should raise

Chronic Gastritis, Fig. 1 Chronic active gastritis in
a patient with H. pylori infection. There is a dense plasma
lymphocytic infiltrate admixed with neutrophilic inflam-
mation and gradual loss of glands
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the suspicion of a mucosa-associated lymphoid
tissue (MALT) lymphoma.

Other features of chronic gastritis include atro-
phy, defined as loss of glandular tissue with thin-
ning of the mucosa and intestinal metaplasia. The
loss of glands may follow erosion or ulceration of
the mucosa or may result from prolonged inflam-
mation where individual glands undergo destruc-
tion. Normally, three to four antral gland cross
sections are observed; in the case of atrophy, this
is reduced to two or fewer cross sections. Glands
with a pyloric appearance, indicated as fundic
antralization or spasmolytic polypeptide
expressing metaplasia (SPEM), replace the native
glands in the corpus. Discriminating between
pseudopyloric and true antropyloric glands can
be difficult. Pseudopyloric glands differ from
true pyloric glands in that pseudopyloric glands
do not possess G cells, which can be confirmed
using an immunostain for gastrin. Furthermore,
pseudopyloric glands contain both pepsinogens
I and II whereas true antral glands show only
pepsinogen II. Atrophy is often accompanied by
intestinal metaplasia, characterized by the pres-
ence of goblet cells and absorptive cells. Intestinal
metaplasia has been categorized into complete
and incomplete forms. With the use of histochem-
istry for mucin, intestinal metaplasia has been
divided into three main types according to mor-
phology and glycoprotein content with variable

risk for development of gastric cancer. In 1–2% of
gastric biopsies, pancreatic metaplasia is detected;
pancreatic acinar-like cells are characterized by
abundant cytoplasm, acidophilic and finely gran-
ular in the apical and middle portions and baso-
philic in the basal compartment, arranged in nests
or lobules among gastric glands. The presence of
pancreatic metaplasia is associated with intestinal
metaplasia and chronic gastritis; its significance
remains unclear.

Chronic non-H. pylori–related gastritis can be
caused by long-term use of proton-pump inhibi-
tors and antibiotics. Both can reduce or suppress
inflammation or infection, resulting in the absence
of H. pylori organisms. The organisms may be
focal and sparse and not easily identified in
biopsies.

The updated Sydney-Houston System guide-
lines can be used to generate systematic, uniform
diagnostic reports when a full set of biopsy spec-
imens is available of patients with gastritis.
A grading system for the morphological variables
is useful in the evaluation to translate the histo-
logical observation into well-defined topographic
patterns or for comparison purposes. The features,
graded into mild, moderate, and marked, include
the amount of H. pylori organisms, neutrophils,
mononuclear cells, atrophy in the antrum and
corpus, and intestinal metaplasia. Diagnoses
related to chronic gastritis generated according
to the recommendations of the updated Sydney
System include chronic active antrum-
predominant H. pylori gastritis, chronic active
corpus-predominant H. pylori gastritis, chronic
active H. pylori nonatrophic pangastritis, and
chronic active H. pylori multifocal atrophic gas-
tritis. However, in routine practice, only one or
two gastric biopsies are provided and the Sydney
system cannot be applied.

Although updated Sydney-Houston System
guidelines brought some uniformity, they do not
provide information about gastric cancer risk. The
recently established OLGA staging system (Oper-
ative Link for Gastritis Assessment) aims to trans-
late the histopathological data into a standardized
report with information on the gastric condition
(topography and extent of the atrophic changes)
and sub-grouping of patients by cancer risk

Chronic Gastritis, Fig. 2 Biopsy shows chronic gastritis
with plasma cells and lymphocytes. There is intestinal
metaplasia and atrophy of the corpus typical for
environmental atrophic metaplastic gastritis
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using the Sydney-Houston five biopsy protocol.
The gastritis stage results from the combinations
of the atrophy score (at the single biopsy level)
with the atrophy topography (as obtained by
gastric mapping). Another proposed classification
system used intestinal metaplasia as a phenotypic
marker of atrophy (OLGIM – Operative Link on
Gastric Intestinal Metaplasia Assessment).

Immunophenotype

H. pylori organisms may be identified on hema-
toxylin and eosin (H&E); however, often addi-
tional stains are used to identify or confirm their
presence, such as a modified Giemsa or an
immunostain for H. pylori (Fig. 3). Special stains
are particularly useful in detecting coccoid forms
of H. pylori. Alcian-blue and periodic acid Schiff
stain can be useful to demonstrate (focal) intesti-
nal metaplasia. For the suspicion of atrophy in the
corpus, gastrin stains can be used.

Molecular Features

Molecular tests to discover H. pylori organisms
include a polymerase chain reaction (PCR)-based
detection ofH. pylori using various genetic targets
such as 23S ribosome, Vac A, urea, and Cag
A gene.

Differential Diagnosis

– Focally enhanced gastritis is seen in patients
with Crohn’s disease.

– Autoimmune gastritis: The antrum is normal in
autoimmune gastritis, which is not the case in
EMAG. The corpus shows atrophy with
a marked reduction of oxyntic glands, intesti-
nal metaplasia, and enterochromaffin-like
(ECL) cell hyperplasia. Unlike in autoimmune
gastritis, the gastrin level in chronic H. pylori
associated gastritis is low or normal.

– Organisms that cause Helicobacter heilmanii-
gastritis are longer, spiraled, and less tightly
adherent to surface foveolar cells than H.
pylori. It is responsible for circa 0.3% of
cases and treatment is equal to H. pylori
gastritis.

– The lymphoid hyperplasia inH. pylori gastritis
can raise suspicion for low-grade MALT lym-
phoma. The infiltrate in MALT lymphoma
extends below the muscularis mucosae, while
H. pylori gastritis causes predominantly super-
ficial inflammation. Immunostains for CD20
and CD3 demonstrate a reactive pattern in H.
pylori gastritis consisting of mixed T- and B-
lymphocytes.
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Synonyms

CD117; C-Kit synonyms include C-Kit;
Mast/stem cell growth factor receptor Kit; p145
c-kit; PBT; Piebald trait protein; Proto-
oncogene c-Kit; Proto-oncogene tyrosine-protein
kinase Kit; SCFR; Soluble KIT variant 1;
Tyrosine-protein kinase Kit; v-kit Hardy-
Zuckerman 4 feline sarcoma viral oncogene-like
protein

Definition

C-Kit (CD117) is an antibody that identifies the C-
Kit protein.

Molecule Type and Chemical Structure

C-Kit belongs to the type III receptor tyrosine
kinase (RTK) subfamily, whose members include
platelet-derived growth factor receptors a and b
(PDGFRa and PDGFRb) (Roskoski 2005). All
type III RTKs contain five immunoglobulin-like
domains in their extracellular ligand-binding
region followed by a single transmembrane
domain and a cytoplasmic tyrosine kinase domain

interrupted by a large kinase insert. The ligand of
KIT is known as stem cell factor. C-Kit (the gene)
is transcribed and ultimately translated into the
KIT protein, a transmembrane receptor tyrosine
kinase. CD117 is an antigenic marker of the KIT
protein. As for other RTKs, stem cell factor
induces dimerization of KIT followed
by transautophosphorylation of the cytoplasmic
tyrosine kinase domain, leading to activation
of multiple signaling pathways, such as
the PI3K (phosphoinositide 3-kinase)/AKT
(serine-/threonine-specific protein kinase B) and
mitogen-activated protein kinase pathways but
seemingly not c-Jun N-terminal kinase or STAT
(signal transducer and activator of transcription)
pathways.

Physiological Relevance and Function

C-Kit belongs to the PDGF (platelet-derived
growth factor)/C-Kit receptor tyrosine kinase
family. C-Kit is a transmembrane tyrosine kinase
normally expressed by Cajal interstitial cells
(Fig. 1), melanocytes, mast cells, and germ cells.
Intact signal transduction by C-Kit is crucial for
the development and survival of germ cells, hema-
topoietic stem cells, melanocytes, mast cells, and
interstitial cells of Cajal. In normal physiology the
C-Kit ligand (also known as stem cell factor)
binds to the extracellular domain of the C-Kit
protein, resulting in receptor homodimerization
and phosphorylation of critical tyrosine residues

C-Kit (CD117), Gastrointestinal Stromal Tumors
(GISTs), Fig. 1 Expression of CD117 in Cajal interstitial
cells
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in the intracellular portion of C-Kit, thus leading
to downstream phosphorylation of intracellular
substrates that results in activation of the
Janus-associated tyrosine kinase/signal
transducers and activators of transcription
(JAK/STAT), phosphoinositide 3-kinase (PI3K),
and mitogen-activated protein kinase (MAPK)
pathways important in cell growth and
differentiation.

Relevance for Pathology

A critical understanding of the molecular patho-
genesis of GIST (gastrointestinal stromal tumor)
came from a study (Hirota et al. 1998) which first
reported activating mutations of the C-Kit
proto-oncogene in GISTs. The classification
and diagnosis of GISTs radically changed with
the recognition of the C-Kit proto-oncogene
mutation as the key molecular event in GISTs.

CD117 (cluster differentiation molecule 117)
stains approximately 95% of GISTs and the
expression is ligand independent. CD117 immu-
noreactivity in GISTs is typically strong and uni-
formly positive in a cytoplasmic pattern (Fig. 2),
although a membranous pattern of staining can be

seen (Fig. 3). Additionally, approximately 50% of
GISTs can show a dot-like pattern of expression
(Fig. 4); these tumors are more likely to be
extra-intestinal in location and may show an
epithelioid pattern of growth. The absence of
CD117 staining in GISTs occurs in approximately
5% of the cases and may associate with a
mutated platelet-derived growth receptor-alpha
(PDGFR-A) gene. These CD117-negative GISTs
typically have an epithelioid morphology and
occur in the omentum or peritoneum. The markers
for PDGFR-A and DOG1 (discovered in GIST 1)
were reported to have high sensitivity and speci-
ficity in the diagnosis of C-Kit-negative GISTs
(Wong 2011).

C-Kit (CD117), Gastrointestinal Stromal Tumors
(GISTs), Fig. 2 CD117 cytoplasm expression in GIST
tumor cells

C-Kit (CD117), Gastrointestinal Stromal Tumors
(GISTs), Fig. 3 CD117 membrane and cytoplasm expres-
sion in GIST tumor cells

C-Kit (CD117), Gastrointestinal Stromal Tumors
(GISTs), Fig. 4 Dot-like expression of CD117 in tumor
paranuclear GIST cells
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CD117 immunoreactivity is not restricted to
GISTs and has been reported in a number of other
neoplasms includingmelanoma,mastocytosis, renal
cell carcinoma, and germ cell tumors. Sarcomas that
have been reported to stain with C-Kit include
angiosarcoma, clear cell sarcoma, Ewing sarcoma/
primitive neuroectodermal tumor, neuroblastoma,
and Kaposi sarcoma; very focal CD117 staining
can be seen in retroperitoneal leiomyosarcomas
and liposarcomas. Intra-abdominal desmoid-type
fibromatosis may display minimal cytoplasmic
staining in up to 5% of the cases.

The vast majority of GISTs are characterized
by gain-of-function mutations in C-Kit, which
lead to constitutive, uncontrolled activation of
the receptor signaling cascade and resultant
unchecked cell growth. Gain-of-function C-Kit
mutations have been identified in several
different “hot spots” in the gene, most in exon
11 (coding the justamembranar intracellular
regulatory region) and then in exon 9 (coding the
extracellular ligand-binding region) and exon 13
(coding an intracellular tyrosine kinase region),
which results in constitutive activation of the C-
Kit receptor and is thought to promote prolifera-
tion and/or decrease apoptosis. Approximately
5% of GISTs harbor mutations in the gene
encoding the homologous receptor tyrosine
kinase PDGF receptor-a (PDGFRA), most
in exon 18. Most of GISTs display C-Kit or
platelet-derived growth factor alpha (PDGFR-A)
mutations. Approximately 5–10% of GISTs
have no identifiable mutation in either the C-Kit
or PDGFRA gene and are classified as “wild-
type” GISTs; nearly all pediatric GISTs are
wild type.

Although C-Kit gene mutations almost
always result in CD117 immunoreactivity,
CD117-positive lesions do not invariably indicate
a C-Kit mutation. For example, approximately
25% of neurofibromatosis type I (NF1) patients
develop GISTs that stain with CD117 and CD34
(cluster differentiation molecule 34) but lack C-Kit
gene mutations. Instead, these lesions have the
typical NF1 (17q11.2) gene mutations that are
found in NF1-associated neurofibromas.

C-Kit is a transmembrane glycoprotein
receptor tyrosine kinase with homologies to

the platelet-derived growth factor (PDGF)
and granulocyte-macrophage colony-stimulating
factor (GM-CSF) receptors, making it a recent
favorite target of molecular therapy with the, so
far, approved small molecules (imatinib and
sunitinib) that are tyrosine kinase inhibitors
(Lennartsson and Rönnstrand 2006; Corless
et al. 2011). Imatinib inhibits phosphorylation of
the C-Kit in GIST and analogous molecules in
other conditions, the bcr (breakpoint cluster
region protein)/abl (named for a researcher
whose last name was Abelson) gene kinase prod-
uct of the t (9; 22) transformation in chronic
myeloid leukemia and of PDGFRb mutation
in dermatofibrosarcoma protuberans. Response
of GISTs to imatinib may be predicted based
on the presence of exon-specific mutations in the
C-Kit gene. Patients with tumors harboring exon
11 C-Kit mutations have better response
rate compared with response rates of those
with exon 9 mutations. Patients with no
detectable C-Kit or PDGFRa mutation usually
demonstrate no response to imatinib and may
respond to sunitinib treatment. Patients with
exon 11 mutations pursue longer progression-
free survival times than other patients.
The mechanisms of acquired resistance to
imatinib include secondary mutations in exon 17
of C-Kit and may predict outcome in response to
sunitinib, a second-line treatment approved for
patients with intolerance or (primary/secondary)
resistance to imatinib treatment of GISTs.
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Coeliac Disease

Arzu Ensari
Department of Pathology, Ankara University
Medical School, Sihhiye, Ankara, Turkey

Synonyms

Coeliac sprue; Gluten-induced enteropathy or
gluten-sensitive enteropathy (GSE); Nontropical
sprue

Definition

Coeliac disease (CD) is a chronic inflammatory
disorder of the small intestine characterized by
malabsorption after ingestion of wheat gluten or
related proteins in rye (secalins) and barley
(hordeins) in individuals with a certain genetic
background. The pathogenesis involves a
T cell-mediated immune response and autoreactive
B lymphocytes that produce autoantibodies
directed against gliadin, endomysium, or tissue
transglutaminase in individuals with a genetic sus-
ceptibility related to HLA-DQ2 and HLA-DQ8.
The diagnostic scheme of GSE consists of clinical
history and symptomatology, HLA subtyping, sero-
logic testing (tTG, EMA, and AGA), histological
findings in proximal small intestinal biopsy, and
clinical and serological (optionally histological)
response to a GFD.

Clinical Features

• Incidence
Current estimates show that the incidence is at
0.5–1% in wheat-eating populations such as
Western Europe and North America, while

the incidence continues to rise in Eastern soci-
eties, possibly, as a result of “western-style”
eating habits.

• Age
The mean age of diagnosis is in middle
adulthood.

• Sex
Coeliac disease is diagnosed in women more
often than in men. The estimated male to
female ratio is 1:3.2.

• Site
The damage to the small intestinal mucosa
classically involves the proximal small intes-
tine including duodenum and upper jejunum
and extends distally for a variable length into
the ileum. Currently, many investigators
believe that CD can exhibit a patchy
distribution; that is, areas with villous flatten-
ing may occur in proximity to areas with mild
villous shortening and also areas with normal
histology, particularly, in pediatric patients.

• Treatment
The treatment of CD involves the exclusion of
the antigen from the diet. Lifelong gluten-free
diet is the only way to treat these patients.
Following treatment, clinical remission can be
restored within few months, while healing of
the small bowel mucosa may take at least
6 months and may even prolong up to
24 months after treatment with GFD.

• Outcome
Patients with incomplete or no response to
GFD are considered within the context of
refractory sprue. Diagnosis of refractory sprue
is rarely made and should be strictly limited to
patients with clinical features of CD not
responding to GFD for at least 6 months. It
can be either primary, as lack of initial response
to diet, or secondary, as unresponsiveness to
diet in the form of a relapse. Primary refractory
sprue can include many different pathologic
conditions mimicking CD, comprising collag-
enous sprue, ulcerative jejunitis, lymphocytic
colitis, collagenous colitis, and EITCL.
Patients with long-standing malabsorption
can develop EITCL as the most frequent fear-
some complication of CD. They usually suffer
from severe malabsorption refractory to GFD,
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causing weight loss and complications such as
perforations, bleeding due to ulcerative
lesions. Histopathologically, the mucosa is
flat with ulcerations. An atypical population
of neoplastic lymphocytes infiltrate the
mucosa. Lymphoma cells are pleomorphic
large cells that are double-negative (CD8�
and CD4�) with cell surface markers but
almost always positive with CD30 which is
also associated with poor prognosis. Patients
with CD have a more than 30-fold increased
risk of developing adenocarcinoma of the
small bowel compared to general population.

Macroscopy (Endoscopy)

In most patients with flat mucosa, the duodenum
shows typical endoscopic features described as
mosaic appearance, scalloping, or reduction of
duodenal folds.

Microscopy

Histologic evidence of CD depends on abnormal-
ities in either architecture (villous shortening and
crypt hyperplasia) or the number of IELs or both. In
its classical form, CD results in shortened, widened
villi or even totally flat mucosa with hyperplastic
crypts. Overall thickness of the mucosa remains
relatively unchanged, but villous/crypt ratio (nor-
mally, 3:1 in distal duodenum and 2:1 in bulbus)
decreases as the villi become shortened. These
architectural changes are preceded by an increase
in the number of IELs over the normal numbers,
corresponding to the cell-mediated immune nature
of the disorder. The normal upper limit of IELs is
accepted as 20 lymphocytes/100 enterocytes (a
ratio of 1 IEL per 5 enterocytes) in H&E sections,
whereas 25 IELs/100 enterocytes (or a ratio of 1:4)
in CD3 immunostained slides are considered as the
upper limit of normal. There is a heterogenous
population of inflammatory cells in the lamina
propria comprising plasma cells which locally pro-
duce AGA and EMA antibodies, T cells which
include predominantly helper T cells, as well as
few cytotoxic cells, neutrophils, eosinophils, and

mast cells found in varying numbers. However,
none of these changes is specific to CD, and
IELosis with architectural changes effecting villous
to crypt ratio remains as the main diagnostic
parameters.

Marsh classification is being used to grade
mucosal damage in CD comprising (i) infiltrative
lesion (Figs. 1 and 2), increased IELs in the villus
epithelium in an otherwise normal mucosa with
normal villous/crypt ratio (Marsh type 1); (ii)
hyperplastic lesion, crypt hyperplasia with normal
villi showing increased IELs (Marsh type 2); (iii)
destructive lesion (Figs. 3 and 4), flat mucosa with
crypt hyperplasia and increased IEL (Marsh type
3); and (iv) atrophic lesion, flat mucosa with crypt

Coeliac Disease, Fig. 2 Normal villus with T lympho-
cytic infiltration in the epithelium (anti-CD3 IHC; �200)

Coeliac Disease, Fig. 1 Duodenal mucosa with normal
villi showing IELosis (H&E; �100)
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hypoplasia and mild inflammation (Marsh type
IV). It is usually observed in refractory sprue
patients or patients who develop enteropathy-
induced T cell lymphoma (EITCL). The cutoff for
the number of IELs has not been defined in Marsh
classification. The updated classification proposed
by Oberhuber et al. has indicated that 40 IELs/100
enterocytes should be the cutoff point for normal,
a figure possibly derived from jejunal mucosal
biopsies which used to be taken previously for the
diagnosis of CD. They have also subgrouped
type 3 flat mucosa into three grades (grades
3A, 3B, and 3C) with regard to the severity of
villous atrophy. This classification has the

potential to cause significant reproducibility
problems leading to increased intra- and
interobserver variations due to the greater num-
ber of diagnostic categories. Later, a new and
relatively simpler classification was proposed
by Corazza and Villanaci, in which lesions
characterizing CD should be classified as non-
atrophic (grade A) and atrophic (grade B) and
that grade B lesions should be split into grade
B1, characterized by a villous/crypt ratio <3/1,
while B2 is characterized by completely flat
mucosa with no detectable villi. Table 1 sum-
marizes the classification schemes of CD. In
2010 Ensari proposed a simpler classification
scheme based on the original Marsh classifica-
tion in which types 1 and 3 were identical to
original Marsh, namely intraepithelial lympho-
cytosis and flat mucosa, respectively, while type
2 was redefined as mucosa with (any degree of)
villous shortening and crypt hyperplasia as well
as intraepithelial lymphocytosis.

There is a group of patients with evidence of
gluten sensitivity but without full-blown symptoms
of sprue. Terms that have been applied to such cases
include latent, subclinical, silent, or occult CD,
gluten-sensitive disease with mild enteropathy,
low-grade enteropathy, minimally symptomatic
enteropathy, and potential CD. This form of CD is
characterized by the presence of no or only mild
changes in the proximal small intestinal mucosa,
but in recent years, mucosal expression of tTG-
specific IgA molecules as a subepithelial band has
been demonstrated in such cases by immunofluo-
rescence microscopy on fresh frozen tissue.

Immunophenotype

The vast majority of IELs are T lymphocytes,
which are mostly cytotoxic T cells expressing ab
TCR on their surface. The population specifically
expanded in GSE is the CD3+/CD4�/CD8�, gd
TCR-bearing IELs, which is only 5% of the total
in normal mucosa.

Molecular Features

No molecular feature is reported.

Coeliac Disease, Fig. 3 Flat mucosa with IELosis (H&E;
�200)

Coeliac Disease, Fig. 4 T lymphocytic infiltration of
surface epithelium in flat mucosa (anti-CD3 IHC; �200)
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Differential Diagnosis

Differential diagnosis of CD involves a great vari-
ety of disorders with architectural abnormalities
and/or IELosis (see Table 2). Complete villous
flattening usually indicates coeliac disease when
coexisting crypt hyperplasia is present. However,
there are some other entities which may cause
villous flattening and crypt hyperplasia other
than coeliac disease. The majority of disorders
causing malabsorption, on the other hand, pro-
duce mild to moderate villus blunting and crypt
hyperplasia without any specific diagnostic fea-
ture. Moreover, the recognition of mild villous
blunting is a difficult task due to biopsy artifacts
such as improper orientation of the biopsy, shal-
low biopsies which lack muscularis mucosae.
The accompanying lamina propria inflammation
and/or intraepithelial lymphocytosis should
always be searched for before making
a diagnosis. Pathologists can also be faced with
a patient with malabsorption or chronic diarrhea
and a biopsy that appears normal or near-normal
architecturally on microscopy. In the presence of
IEL increase, there are some disorders that can be
diagnosed on light microscopy with very careful
examination. In the absence of an appropriate
clinical history, a number of additional entities

can enter in the differential diagnosis of coeliac
disease based on the histologic features, including
tropical sprue, bacterial overgrowth syndrome,
and various drug toxicities such as colchicine. In
tropical sprue, the characteristic histology results
from a postinfectious enteritis. A travel history
and serologic studies for infectious microorgan-
isms may help determine the possibility. In bacte-
rial overgrowth in addition to villous atrophy, the
degree of active inflammation of the villi and

Coeliac Disease, Table 1 Classification of CD

Marsh 
1992

Oberhuber et al.
1999

Corazza & 
Villanaci
2005

Ensari
2010

Type 0 - -

Type 1 Type 1 Grade A Type 1

Type 2 Type 2

Type 3 Type 3a

Type 3b

Type 3c

Grade B1

Grade B2

Type 2

Type 3

Type 4 Type 4 -

Coeliac Disease, Table 2 Conditions that are included in
the differential diagnosis of GSE

IELosis
Villous shortening/
flattening

HP-associated
gastroduodenitis

Microvillus inclusion
disease (MID)

Non-gluten food
hypersensitivity

Autoimmune enteropathy

Infections Tropical sprue

Bacterial overgrowth Refractory sprue

Drugs (primarily NSAIDs) Collagenous sprue

IgA deficiency Radiochemotherapy

Common variable
immunodeficiency

Graft versus host disease
(GVHD)

Crohn’s disease Nutritional deficiencies

Small bowel allograft
rejection

EITCL
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crypts is more severe than coeliac disease. A prior
history of surgery may be found in these patients.
In some patients receiving colchicine treatment,
features simulating coeliac disease can be seen.
The histologic features comprise of ring mitoses
and loss of goblet cell polarity.
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Collagen Vascular Disorders,
Esophagus

J. Alberto Pereira da Silva
Serviço de Reumatologia, Hospital de S. Maria,
Lisbon, Portugal

Synonyms

Collagen diseases, esophagus; Connective tissue
diseases, esophagus

Definition

Collagen vascular disorders include some multi-
system diseases of unknown etiology associated
with autoimmunity.

In Collagen vascular disorders, the involvement
of the esophagus varies widely accordingly to the
particular disease.

In these diseases the esophagus involvement is
more important in scleroderma (see Scleroderma,
esophageal), dermatomyositis/polymyositis (DM/
PM), mixed connective tissue disease (MCTD),
and Sjogren syndrome (SS).

In rheumatoid arthritis (RA) esophagus disease
(esophagitis, ulcers, candidal esophagitis) may
occur in consequence of the use of drugs like
nonsteroidal anti-inflammatory drugs, steroids,
and immunosuppressors. Esophagus involvement
is not frequent in SLE (less than 5%), but some
patients complain of dysphagia as a result of
dysmotility; many of these patients also present
Raynaud’s phenomenon. In SLE dysphagia may
also be caused by gastroesophageal reflux disease
and esophageal candidiasis.

In dermatomyositis/polymyositis the involve-
ment of the esophagus is characterized by myosi-
tis of the striated muscles in its superior third and
of pharynges and may result in dysphonia, dys-
phagia, and aspiration pneumonitis which may
lead to life-threatening bacterial pneumonia. In
15–50% of patients, there is smooth muscle
involvement which results in dysmotility and
reflux; in this case the clinical problems are
similar to those observed in scleroderma
(see ▶ Scleroderma, Esophageal).

In MCTD esophagus dysmotility is observed in
60–80% of patients which present the overlap with
scleroderma; these patients often complain of
heartburn or dysphagia. In those patients where
the clinical features of myositis are predominant,
dysphonia and aspiration pneumonia may be
important features of the disease.

Dysmotility was found in 33% of patients with
SS, using manometry. About 75% of patients with
SS present dysphagia caused and aggravated by
xerostomia. Strictures were reported in 10% of SS
patients.
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Clinical Features

• Incidence
In rheumatoid arthritis, it is believed that
disorders of the esophagus are those caused
by drugs or are unrelated to RA. The preva-
lence of RA ranges from 0.3% to 1.5%, and the
incidence was estimated to be 32 per 100,000
population.

In SLE the esophagus is involved in less
than 5%. Prevalence of SLE is 15–50 per
100,000 and the incidence 2–8 per 100,000
per year.

Dysphagia occurs in 60% of patients with
PM/DM; this may be due to striated muscle
involvement of pharynges and upper esopha-
gus and/or due to involvement of the smooth
muscles of the two inferior thirds of the esoph-
agus. The incidence of PM/DM is less than 10
per million per year. Juvenile-onset DM has an
incidence of two to three cases per million per
year.

MCTD prevalence is 2.7–3.8 per million.
The estimated prevalence of SS is 0.5–5%

depending on the diagnostic criteria; about
50% of SS is secondary to RA, SLE, or
scleroderma.

• Age
RA is most commonly present in women rang-
ing from 40 to 50 years.

SLE has its main incidence between 15 and
45 years.

Polymyositis/dermatomyositis most often
begins between 40 and 60 years; the mean
age of onset is 10 years in juvenile DM/PM.

MCTD is usually diagnosed in the fourth
decade of life.

SS may appear after the menarche, but most
of the patients are affected after the age of 55
years.

• Sex
Collagen vascular disorders are more common
in females.

RA occurs in two to four females for each
male.

In SLE and SS there is a wider difference of
genders (9:1).

DM has a female preponderance of 2:1.
When in association with other connective
tissue diseases, the female-to-male ratio
increases to 10:1. In contrast there is the same
frequency in both genders in malignancy-
associated DM.

In MCTD the female-to-male ratio ranges
from 3:3 to 9:1.

• Site
In collagen vascular disorders esophageal
involvement has two different patterns
according to the site:

Myositis concerns the striated muscles
of the superior third of esophagus and pharyn-
ges in dermatomyositis/polymyositis and
MCTD.

Dysmotility of the two inferior thirds
with or without gastroesophageal reflux
may occur in scleroderma, MCTD, SS, and
SLE.

• Treatment
Treatment of myositis of striated muscle needs
aggressive use of pulse steroids and intrave-
nous gamma-globulin.

Treatment of dysmotility and gastroesopha-
geal reflux is similar to the treatment used in
scleroderma for these conditions (see Sclero-
derma, esophageal).

• Outcome
Esophageal and pharyngeal myositis is of par-
ticular concern in PM/DM and MCTD and
may be a life-threatening situation when
resulting in bronchial aspiration and bacterial
pneumonia. Dysmotility and gastroesophageal
reflux may interfere with the outcome in the
individual patient when complications such as
ulcers, hemorrhage, strictures, or candidal
esophagitis appear.

Macroscopy

In collagen vascular disorders the macroscopic
involvement of the esophagus results from
dysmotility and gastroesophageal reflux (stric-
tures, esophagitis) or the use of drugs (esophagi-
tis, ulcers, and candidal esophagitis).
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Microscopy

Biopsy of the esophagus is not used for the diag-
nosis of these diseases but may be important when
ulcers or Barrett’s metaplasia are present or
suspected.

Immunophenotype

Collagen vascular diseases are characterized by
the presence of autoantibodies.

Antinuclear antibodies are present in the serum
of patients with collagen vascular disorders in
particular in SLE (95%) and SS (75%), but its
specificity is low. They may be found in other
conditions such as autoimmune thyroiditis, auto-
immune liver disease, neoplasms, and infections;
moreover, they may be caused by several drugs,
and its presence may be found in healthy people
(up to 35% over 65 years of age).

Anticitrullinated peptide antibodies are found
in 80–90% of patients with RA, are more specific
for this disease than rheumatoid factors (RF), and
are in association with patients presenting more
cartilage and bone lesions. RF are present in the
serum of 60–80% of RA patients but may be
found as well in 50% of SLE and 75% of SS
patients.

Autoantibodies against double-stranded DNA
are specific for SLE and are present in 60% of
patients. Anti-Sm antibodies (from “Smith”) are
also highly specific for SLE, are associated with
renal involvement, and are present in 5–25% of
patients.

Anti-SSA (Ro) antibodies are detected in 60%
of primary SS, and antibodies to SSB (La) are
present in 40% of patients with SS; both may be
found in RA, SLE (35%), and PM/DM. In SLE
the presence of anti-SSA in pregnant patients is
associated with neonatal lupus and fetal heart
block (risk: 1 in 15 to 20 patients).

Anti-ribonuclear protein (U1 RNP) antibodies
and in particular antibodies to the 70 kDa antigen
are associated with MCTD.

Anti-Jo-I (anti-histidyl-tRNA synthetase) anti-
bodies are present in 20–40% of patients with PM/
DM and anti-Mi-2 with DM.

Differential Diagnosis

In collagen vascular disorders impaired motility
and the use of antacids, antibiotics, and immuno-
suppressors predispose to candidal esophagitis.

Inclusion body myositis should always be
considered in the differential diagnosis of PM.
It is more frequent in men older than 50 years.
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Collagenous Colitis

Arzu Ensari
Department of Pathology, Ankara University
Medical School, Sihhiye, Ankara, Turkey

Synonyms

Chronic watery diarrhea; Microscopic colitis

Definition

Collagenous colitis (CC) is defined as a chronic
nondistorting colitis with the deposition of
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characteristic thick collagen band immediately
beneath the surface epithelium. This layer has an
irregular, jagged lower edge and consists of col-
lagen fibers, inflammatory cells, and capillaries.
The average collagen width has been reported as
10–20 mm, compared with the normal basement
membrane width of up to 3 mm. Patients with CC
generally suffer from chronic watery diarrhea.
Colonoscopy is usually normal or near normal.

Clinical Features

• Incidence
The reported incidence is between 1 and 2 in
100,000.

• Age
Primarily affects middle-aged or older adults.

• Sex
There is slight female predominance over
males as 1.8:1.

• Site
CC involves the entire colon in a patchy fash-
ion. In some cases there may be rectal or left
colonic sparing.

• Treatment
Most patients with CC require anti-
inflammatory therapy with either steroids or
5-ASA compounds.

• Outcome
Spontaneous remission may occur in CC.
Rarely, a diverting ileostomy may be necessary
in refractory patients. There are normal periods
in between diarrheal periods.

Macroscopy

The endoscopy is normal in the majority of
patients. A few may show erosions, linear ulcers,
or pseudomembranes.

Microscopy

Low power reveals an eosinophilic amorphous
subepithelial band with an intact crypt architec-
ture and an increase in lamina propria

inflammatory cells superficially (Fig. 1). Higher
magnification shows increased plasma cells and
eosinophils in the lamina propria and patchy
IELosis with surface epithelial damage. The
surface epithelium may be stripped off from the
underlying collagen band. Though there is no real
consensus how thick the collagenous band should
be, the average collagen width is usually greater
than 10 mm, compared with the normal basement
membrane width of 2–5 mm. However, measure-
ments as thick as 70 mm for collagen deposition
have been reported. The lower edge of the
collagen layer usually shows an irregular contour;
capillaries and inflammatory cells are entrapped
within the collagen layer (Fig. 2). The collagen
deposition can be patchy in distribution and thick-
ness can be variable along the length of the colon,
hence requiring multiple biopsies for diagnosis.
A common pitfall for the diagnosis is the misin-
terpretation of the basement membrane as colla-
gen deposition in poorly oriented, tangentially
sectioned biopsies. A trichrome stain is a useful
ancillary technique because it allows the identifi-
cation of the presence of collagen. The density of
the inflammatory cells in the epithelium and lam-
ina propria is increased in CC. The composition of
the infiltrate is also changed. Eosinophils may be
markedly increased and are sometimes seen infil-
trating crypt and surface epithelium together with
lymphocytes. The number of mast cells and
lymphocytes may also be increased. Neutrophils

Collagenous Colitis, Fig. 1 A thick subepithelial band
with jagged lower edge in a mildly inflamed colonic
mucosa (H&E; �100)
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are often present and may induce occasional crypt
abscesses.

Immunophenotype

The collagen band consists predominantly of
type VI collagen and tenascin, with lesser
amounts of collagen types I and III.

Molecular Features

There is no known molecular feature attributed
to CC.

Differential Diagnosis

Thickening of the collagen band can be seen in
other conditions such as lymphocytic colitis, IBD,
enema effect, radiation colitis, ischemia, divertic-
ular disease, mucosal prolapse, diabetes, and
hyperplastic polyps. In these conditions however
the inflammatory changes necessary for the diag-
nosis of CC are not present. Amyloid colitis can
also show thickened eosinophilic material under-
neath the surface epithelium. This can be identi-
fied with specific stains such as Congo red. Drug
damage is a category that can be much more
difficult to distinguish from CC. There are many

drugs that have diarrhea as a side effect.
A relatively small subset of these medications
are associated with histologic abnormalities in
mucosal biopsies. Among these medications,
NSAID substances are most commonly associ-
ated with gastrointestinal symptoms. Among
their many toxic effects, several NSAIDs have
been associated with endoscopic and histologic
changes identical to CC. Whether the association
is coincidental or causal is not clear. In some
reports, patients respond entirely to withdrawal
of NSAIDs, while in others, symptoms and
histologic changes persist despite withdrawal of
NSAIDs. In practice, a history of NSAID use
should be sought in patients with a new
diagnosis of CC. If possible, these medications
should be discontinued prior to labeling the
patient with a chronic colitic condition. Other
medications that have been reported to result in
CC include carbamazepine and lansoprazole.
Pseudomembrane formation has been reported in
association with CC by several groups. None of
these reported cases showed C. difficile-positive
stools. Overall, the clinical outcome of these
patients in this retrospective series is similar to
that of patients with classic CC without pseudo-
membrane formation. Histologically, the pseudo-
membrane seen in collagenous colitis consists of
neutrophils, necrotic debris, fibrin, and, occasion-
ally, detached epithelium. Collagenous colitis
should therefore be added to the list of differential
diagnoses for patients with pseudomembranous
colitis. The presence of associated pseudo-
membranes supports the hypothesis that collage-
nous colitis may be caused by a toxic and/or
ischemic mechanism. The coexistence of CC
with IBD and autoimmune disorders such as
celiac disease, thyroid disease, enteropathic
arthritis, rheumatoid arthritis, myasthenia gravis,
Sjogren’s syndrome, scleroderma, pernicious ane-
mia, and sarcoidosis has also been reported.

References and Further Reading

Fernández-Bañares, F., Salas, A., Esteve, M., et al. (2003).
Collagenous and lympho-cytic colitis: Evaluation of
clinical and histological features, response to treatment,

Collagenous Colitis, Fig. 2 Epithelial detachment with
IELs and subepithelial collagen band containing blood
vessels and inflammatory cells (H&E; �200)

148 Collagenous Colitis



and long-term follow-up. The American Journal of
Gastroenterology, 98, 340–347.

Lazenby, A. J., Yardley, J. H., Giardiello, F. M., et al.
(1990). Pitfalls in the diagnosis of collagenous colitis:
Experience with 75 cases from a registry of collagenous
colitis at the Johns Hopkins Hospital. Human Pathol-
ogy, 21, 905–910.

Lindstrom, C. G. (1976). ‘Collagenous colitis’with watery
diarrhoea: A new entity? Pathologia Europaea, 11,
87–89.

Widgren, S., Jlidi, R., & Cox, J. N. (1988). Collagenous
colitis: Histologic morphometric immunohistochemi-
cal and ultrastructural studies. Report of 21 cases.
VirchowsArchiv Anatomy, 413, 287–296.

Yuan, S., Reyes, V., & Bronner, M. P. (2003). Pseudo-
membranous collagenous colitis. The American Jour-
nal of Surgical Pathology, 27, 1375–1379.

Langner C, Aust D, Ensari A, Villanacci V, Becheanu G,
Miehlke S, Geboes K, Münch A. (2015). Working
Group of Digestive Diseases of the European Society
of Pathology (ESP) and the European Microscopic
Colitis Group (EMCG). Histology of microscopic coli-
tis-review with a practical approach for pathologists.
Histopathology, 66(5), 613–626.

Collagenous Gastritis

Helena Baldaia
Serviço de Anatomia Patológica, Centro
Hospitalar de São João, Porto, Portugal

Synonyms

Microscopic gastritis

Definition

Collagenous gastritis is a rare entity characterized
by the presence of an irregular and discontinuous
subepithelial band of collagen of more than 10 mm
in thickness in the gastric mucosa (Ravikumara
et al. 2007).

The pathogenesis of this disease is still
unknown. The most commonly accepted hypoth-
esis is that the striking collagen deposition repre-
sents a reparative process subsequent to mucosal
damage from chronic inflammation, an infectious
agent, or toxic injury. This is supported by the fact

that Type I and Type III collagen are associated
with repair and have been demonstrated in the
subepithelial collagen band present in this condi-
tion. An abnormality of the pericryptal fibroblast
sheath or leakage of plasma protein with replace-
ment with collagen has also been proposed to
explain the collagen deposition (Ravikumara
et al. 2007).

Clinical Features

• Incidence
Collagenous gastritis is a rare disorder with
scarce reports in the literature since its first
description in 1989 (Ravikumara et al. 2007).

• Age
This entity has been reported in a wide age
range (1–77 years) (Jain and Chetty 2010).
Clinical aspects have allowed segregation into
two separate age groups, a pediatric-onset
(children and young adults) and an adult-
onset form, which is the most frequent.

Pediatric collagenous gastritis is associated
with severe anemia, sometimes with upper GI
bleeding, and a nodular mucosa on endoscopy
and is typically limited to the stomach.

Adult-onset collagenous gastritis is, on the
contrary, frequently associated with collage-
nous colitis, presenting with chronic watery
diarrhea. There have been reports of associa-
tion with immune-based disorders such as
celiac disease, ulcerative colitis, Sjogren’s syn-
drome, and autoimmune hemolytic anemia
(Ravikumara et al. 2007).

• Sex
The rarity of the condition has not allowed
setting a difference in gender distribution.
However, in pediatric cases of collagenous
gastritis, there seems to be a slight female
predominance (Jain and Chetty 2010).

• Site
Gastric involvement is more often found in the
body and fundus. However, involvement of the
antrum and diffuse gastric involvement have
also been reported.

In the pediatric-onset collagenous gastritis,
the disease is characteristically confined to
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the stomach. In the adult-onset form, there is
often association with collagenous colitis
(Suskind et al. 2009).

• Treatment
Specific therapy has not been established.
A number of therapies have been used (corti-
costeroids, ranitidine, omeprazole, 5-ASA, and
hypoallergenic diets) with unreliable results
(Ravikumara et al. 2007).

• Outcome
The natural history of the disease is still
unknown. There have been reports of
symptomatic relief with persistence of the
histological and endoscopic findings (Jain and
Chetty 2010).

In adults, the disease is characterized by a
chronic intermittent course (Suskind et al. 2009).

One report on pediatric collagenous gastri-
tis found that a child developed psoriasis and
achalasia and another child developed diabetes
mellitus (Ravikumara et al. 2007). In the 12-
year follow-up of the first case reported in
1989(a 15-year old girl), study of subsequent
biopsies showed a lower number of antral gas-
trin cells and a significant corpus endocrine cell
hyperplasia, suggesting, to the authors, an
increased risk of endocrine neoplasia. Further-
more, the same study showed chronic atrophic
gastritis, intestinal metaplasia, and epithelial
changes indeterminate for dysplasia in these
biopsies (Winslow et al. 2001).

Macroscopy

The most common endoscopic findings are
nodularity and erythema of the gastric mucosa,
particularly in the fundus and corpus. Mucosal
erosions and diffuse thickening have also been
described (Suskind et al. 2009).

Microscopy

Collagenous gastritis is a histological diagnosis.
Gastric biopsies reveal a thickened, irregular band
of collagen in subepithelial location which is more
than 10 mm thick (usually between 10 and 25 mm)

and frequently has entrapped inflammatory cells
and dilated capillaries (Fenoglio-Preiser et al.
2008). It is believed that the anemia that character-
izes the pediatric form stems from chronic bleeding
from these dilated capillaries (Ravikumara et al.
2007). The inflammatory infiltrate is mainly com-
posed of mononuclear cells with a number of neu-
trophils and eosinophils. The collagen band is
irregular, showing a ragged transition to the lamina
propria. There is frequently intraepithelial lympho-
cytosis (often exceeding 20 per 100 epithelial cells)
and some degree of epithelial damage (Suskind
et al.. 2009).

Histochemistry

The collagen band may be highlighted with the
Masson trichrome stain.

Differential Diagnosis

The typical subepithelial collagen deposition
allows a differential diagnosis with other fibro-
sis-associated lesions, such as scleroderma or
changes associated with autoimmune gastritis or
radiation therapy, in which the fibrosis is usually
interstitial (Fenoglio-Preiser et al. 2008).
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Synonyms

Large bowel; Large intestine

Anatomy

The colon extends distally from the ileocecal
valve to the anus and is subdivided into cecum,
ascending, transverse, descending colon, sigmoid
and rectum (Fig. 1).

The cecum, appendix, ascending and proximal
portion of the transverse colon (right colon) are
derived from midgut, while the distal transverse,
descending, sigmoid colon and rectum (left colon)
are derived from hindgut. The colon comes to lie

in its final position in the abdominal cavity
through a complex series of rotations.

The large intestines have omental appendices
which are small, fatty, omentum-like projections.

The teniae coli are thickened bands of smooth
muscle representing most of the longitudinal coat
and begin at the base of appendix as the thick
longitudinal layer of the appendix splits to form
three bands: T.mesocolica, T.omentalis, and
T.libera. Mesocolon attach to T.mesocolica on
cecum and transverse colon, and omental appen-
dices attach to T.omentalis. Since the teniae are
shorter than intestine, the colon becomes saccu-
lated between the teniae, forming haustra.

The right colon receives its blood supply from
the superior mesenteric artery, parasympathetic
nervous innervation from vagus nerve, and
sympathetic innervation from the superior
mesenteric ganglia. The left colon receives its
blood supply from the inferior mesenteric artery,
parasympathetic innervation from sacral nerves
S2, S3, and S4 through the nervi erigentes; and
sympathetic innervation from the inferior mesen-
teric ganglia. Venous drainage is predominantly
portal. Veins from entire colon and that part of the

Colon, Anatomy and
Histology, Fig. 1
Anatomic parts of colon
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rectum served by the superior rectal artery drain
into the portal system, but veins from the remain-
der of the rectum drain into systemic circulation.
Portal-systemic anastomoses occur by communi-
cation of the superior rectal with the middle and
inferior rectal veins.

Interaction between colon and peritoneal mem-
brane varies according to anatomic subdivision.

The cecum is defined as the saccular part of
colon and the first part of the large intestine that is
continuous with the ascending colon. Cecum has
no mesentery and is completely intraperitoneal, so
it is mobile within right iliac fossa. The ileocecal
valve is a combination valve and weak sphincter,
actively opening periodically to allow entry of
ileal contents and forming a largely passive one-
way valve between the ileum and the cecum,
preventing reflux.

The ascending colon is the second part of the
large intestine. It passes superiorly on the right
side of the abdominal cavity from the cecum to the
right lobe of liver, where it turns to the left at the
right colic flexure (hepatic flexure). It is covered
by peritoneum anteriorly and separated from the
anterolateral abdominal wall by the greater
omentum.

The transverse colon is the third longest and
most mobile part of the large intestine. It extends
in abdomen from right colic flexura to the left
colic flexure. The transverse colon is suspended
by transverse mesocolon and its descending level
various according to body type. The root of the
transverse mesocolon lies along the inferior
border of the pancreas and is continuous with the
parietal peritoneum.

The descending colon locates a secondarily
retroperitoneal position between the left colic
flexure and the left iliac fossa. The peritoneum
covers the colon anteriorly and laterally and
binds it to the posterior abdominal wall. As it
descends, the colon passes anterior to the lateral
border of the left kidney.

The sigmoid colon is typically S-shaped,
suspended by sigmoid mesocolon. It is highly
variable in length and disposition and ends in
rectosigmoid junction.

The rectum is the distal 8–15 cm of extra-
peritoneal large bowel which is placed between

pelvis and end part of anal canal. Its upper third is
covered by peritoneum both anteriorly and later-
ally; more distally it becomes progressively
devoid of serosal covering. Retroperitoneally
and subperitoneally, the rectum is surrounded by
a fatty mesorectum, which contains lymph nodes
and is enveloped by an embryologic plane of
cleavage that is called the mesorectal fascia. This
whole mesorectal fatty tissue is removed during
mesorectal excision for carcinoma of the rectum,
and it is vital for the pathologist to examine its
entire circumferential margin.

Function
The colon is the site where water is absorbed from
the indigestible residues of the liquid chyme,
converting it into semisolid stool or feces that is
stored temporarily and allowed to accumulate
until defecations occurs. The colon is an absorp-
tive organ for electrolytes, bile salts, and other
substances produced by bacterial degradation.
On a daily basis, about 1 L of fluid enters the
colon from ileocecal valve, and this is reduced to
about 100 ml that is eliminated. The histologic
organization of he colon reflects its functions
(resorption of water and elimination of undigested
material, feces). Elimination is provided by the
secretion of mucus that lubricates and protects
the mucosa from the luminal contents. Large
intestine has immune and endocrine functions,
like the small intestine. Lymphoid follicles and
immune cells play important roles in this immune
function. Heterogeneous population of endocrine
cells provides its endocrine function.

Size
In normal adults, the length of the colon is vari-
able and ranges 0.8–1.5 m. The cecum is a blind
intestinal pouch, approximately 7.5 cm in both
length and breadth. The ascending colon is
15–20 cm in length and extends up to the hepatic
flexure. Transverse colon is somewhat u shaped
mobile segment, 30–60 cm in length. The length
of the sigmoid colon and its mesentery is very
variable measuring 20–85 cm, with average
length of about 40 cm. The rectum continues for
10–15 cm to the dentate line. The rectum is longer
in men than in women.
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Macroscopy

The large bowel is hollow muscular organ which
begins at ileocecal valve and at the anus.
The cecum has the largest diameter and is nestled
in the right iliac fossa. The diameter of the colon
decreases as it proceeds distally so that lumen of
sigmoids is considerably smaller than that of
cecum.

Externally, the presence a complete mesentery
suggests the transverse or sigmoid colon, while
the flaring of teniae and gradual loss of
peritoneum denotes the rectum. The greater and
lesser omentum are attached to the transverse
colon in the immediate vicinity of an adjacent
teniae.

Internally, the surface of the large intestine has
typically series of haustra. Numerous, fine innom-
inate grooves which run mainly transversely
across the mucosa can be seen in every milimeter.
Those grooves are actually crypt opennings.
Mucosal lymphoid nodules can occasionally be
seen as tiny dimples. They increase progressively
in frequency from cecum to rectum.

Lymph nodes draining the large intestine can
be divided into two major groups: those that lie
immediately adjacent to the bowel wall (paracolic
and pararectal nodes), and those that follow the
course of the blood supply.

Microscopy

The colon wall is composed of mucosa, submu-
cosa, muscularis propria, subserosa, and serosa.
The mucosa contains epithelium, lamina propria,
and muscularis mucosae. Function of the colon is
to reclaim luminal water and electrolytes. The
surface epithelium is composed of single layer of
columnar to cuboidal absorptive cells, which have
shorter and less abundant microvilli than those in
the small intestine and goblet cells. The crypts
have a tubular, test tube-like shape, and are
rearranged parallel to each other (Fig. 2).
Occasional branching crypts or slight architec-
tural distortion may be seen in rectum and sigmoid
colon and in areas adjacent to lymphoid aggre-
gates (Fig. 3). The epithelial cells that reach the

mucosal surface undergo apoptosis, and apoptotic
bodies may be seen on either side of the basement
membrane. Apoptosis is infrequent within crypts.
The crypt epithelium contains mature absorptive
cells and goblet cells, but in addition, it has imma-
ture and undifferentiated precursor cells, endo-
crine cells, and Paneth cells. Goblet cells show
positivity with diastase-PAS, alcian-blue, and
high iron-diamine reaction. Precursor and endo-
crine cells are seen mostly at the base of the
crypts. Paneth cells are normally present only in
the cecum and proximal right colon. Endocrine
cells are found throughout the length of the
large intestine but tend to increase in frequency
distally. Serotonin-containing enterochromaffin

Colon, Anatomy and Histology, Fig. 2 Normal colonic
mucosa

Colon, Anatomy and Histology, Fig. 3 Disorientation
of crypts due to colonic lymphoid agregate
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cells and neurotensin-containing N cells are most
numerous in the proximal colon; L cells are pre-
dominant distally.

Lamina propria of large intestine has a highly
organized, loose connective tissue which provides
a supporting scaffold for the epithelium and peri-
cryptal sheath of myofibroblasts. Macrophages,
plasma cells, histiocytes, eosinophils, lympho-
cytes, and sometimes mast cells are seen in lamina
propria. The plasma cells, mostly IgA containing
with occasional IgM and IgG varieties, are mostly
located in upper zones of mucosa. The density of
eosinophils varies depend on different geographic
areas.

Intraepithelial lymphocytes can be prominent
in epithelium overlying lymphoid aggregates.

In the lamina propria of the large bowel, the
lymph vessels are limited to the area immediately
above the muscularis mucosa.

Immunophenotype

Colonic epithelium shows immunoactivity with
CK20, pCEA, mCEA, villin, CDX2, AE1/AE3
and negative staining with CK7. Immunostaining
for mucin profile shows positive immunoactivity
in surface and crypt goblet cells with MUC1,
MUC2. MUC3 shows positivity in surface
cells but not in crypt cells. Intraepithelial cells
are positive with CD3, CD45RO. Plasma cells in
lamina propria show positivity with CD79a,
CD138.
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Synonyms

Anal wart

Definition

Anal condyloma is a benign squamous epithelial
lesion caused by Human Papilloma Virus (HPV)
infection.

Several pathways can transmit HPV: sexual
contact, autoinoculation, or contact with infected
materials. The incubation period usually lasts 2–3
months before the development of condyloma.
HPV 6 and 11 are the cause of over 90% of the
exophytic anal warts (anal condyloma
acuminatum), and they tend to be associated
with low-grade dysplastic cellular changes (or
anal intraepithelial neoplasia – AIN), and with
other low-risk HPV subtypes such as 16 and 39.
HPV 16 and 18 are responsible for most of the
chronic infections that cause flat squamous
lesions, often with high-grade dysplasia, favoring
the development of squamous cell carcinoma
(with other high-risk subtypes of HPV such as
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 69).

Risk factors for the development of anal or
perianal warts are: immunosuppression (iatro-
genic on long-term steroids for connective tissue
diseases or autoimmune disorders, transplant
recipients, or HIV-induced), concurrent genital
HPV-related diseases, anal intercourse, number
of sexual partners, history or presence of other
sexually transmitted infections, chronic irritation,
and poor personal hygiene.
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Clinical Features

Anal condyloma presents as exophytic lesion of
the perianal zone (anal margin) or the anal canal
(Fig. 1). Most patients are asymptomatic and can
be diagnosed incidentally in the management of
another anal or colorectal disease or found
through screening with anal cytology in selected
patients. Some patients may experience pruritus,
mild burning, anal discharge bleeding, or irrita-
tion. The diagnosis is made primarily on visual
inspection. Clinical impression may be confirmed
by a biopsy in special circumstances, when the
diagnosis is uncertain or when the lesions fail to
respond to treatment.

• Incidence
Anal condylomas are diagnosed in 20–30%
of homosexual men. The prevalence among
sexually abused children varies widely from
5% to 33%.

The exact prevalence of AIN in the general
population is unknown although the incidence
is probably rising. The prevalence of AIN
ranges from less than 1% to 5% in non-
immunosuppressed patients to 3–5% in renal
allograft recipients, 30% in women with HPV
disease, and 26–89% in HIV patients.

• Age
Anal condyloma is usually diagnosed in young
sexually active women and men. The preva-
lence of AIN decreases in older women. Inmen
having sex with men, anal condyloma can be
diagnosed in older patients, and the prevalence
of AIN in HIV-negative men who have sex
with men does not change with age.

The significance of anal warts in children
has been debated, because they may suggest
sexual abuse, but other ways of transmission
cannot be excluded (hetero-inoculation by
caregivers or self-inoculation with cutaneous
types of HPV).

• Sex
Anal condylomas occur regardless of gender
but are specially frequent in HIV-infected
homosexual men.

• Site
Anal condyloma occurs in the skin of the peri-
anal region or in the squamous epithelium lin-
ing the anal canal or the anal transitional zone.

• Treatment
Anal condyloma and AIN can be treated by
cryotherapy, CO2 laser, or topical application
of podophyllin, imiquimod, or trichloroacetic
acid. AIN can also be treated by dynamic pho-
totherapy. Larger lesions can be treated by
local surgical excision.

• Outcome
Most perianal condylomas harbor low-risk
HPV (HPV 6 and 11) and have a minimal risk
of progression to cancer. Those of the anal
canal are more often associated with high-risk
HPV (HPV 16 and 18) andmay develop malig-
nancy, particularly in immunocompromised
patients. The reported incidence of squamous
cell carcinoma of the anus in patients with anal
condyloma is 3–4%.

The natural history of AIN is uncertain.
Low-grade AIN may spontaneously regress

Condyloma, Anal, Fig. 1 Anal condylomas of the anal
margin, with multiple exophytic verrucous lesions
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but high-grade AIN rarely regresses. AIN
seems to pursue a more aggressive course in
HIV-positive patients. Progression from low-to
high-grade AIN is seen in 62% of HIV-positive
and 36% of HIV-negative men having sex with
men in a 2-year follow-up. The risk of progres-
sion of AIN to invasive anal cancer approxi-
mates 10% at 5 years. Patients most at risk of
invasive cancer are those with multifocal dis-
ease and immunosuppression. At least, regular
6-month surveillance is recommended for
immunocompromised patients and yearly for
immunocompetent patients. Follow-up should
be closer for patients with high-grade AIN,
every 3 months. The recurrence rate of anal
condyloma is high after treatment, ranging
from 20% to 60%.

Macroscopy

Anal condylomas can be single or multiple. They
usually measure from 2 to 5 mm, but they may
grow to form large confluent masses. They present
as papular lesions or acuminate cauliflower-like
masses, with a slightly verrucous surface, and
harbor a pinkish to salmon red or more grayish
or whitish color (Fig. 1). Flat non-exophytic con-
dylomas are more difficult to diagnose and may
require high resolution anoscopy (HRA) and ace-
tic acid test for identification.

Microscopy

Anal condyloma is a polypoid and verrucous
squamous lesion. It is composed of papillary
excrescences lined by hyperkeratotic and
hyperplastic squamous epithelium (Fig. 2). The
cytopathic effect due to HPV is characterized by
the presence of cytoplasmic keratohyaline gran-
ules of different sizes, shapes, and stainability
within vacuolized granular cells in the upper
layers of the epidermis. It is also characterized
by the presence of koilocytic changes with cells
in the upper epidermis showing vacuolated
cytoplasm with perinuclear cavitation and an
enlarged and hyperchromatic nucleus with

irregular nuclear membranes, with sometimes
binucleation (Fig. 3). Some condylomas show
evidence of low-grade AIN, with architectural
disorganization, nuclear atypia, and mitoses in
the lower half of the epithelium (low-grade squa-
mous intraepithelial lesion – LSIL) (Fig. 4).

High-grade AIN is characterized by architec-
tural disorganization, encompasses the upper half
of the epithelium, and consists of round squamous
cells, smaller than those of normal epithelium.
These cells have a basophilic cytoplasm and
a high nuclear cytoplasmic ratio, with an enlarged
atypical nucleus, and with sometimes atypical
mitoses, reaching the upper half of the epithelium
(Fig. 5).

Anal cytology screening, as a diagnostic tool,
can be used in patients with high-risk factors of

Condyloma, Anal, Fig. 2 Anal condyloma, with hyper-
papillomatous and hyperkeratotic squamous epithelium

Condyloma, Anal, Fig. 3 Cytopathic effect of HPV in an
anal condyloma
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AIN, such as men having sex with men,
immunosuppressed patients, and patients with
a concurrent HPV infection in another site. Anal
screening has a sensitivity that ranges from 47%
to 90% and a specificity that ranges from 16% to
92%. There is a moderate interobserver agreement
for cytology specimens. Detection of DNA of
HPV by hybrid capture testing and p16

immunoreactivity in anal cytology specimens
can be useful to enhance the diagnostic perfor-
mances of anal cytology. However, patients with
abnormal cytology should be evaluated by HRA
and AIN has to be confirmed by histopathological
examination of anal biopsies.

Immunophenotype

Some commercially available HPV immunohisto-
chemical stains and in situ hybridization tests can
be used to confirm the presence of HPV subtypes
in epithelial lesions suspicious of condyloma
acuminatum. However, these tests are generally
insensitive and HPV detection in formalin-fixed
paraffin-embedded tissue is best accomplished
using polymerase chain reaction (PCR)-based
assays. But HPV PCR is not routinely performed
due to the high cost of this labor-intensive tech-
nique. p16 and Ki-67 immunohistochemical
staining can be useful to confirm a diagnosis of
high-grade AIN. High-grade AIN tends to show
diffuse p16 staining with a band-like strong cyto-
plasmic and nuclear staining of the basal and
intermediate cell layers of the squamous epithe-
lium, with or without staining of the cells of the
superficial layers (Fig. 6). Ki67 shows an
increased number of nuclear positivity in the mid-
dle or upper third of the epithelium (Fig. 7).

Molecular Features

Molecular features of anal condyloma are still
unclear, but principally linked to HPV infection.

Differential Diagnoses

The fibroepithelial anal polyp can mimic condy-
loma acuminatum on microscopic examination. It
differs from the former by the lack of typical
koilocytic changes, and by the absence of Ki67
positive cells in the intermediate and superficial
layers of the squamous epithelium.

Reactive inflammatory changes in immature
squamous epithelium of the anal transitional

Condyloma, Anal, Fig. 4 Anal condyloma with
low-grade AIN

Condyloma, Anal, Fig. 5 Anal condyloma with
high-grade AIN
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zone can simulate the appearance of high-grade
AIN. However, contrary to high-grade AIN,
metaplastic epithelium does not show strong
band-like positivity of the basal and intermediate
layers of the epithelium with p16 immunohisto-
chemical stain.

Bowen’s disease has the same microscopic
appearance as high-grade AIN on microscopic
examination. Bowen’s disease shows a marked
epidermal hyperplasia with thickening of the
rete ridges. The entire thickness of the squamous
epithelium is disorganized with large
squamous cells with marked nuclear atypia,
abnormal mitosis, and a few small round eosino-
philic dyskeratotic cells extending from the
base to the surface of the epithelium. The horny
layer is thickened and consists of parakeratotic
cells with atypical nuclei. The lesion
sometimes extends to follicular infundibula.
However, Bowen’s disease is a distinct entity
that can be differentiated from AIN by its epide-
miological and clinical features. Bowen’s disease
can be defined as a nonkeratinizing intraepithelial
squamous cell carcinoma of the perianal skin.
It is more common in females aged over 50 and
presents as a solitary nummular, reddish, slowly
enlarging erythemato-squamous scaling and
oozing plaque. It is associated with HPV types
16 and 18. The natural history of Bowen’s disease
is relatively benign and progression to invasive
squamous cell carcinoma is observed in only
2–5% of the cases.

Bowenoid papulosis has the same micro-
scopic appearance as Bowen’s disease and
high-grade AIN. It is induced by HPV 16 but
is never transformed into invasive squamous
cell carcinoma. This distinctive entity differs
from Bowen’s disease by its epidemiological
and clinical features. Bowenoid papulosis
occurs in young sexually active adults or ado-
lescents. It presents as multiple maculo-papular
lesions, 2–10 mm in diameter, erythematous,
reddish or violaceous brown with a smooth vel-
vety surface. The lesions have a typically bilat-
eral distribution in the genital, perianal, and
inguinocrural folds. Whereas some lesions spon-
taneously regress, others may appear that in turn
may also regress.

Condyloma, Anal, Fig. 6 Strong p16 staining in
high-grade AIN

Condyloma, Anal, Fig. 7 Strong Ki67 positivity in
high-grade AIN
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Cowden’s Syndrome

Özgür Ekinci
Department of Pathology, Gazi University,
Ankara, Turkey

Synonyms

Multiple hamartoma syndrome; PTEN
hamartoma syndrome

Definition

This is an autosomal dominant condition with
hamartomatous lesions in various organs, includ-
ing the GI tract, with an increased risk of malig-
nancy in extraintestinal organs such as the breast
and thyroid. There does not seem to be sufficient
evidence to render a causal relationship between
Cowden’s syndrome (CS) and GI cancer. It is part
of the PTEN hamartoma tumor syndrome also
including Bannayan–Riley–Ruvalcaba, Proteus,
and Proteus-like syndromes.

This syndrome can be characterized by
hamartomatous lesions of the skin (trichilemmoma
is the classical lesion), benign breast lesions, uter-
ine leiomyomas, macrocephaly, mental retardation,
and Lhermitte–Duclos disease of the cerebellum,
each being present in varying rates.

The World Health Organization has put forth
the following diagnostic criteria based on the
International Cowden Consortium:

Pathognomonic criteria:
• Mucocutaneous lesions:

– Trichilemmomas, facial
– Acral keratoses
– Papillomatous papules
– Mucosal lesions

Major criteria:
• Breast carcinoma
• Thyroid carcinoma (nonmedullary), espe-

cially follicular thyroid carcinoma
• Macrocephaly (megalencephaly) (more

than 97%)
• Lhermitte–Duclos disease

Minor criteria:
• Other thyroid lesions (e.g., adenoma or

multinodular goiter)
• Mental retardation (IQ � 75)
• Gastrointestinal hamartomas
• Fibrocystic disease of the breast
• Lipomas
• Fibromas
• Genitourinary tumors (e.g., uterine fibroids)

or malformation

Operational diagnosis in an individual:

1. Mucocutaneous lesions alone if:
(a) There are six or more facial papules, of

which three or more must be
trichilemmoma.

(b) Cutaneous facial papules and oral mucosal
papillomatosis.

(c) Oral mucosal papillomatosis and acral
keratoses.

(d) Palmoplantar keratoses, six or more.
2. Two major criteria, but one must include

macrocephaly or Lhermitte–Duclos disease
3. One major and three minor criteria
4. Four minor criteria

Operational diagnosis in a family where one
individual is diagnostic for Cowden:

1. One or more pathognomonic criterion
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2. Any one major criterion with or without minor
criteria

3. Two minor criteria

Clinical Features

• Incidence
CS is estimated to be present in one individual
per million. There are, however, reports of an
incidence of 1 in 200,000.

• Age
There are no confident findings as to the age of
inflicted individuals. However, the associated
cancers present at an early age.

• Sex
As with age, the predilection for sex remains
undetermined.

• Site
CS is a multisystemic condition comprising
hamartomatous and various lesions in organ
systems deriving from all of the three germ
layers. The skin, mucosae, breast, GI tract,
uterus, and the central nervous system are at
the front.

• Treatment
The primal problem in managing these
patients is in diagnosing them correctly
and – because of the multisystemic
involvement – approaching them accordingly,
relevant to the related site and the lesion, and
the subsequent follow-up by a specialist
knowledgeable of the condition.

• Outcome
The prognosis depends largely on the correct
diagnosis and requisite management. As the
primary concern is on the breast (in female
patients, though males are not spared) and thy-
roid, a specialist in the area would be needed.
The breast cancers mostly are ductal carcino-
mas, and the thyroid tumors are follicular or
papillary carcinomas.

Macroscopy

CS affects multiple sites. For tricholemmomas,
breast lesions such as fibrocystic disease and

cancer, and thyroid carcinomas, the reader is
referred to the relevant chapters.

The GI polyps can look on gross examination
quite indifferent to adenomas or hamartomatous
polyps.

Microscopy

The polyps show a nonspecific morphology con-
sistent with a hamartomatous polyp of the GI tract.
The general appearance includes an inflamed lam-
ina propria on which are dispersed glandular
structures with roundish outlines. The epithelial
cells in these glands are columnar enterocyte-type
cells and goblet-type cells. Dysplasia is not seen,
but as with the hyperplastic polyps, the basally
located glands may have cellular features of the
“proliferative” type: larger and more crowded
nuclei, darker cytoplasm, and a less-differentiated
appearance, which should not be considered as
dysplasia.

In some Cowden polyps, a lamina propria
containing spindly cells as would be seen in
a neural sheath tumor (e.g., neurofibroma) can
occur. Other polyps may contain adipocytic cells
or ganglionic cells with associated Schwann-like
cells. Fibrous-type spindle cells can also be
encountered.

Immunophenotype

There is no specific immunohistochemical profile
to a Cowden polyp. As these are deriving from
certain parts of the GI tract, they are expected to
exhibit the epithelial profile of the relevant site,
such as a gastric polyp would be positive for
cytokeratin 7 and MUC5AC or an intestinal one
can be positive for cdx2, cytokeratin 20, etc.

Molecular Features

PTEN gene mutation is the mainstay of CS. This
gene is expressed in virtually every tissue in the
human body, especially the skin, thyroid, and
central nervous system (CNS). The PTEN protein
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normally acts as a tumor suppressor. It acts as an
inhibitor of the AKT–mTOR pathway, which
leads to cellular proliferation and survival among
other effects.

Differential Diagnosis

The main issue in distinguishing a Cowden’s
polyp from that of other hamartomatous polyposis
syndromes lies not in the morphology but the
involved organs, extraintestinal findings, family
history, and molecular features. Still, in a patient
with multiple hamartomatous polyps throughout
the GI tract, there can be a number of syndromes
in the differential diagnosis at hand, as follows.

Distinction from Peutz–Jeghers’ polyps would
necessitate the absence of tree-like musculature,
more crowded glandular proliferation, and lack of
molecular features of the latter syndrome. Peutz-
Jeghers’ polyps may lack this classical morphol-
ogy in several sites of the GI tract, especially the
stomach, where in a proven case of Peutz–Jeghers
syndrome, the polyps may appear like an inflam-
matory, hyperplastic, or juvenile polyp.

Differentiation has to be done – quite
expectedly – also from juvenile polyposis syn-
drome, which can be impossible in a single
polyp examined by microscopy. Nevertheless,
juvenile polyps – either sporadic or
syndromic – tend to have an ulcerated surface,
fewer, more irregular, and larger glandular ele-
ments, and a lobulated overall structure. They
can have foci of dysplastic change and even car-
cinomatous transformation. The so-called atypical
juvenile polyp is multilobated, larger (i.e., more
than a few centimeters), and believed to be unique
to the syndromic cases.

Bannayan–Riley–Ruvalcaba polyps are
believed to be identical to the Cowden polyps,
so molecular and/or clinical aspects should be
taken into consideration.

Hyperplastic polyps, as the state-of-the-art rec-
ommendations propose, can be divided into three
types: goblet cell, microvesicular, and the rare
mucin-poor types. Because an hyperplastic
polyp can be viewed as a “hyperplasia” of the
normal colorectal mucosal components, there is

a regularity in the pattern of distribution of the
glandular structures that resemble the normal
mucosa. Besides, especially in the microvesicular
type, serration may be found, which is not
expected in a Cowden’s polyp. For that matter,
serrated polyps are not in the differential
diagnosis.

In an hamartomatous-looking, non-dysplastic
polyp from the GI tract, if there are adipocytic or
ganglioneuromatous components, the diagnosis
of CS should be entertained and the suspicion
put in the pathology report.

For cutaneous, mammary, and thyroid tumors,
the reader is kindly referred to the relevant chap-
ters, as there is are morphological differences than
these latter in a CS patient.
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Crohn’s Disease

Karel Geboes
Department of Pathology, N. Goormaghtig
Institute, University Gent, Gent, Belgium
Department of Pathology, KU Leuven, Leuven,
Belgium

Synonyms

Regional enteritis, ileitis terminalis (the first name
used in the original paper by Dr. Burrill Crohn and
colleagues)
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Definition

Crohn’s disease is a life-long relapsing
inflammatory disease of unknown aetiology,
mainly affecting the gastrointestinal tract with
extraintestinal manifestations and associated
immune disorders. The disease can involve
different segments of the gastrointestinal tract.
Various theories have been proposed for the
pathogenesis of Crohn’s disease with implications
for specific therapies. Genome-wide association
studies identified susceptibility loci that, triggered
by environmental factors, may result in
a disturbed innate and adaptive immune response.
Dysfunction of innate immunity includes
a disturbed intestinal barrier, Paneth cell dysfunc-
tion, endoplasmic reticulum stress, defective
unfolded protein response and autophagy,
impaired recognition of microbes by pattern rec-
ognition receptors, such as nucleotide-binding
domain and Toll-like receptors on dendritic cells
and macrophages. Because of the similarities
between infectious colitis and Crohn’s disease,
infections have repeatedly been proposed as
a potential responsible factor. Thus far, however,
no single pathogenetic agent has been identified.
The prevailing concept today is either an abnor-
mal interaction between the intestinal flora and the
immune system or an abnormal composition of
the intestinal flora. Cigarette smoking is another
important harmful factor. The hypothesis imply-
ing a role for microorganisms in the pathogenesis
is strengthened by the increased familial occur-
rence of the disease as well as by the observations
obtained with genetic studies. Epidemiological
studies in monozygotic and dizygotic twins, as
well as family studies, indicate that genetic factors
may have a dominant role in Crohn’s disease. The
search for susceptibility genes had its first
success in 1996, when the first susceptibility
locus was identified in the pericentromeric region
of chromosome 16, which was called IBD1.
In 2001, a caspase recruitment domain-containing
protein, CARD15/NOD2, was found to be
mutated in 20–30% of Crohn’s disease patients,
establishing a proof of principle for the genetic
concept. Multiple mutations in the CARD15/
NOD2 gene have since been identified.

The major differences between Crohn’s
disease and ulcerative colitis are the distribution
of the lesions, presence or absence of transmural
inflammation, and the ability of Crohn’s disease
to form fistulas. Crohn’s disease is a segmental
disease with skip areas that is more prevalent
in the proximal colon and ileum, but can involve
the entire GI tract. A diagnosis of Crohn’s disease
is therefore often not based on histology alone
but confirmed by clinical evaluation and a combi-
nation of endoscopic, histological, radiological,
and biochemical investigations.

Clinical Features

• Incidence
Crohn’s disease affects individuals in many
parts of the world. The incidence differs
depending on the region studied. Studies
assessing the incidence (the number of new
cases per year per 105 inhabitants in a given
place) show that the United Kingdom, North
America, and the northern part of Europe are
the areas with the highest incidence.
A north–south axis has been found in both
Europe and in the United States, with higher
incidence and prevalence in the northern
regions. Incidence rates have increased after
the Second World War and especially since
the mid-1970s. The incidence rate in Olmsted
County, Minnesota, United States, was 1.0 in
1940–1943, while the rate in 1984–1993 was
6.9. The incidence seems to level off around
6.0 per 100,000. A plateau in incidence has
been found in five studies but a continuous
increase in incidence is demonstrated in
four other studies involving populations
from Derby, Florence, Iceland, and
Copenhagen. A Danish study found a peak
incidence among 15–29-year olds, with an
incidence rate among men and women of 5.3
and 9.1, respectively. The increase in incidence
occurred in all disease locations but was
relatively more common in colonic Crohn’s
disease. The prevalence rate in Europe varies
from less than 10 to about 150 per 100,000
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inhabitants. One study from South Korea
indicated a prevalence of 11.2.

• Age
Crohn’s disease tends to present initially in the
teens and 20s, with another peak incidence in
the 50s to 70s, although the disease can occur
at any age. From a population-based cohort
from Copenhagen county, it appears that
approximately 6% of the patients had an
onset before 15 years of age, but overall the
age at diagnosis is approximately 30.

• Sex
The sexes are affected approximately evenly,
although there is a mild female predominance
with female-to-male ratios being 1.3–1.89 to
1.0. In Japan, there is a male predominance.
The incidence is 0.51 per 100,000 (male: 0.71;
female: 0.32).

• Site
The terminal ileum and proximal colon are the
commonest sites involved, followed by the
anorectum and colon. The terminal ileum is
involved in approximately 2/3 cases. Perianal
disease is also common. The frequency varies
between 14% and 76%. The rectum may
appear unaffected in a large number of cases.
Involvement of the upper gastrointestinal tract
is uncommon, and usually associated with dis-
ease of the terminal ileum. The ileocolonic
lesions may however take time to develop,
and occasionally, Crohn’s disease can start as
isolated gastric or gastroduodenal disease.

• Treatment
CD is a chronic disorder that is not yet curable.
The induction and maintenance of symptom
improvement and, at best, the induction and
maintenance of mucosal healing are the goals
of both medical and surgical treatment. Corti-
costeroids have a favorable effect on the symp-
toms intestine but will not achieve a significant
reduction in endoscopically observed inflam-
mation. Active colonic disease may be treated
with sulfasalazine if only mildly active. Both
azathioprin and 6-mercaptopurine have
a positive effect on maintaining remission.
The introduction of antitumor necrosis factor
(TNF) agents has changed the treatment of
refractory CD. Anti-TNF agents have shown

the ability to induce mucosal healing and to
reduce the need for surgery in randomized,
placebo-controlled studies. It is not known,
however, if they can reduce the risk of recur-
rence after surgery. Complications such as ste-
noses, fistulas, and abscesses are the main
reasons for bowel resection in patients
with CD.

• Outcome
The majority of patients experience progres-
sion from inflammatory disease to the devel-
opment of strictures and fistulas. Within the
first 5 years of the disease, at least one third
of the patients have had intestinal surgery,
where ileocecal resection is the most com-
monly performed procedure. The overall mor-
tality in most studies is comparable to the
background population, although subgroups
of CD patients seem to have slightly increased
mortality. There are only few reports on sick
leave and unemployment, but overall, it is con-
cluded that having CD is correlated to an
increased unemployment rate.

Macroscopy

The macroscopic lesions of Crohn’s disease are
apparent both on the mucosal and serosal side of
the bowel wall. The length of the segments
involved is variable. The mucosal appearance is
heterogeneous. Lesions of different size (and
probably of variable duration) are simultaneously
present and found in the same surgical specimen
or seen during endoscopy. The mucosa may
appear normal or may show small, punctiform,
rounded superficial erosions, often in the proxim-
ity of the section margin. These ulcers are called
“aphthoid or aphthous ulcers.” Over a period of
time, the erosions become confluent and give rise
to larger longitudinal ulcers, which are known as
serpiginous ulcers, separated by normal-
appearing mucosa. The combination of longitudi-
nal and transverse ulceration in an edematous
mucosa is responsible for a characteristic cobble
stone aspect. More severe ulcerations with com-
plete circumferential loss of the mucosa are seen
in stenosing areas. These can be fissural ulcers
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reaching the muscularis propria. Fistulas are often
associated with strictures Strictures are character-
ized by luminal narrowing, often circular, and
bowel wall thickening with or without prestenotic
dilatation. Inflammatory pseudopolyps of the
colon and even small intestine (in approximately
20% of the cases) can be found. Usually the bowel
wall is thickened with involvement of the submu-
cosa, the muscularis propria, the subserosa, and
mesenteric fat. The serosal surface reveals
distended blood vessels and may be covered by
a fibrinous exudate, with or without adhesions to
adjacent loops. Mesenteric fat partially surrounds
the intestine, extending from the mesenteric
attachment anteriorly and posteriorly,
corresponding to the involved segment. This phe-
nomenon, known as fat wrapping or creeping fat,
is specific for Crohn’s disease (Fig. 1).

Microscopy

The histological diagnosis of Crohn’s disease in
the colon is based on the analysis of a full
colonoscopic biopsy series. Rectal biopsies are
necessary to either confirm or reject rectal
involvement and may additionally be helpful in
differentiating Crohn’s disease from other inflam-
matory lesions. Ileoscopy with biopsy is
recommended as additional step, the diagnostic
value of terminal ileum biopsies being highest in
patients with known or suspected Crohn’s disease

(Fig. 2). Focal (discontinuous) chronic inflamma-
tion, focal crypt irregularity (discontinuous crypt
distortion), and granulomas (not related to crypt
injury) are the generally accepted microscopic
features (on endoscopic biopsies). The same fea-
tures and, in addition, an irregular villous archi-
tecture can be used for samples from the ileum.
The granuloma is defined as a collection of epi-
thelioid histiocytes (monocyte/macrophage cells),
the outlines of which are often vaguely defined
(Fig. 3). Multinucleated giant cells are not char-
acteristic, and necrosis is usually not apparent. Yet
noncaseating granulomas or isolated giant cells
can be observed in other conditions such as

Crohn’s Disease, Fig. 1 Surgical specimen of small
intestine showing fat wrapping Crohn’s Disease, Fig. 2 Microphotograph of ileal biopsy

showing disturbed villous architecture and pseudopyloric
gland metaplasia

Crohn’s Disease, Fig. 3 Loosely arranged granuloma
with multinucleated giant cell in the vicinity of the
myenteric plexus
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infectious colitis (Tuberculosis) and should there-
fore not simply be regarded as diagnostic for
Crohn’s disease. Indeed, the presence of one sin-
gle feature is not regarded as sufficient for
a reliable diagnosis of Crohn’s disease. For surgi-
cal material, it has been suggested that a diagnosis
of Crohn’s disease should be made when three
features are present in the absence of granulomas,
or when an epithelioid granuloma is present with
one other feature provided that specific infections
are excluded. In young children, the diagnosis
may be more difficult although granulomas are
more common. Surgical specimens allow also
the evaluation of the transmural nature of the
disease. The presence of lymphoid aggregates in
the submucosa, the muscularis propria, in the
vicinity of the myenteric plexus, and in the sub-
serosa is a specific indicator of Crohn’s disease
(Fig. 4). They may be numerous and their pres-
ence in the muscularis propria and subserosa
together may form an appearance resembling
two or three rows of beads (rosary-bead effect).
Widening of the submucosa by edema and
fibromuscular obliteration is also very common.
Lymphangiectasias and abnormalities of the
enteric nervous system in the submucosa are
other common findings. The major structural
abnormalities of the nervous system are irregular
hypertrophy and hyperplasia of nerve fibers.

Immunophenotype

The prevailing view was that Crohn’s disease is
a primary T cell autoimmune disorder. One theory
is that the inflammation of Crohn’s was caused by
an overactive Th1 cytokine response. More recent
studies argue that Th17 is more important.
A newer view is that Crohn’s disease results
from an impaired innate immunity.

Molecular Features

Several susceptibility genes have been identified.
These include CARD15/NOD2, the organic cat-
ion transporters OCTN1 and 2 on chromosome
5q31, the Drosophila disc large homologue 5
(DLG5) on chromosome 10, and the receptor for
interleukin-23 (IL23R) on chromosome 1p31,
among others. A defective secretion or production
of local antibiotic peptides such as defensins
seems to be another defect.

Differential Diagnosis

The main differential diagnostic entities to be
considered are infectious enterocolitis, drug-
induced colitis, diverticular-disease-associated
colitis, and diversion colitis. Infectious colitis is
usually a transient disorder presenting with
sudden onset of bloody diarrhea. The distinction
between Crohn’s disease and infective type colitis
relies mainly on the absence of features which
direct toward a diagnosis of chronic idiopathic
inflammatory bowel disease (mainly architectural
distortion and basal plasmocytosis). In patients
presenting with persistent or long-standing diar-
rhea, in immigrants or in travelers, the problem
may be more difficult. Tuberculosis is
a granulomatous inflammation that also presents
as a segmental disease. It involves most com-
monly the ileocecal region, but it can also be
localized in the remainder of the colon and rec-
tum. Unlike the longitudinal serpiginous ulcers of
Crohn’s disease, tuberculous ulcers tend to be
circumferential or transverse. The diagnosis relies

Crohn’s Disease, Fig. 4 Transmural lymphoid
hyperplasia
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upon the presence of necrotizing granuloma
with giant cells, of confluent granulomas and/or
multiple granulomas (>10 per biopsy field).
Overall however, less than 5% of the mucosal
biopsies are positive. Drug-induced colitis must
be considered in middle aged patients. The main
drugs implicated are antibiotics and nonsteroidal
anti-inflammatory drugs. Diverticular-disease-
associated colitis is also more common in elderly
patients. Diversion colitis is an inflammatory
process that occurs in the bypassed colonic
segment after surgical diversion of the fecal
stream. Microscopic lesions similar to Crohn’s
disease have been reported in ileal and colonic
biopsies from patients with reactive arthritis and
ankylosing spondylitis. However, only a minority
of these patients developed genuine Crohn’s
disease.
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Synonyms

CCS

Definition

Cronkhite–Canada syndrome (CCS) was first
described in 1955 by Leonard W. Cronkhite and
Wilma Jeanne Canada as a new distinct clinical
entity, occurring in two patients with generalized
gastrointestinal polyposis, pigmentation of the
skin, alopecia, and atrophy of the fingernails and
toenails.

Is a rare, non-inherited gastrointestinal polyposis
syndrome characterized by diffuse distribution
of hamartomatous or juvenile-type polyps through-
out the gastrointestinal tract, except for the charac-
teristic sparing of the esophagus and specific
ectodermal abnormalities, including alopecia,
onychodystrophy, and skin hyperpigmentation.

CCS is a chronic disorder of unknown etiology.
An autoimmune origin has been suggested but not
proved. Other proposal theories included an infec-
tious cause, nutritional deficiency, altered intestinal
mucin production, and mast cell dysfunction.

Diarrhea is the most prominent feature, and
patients also can have weight loss, abdominal
pain, nausea and vomiting, hypogeusia, and
anorexia. The nails can have several degrees of
dystrophy, such as thinning and splitting, and
partial separation from the nail bed, onycholysis.
Hair loss usually occurs rapidly over a period of
a few weeks. In most patients, hair loss is simul-
taneous from the scalp, eyebrows, face, axillae,
pubic areas, and extremities, but in some patients,
only loss of the scalp is described. Hyper-
pigmentation areas are “lentigolike,” light to
dark brownish macules, ranging from a few mm
to 10 cm in diameter, and can be seen in the buccal
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mucosa, retina, and abdomen. Laboratory ana-
lyzes can reveal anemia, electrolyte disturbances,
or hypoalbuminemia. Paresthesias, seizures, and
tetany, apparently related to electrolyte abnormal-
ities, have also been reported.

Clinical Features

• Incidence
CCS has a worldwide distribution, and 75% of
case reports come from Japan. Is a rare disor-
der, until 2002, only 467 cases have been
reported in the literature, 354 of which were
reported by Japanese groups.

• Age
The typical onset is during middle or old age;
mean age is 59 years, with a range of 31–86
years. At the time of presentation, 80% of the
patients were over 50 years of age.

• Sex
There is slight male predominance, male-to-
female ratio is approximately 1.3–1.5:1.

• Site
CCS is a gastrointestinal polyposis syndrome
characterized by diffuse distribution of polyps
throughout the gastrointestinal tract, except for
the characteristic sparing of the esophagus and
specific ectodermal abnormalities, involving
the skin and nails.

• Treatment
Several therapies have been used in patients
with CCS. Due to the rarity of the disease,
controlled therapeutics trials have not been
possible. Nutritional support, antibiotics, corti-
costeroids, anabolic steroids, histamine recep-
tor, and surgical treatment have all been used
with varying degrees of success.

The majority of patients require nutritional
support, and this should be used in patients with
weight loss, malnourishment, or electrolyte
abnormalities but in addition to other medical
therapies, namely, corticosteroids. Aggressive
nutritional support, including electrolyte replace-
ment and parenteral nutrition when necessary, is
often utilized, and there have been reports of
patients achieving remission for more than

5 years with complete symptomatic improvement
and resolution of ectodermal changes.

Corticosteroids have been used in a large num-
ber of cases and are related with resolution of the
symptoms and ectodermal abnormalities. Steroids
such as prednisone 40 mg/day or the equivalent
should be considered the mainstay of medical
treatment. In some patients, corticosteroids were
used for induction and as a bridge to allow time
for the immunomodulatory agent, azathioprine, to
take effect.

Anabolic steroids are not recommended for
CCS treatment due to the limited data concerning
effectiveness and adverse effects. There is no
definitive evidence for an infectious etiology for
CCS, but coexisting infections, including septice-
mia, have occurred. There are no firm recommen-
dations for the use of antibiotics in the absence of
infection. A combination regimen using hista-
mine-receptor antagonist, cromolyn sodium,
prednisone, and suppressive antibiotics has also
been described. Surgical treatment should be
reserved for complications, namely, uncontrolled
gastrointestinal bleeding, intussusception, and
perforation. Routinely endoscopic exams are
important to remove large polyps ( >10 mm),
allowing the early detection of adenomas and
presumably prevention of colorectal cancer.

The symptoms and ectodermal changes are
partial or completely reversible with specific treat-
ment, and a diminution in the size and density of
polyps has also been reported, but total disappear-
ance of all polyps has not been documented.

• Outcome
Complications as gastrointestinal bleeding,
infection, and malnutrition commonly occur,
and the mortality rate has been estimated to
be 60%.

The malignant potential of CCS polyps is con-
troversial, several reports documented gastroin-
testinal malignancy in patients with CCS. There
are case reports to suggest that both typical ade-
nomatous and serrated polyp pathways may be
involved, and the overall risk of colorectal cancer
has been suggested to be as high as 20–25%,
whether the duration and/or extent of polyp
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formation accelerate the risk for neoplasia in CCS
is unknown [3]. Large polyps (> 10 mm) need to
be removed, with histological examination.

Macroscopy

Multiple sessile or semipedunculated polyps
ranging from 0.5 to 2 cm in diameter located
principally in the colon but also in the stomach
(“carpetlike” polyposis) and small intestine. The
number of polyps appeared to be greater in the
duodenum and in the terminal ileum and less in
the jejunum and proximal ileum. Other common
feature includes superficial erosion of polyps and
gross thickening of the polyp-bearing mucosa
which may contain ulcers. The mucosa thickening
is attributed to the severe edema, glandular
ectasia, and inflammation found in the lamina
propria and submucosa. In the stomach, this thick-
ening often occurs in the greater curvature and
may appear as giant rugal folds. In the small
bowel, edema and inflammation of the transverse
folds produce prominent valvulae conniventes. In
the large bowel, the edema and inflammation of
transverse folds may result in a thickening bowel
wall with normal haustrations.

Microscopy

In CCS, polyps are hamartomatous or juvenile-
type polyps. Mucosa is characterized by an intact
epithelium, proliferated tortuous glands, some of
which were cystically dilated and filled with pro-
teinaceous fluid or mucus, and edematous chron-
ically inflamed lamina propria. The mucosa often
contains engorged vascular channels, surface ero-
sions, and prominent eosinophilic infiltration. The
mucosa between the polyps showed edema, con-
gestion, and inflammation of the lamina propria
and focal glandular ectasia.

Morphologically, the gastric mucosa in CCS
resembles that seen in Ménétrier’s disease.

The polyps of juvenile polyposis coli may also
be indistinguishable from those of CCS but differ
from the latter in that the intervening mucosa is
histologically normal.

Single or multiple carcinomas, often near the
polyps, have been documented. Almost 40 cases
of colorectal cancer have been reported in associ-
ation with CCS.

Hyperpigmentation in CCS is due to an
increase of melanin in the basal layer and not to
proliferation in the number of melanocytes.

Scalp biopsy shows a marked non-
inflammatory loss of follicular units, miniaturiza-
tion of the hair shafts, markedly dilated follicles,
and a heavy deposition of glycosaminoglycans in
the reticular dermis.

Immunophenotype

A study including cases of CCS seen at Mayo
Clinic showed that immunostaining for the auto-
immune-related IgG4 antibody is significantly
increased in CCS polyps compared to juvenile
polyposis syndrome hamartomas and normal con-
trol tissue. Immunostaining for IgG4 was
performed on 42 polyps from CCS cases and on
control tissues, including 46 histologically similar
hamartomas (from juvenile polyposis syndrome)
and 20 normal mucosae. More studies concerning
this issue are needed.

Molecular Features

Not described.

Differential Diagnosis

The main differential diagnosis is sporadic juve-
nile polyps or juvenile polyposis syndrome (JPS).
Both JPS and CCS have nonneoplastic
hamartomas with cystic dilation and typical glan-
dular. Although, JPS is an inherited condition
associated with mutations in the SMAD4
(MADH4) and BMPR1A genes, does not have
the ectodermal changes typical of CCS, and
polyps do not regress with steroid treatment.
CCS polyps tend to be less pedunculated, and
the nonpolypoid mucosa of CCS is histologically
abnormal (edema, dilated crypts), while the
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mucosa between JPS polyps is normal. Despite
these differences, CCS and JPS can occasionally
be confused both clinically and histologically.

A relationship between CCS and Ménétrier’s
disease has been reported by some authors, the
gastric mucosa is similar and both are associated
with protein-losing enteropathy and symptomatic
remissions, although, Ménétrier’s disease is con-
fined to the stomach and not associated with ecto-
dermal changes.
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Synonyms

Stress-related mucosal disease; Stress ulcer

Definition

Cushing’s ulcer is considered a stress ulcer,
a condition that results from an imbalance
between gastric protection and gastric acid pro-
duction in response to a major insult (traumatic
brain injury in the case of Cushing’s ulcer). Har-
vey Cushing published in 1932 a paper with the
description of patients who postoperatively and
unexpectedly died of perforated peptic ulcers. It
was one of the first descriptions of a stress ulcer
and a treatise on the brain-stomach connection.
The lesions arise from the action of the parasym-
pathetic centers of the hypothalamus and their
connections to vagal nuclei in the medulla
increasing gastric acid production. The pathogen-
esis includes the disequilibrium between major
destructive factors like acid and pepsin and the
protective factors like mucosal blood flow,
mucous bicarbonate layer, epithelial renewal,
and prostaglandin production. On the other side,
in 1842, Curling reported 12 cases of duodenal
ulceration in burn patients establishing the
relationship of stress secondary to burns leading
to peptic ulceration. Harvey Cushing published
his theories on stress ulceration related to hypo-
thalamic lesions in 1932; these are similar lesions,
but with a different cause. The relationship
between extent of burn and frequency of ulcera-
tion has not been precisely determined, but the
majority occurs in patients with significant burns
covering 30–60% of body surface. The pathogen-
esis includes the disequilibrium between major
destructive factors like acid and pepsin and the
protective factors like mucosal blood flow (post-
burn hemoconcentration), mucous bicarbonate
layer, epithelial renewal, and prostaglandin pro-
duction. Other risk factors for stress ulcer, vali-
dated in prospective multicenter cohorts, include
burns, respiratory failure, severe coagulopathy,
and renal and hepatic failure.

Clinical Features

• Incidence
Nowadays acute gastric lesions associated with
burn injury are not commonly seen, this may

Cushing’s and Curling’s Ulcer 169

C



be due to prophylactic use of gastric protective
agents, first used in burn patients and later in
similarly critically ill patients. Old studies
described 86% of patients with gastric erosions
following large burns and 22% with the devel-
opment of gastric ulcer. Actual incidence of
gastrointestinal bleeding estimates a preva-
lence of 8.5% among intensive care unit
patients (who do not receive stress ulcer
prophylaxis).

• Age
The typical traumatic brain injury patient is
a male between 15 and 24 years of age.

• Sex
The typical traumatic brain injury patient is
a male between 15 and 24 years of age.

• Site
Stress ulcerations usually occur in the fundus
and body of the stomach, but sometimes
develop in the antrum or duodenum.

• Treatment
Medical therapy includes treatment of the
established stress ulcer that parallels that of
traditional peptic ulcer, including medical ther-
apy with proton pump inhibitors (PPI) and
endoscopic therapy in the presence of high-
risk stigmata. Nowadays prophylactic therapy
is assuming a relevant role. Clinical trials have
demonstrated that H2 blockers, PPI, and anti-
acid reduce the frequency of GI bleeding
related to stress ulceration compared to pla-
cebo or no prophylaxis. Current guidelines
suggested the use of prophylactic agents in
intensive care unit setting in the presence of
major risk factors like coagulopathy (defined
as platelet count < 50,000/ml or an interna-
tional normalized ratio (INR) > 1.5), mechan-
ical ventilation for more than 48 h, or traumatic
brain injury/burn injury. On the other hand,
some randomized trials suggested that increas-
ing gastric pH with those prophylactic agents
may increase the frequency of nosocomial
pneumonia and Clostridium difficile infection.

• Outcome
Cushing’s ulcer is one of the severe complica-
tions of traumatic brain injury with a
substantial mortality rate. Overt gastrointesti-
nal bleeding due to stress ulceration is

associated with increased mortality (OR
1.8–4.9). Curling’s ulcer is one of the severe
complications of severe burns with
a substantial mortality rate.

Macroscopy

At endoscopy, stress ulcers tend to be shallow and
cause oozing of blood from superficial capillary
beds. Deeper lesions may also occur, which can
erode into the submucosa and cause significant
hemorrhage or perforation. Figure 1 shows a fun-
dic stress ulcer with multiple erosions in the sur-
rounding mucosa; the patient presented with
a significant upper GI bleeding.

Microscopy

It is not usual to take biopsy samples from these
lesions and so histology is rarely described. When
biopsied, they present as acute with minimal reac-
tive fibrosis (manifesting their acute nature) which
is the principal feature distinguishing stress ulcers
from common peptic ulcer of the stomach.

Immunophenotype

Not applied

Cushing’s and Curling’s Ulcer, Fig. 1 Fundic stress
ulcer
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Molecular Features

Not applied

Differential Diagnosis

– Peptic ulcer/erosion (different location and
microscopy)

– Malignant ulcer (e.g., lymphoma or adenocar-
cinoma, different endoscopic appearance with
irregularity)

– Ischemic ulcer
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Diaphragmatic Hernia

Miguel Serrano and Susana Mão de Ferro
Department of Gastroenterology, IPOLFG,
E.P.E., Lisbon, Portugal

Synonyms

Acquired diaphragmatic hernia; Congenital
diaphragmatic hernia

Definition

A hernia is a protrusion of the abdominal cavity
beyond its fascial or muscular walls through fascial
or muscular openings or defects. Diaphragmatic
hernias (DH) include acquired hernias through the
esophageal hiatus and hernias through post-
traumatic or congenital (such as the foramina of
Bochdalek or Morgagni) defects in the diaphragm.
The majority of DH are sliding hernias of the
stomach through the esophageal hiatus.

Congenital and post-traumatic DH will be
reviewed here. Hiatal hernias are discussed
elsewhere (see entry on “▶Diaphragmatic
Hernia”).

Congenital Diaphragmatic Hernia
Congenital diaphragmatic hernia (CDH) is
a developmental defect in the diaphragm that
allows abdominal viscera to herniate into the

chest, thereby interfering with normal lung
development.

The ventral part of the diaphragm is derived
from the septum transversum, which in the early
embryo separates the heart from the abdominal
contents. Normally it fuses with rib cage and ster-
num, but small canals, the foramina of Morgagni,
remain lateral to the sternum on either side. The
dorsal part forms from the dorsal mesentery, but
posterolateral communications, known as the
canals of Bochdalek, persist on either side between
the pleural and peritoneal cavities. At first, only the
pleural and peritoneal membranes fuse. Latter, mus-
cle grows into them from the body wall.

CDH results from failure of fusion of the
multiple developmental components of the
diaphragm. Morgagni hernias form anteriorly at
the sternocostal junctions of the diaphragm and
Bochdalek hernias posterolaterally at the
lumbocostal junctions of the diaphragm.

The pathophysiology of CDH involves
compression of the developing lung by the
herniated abdominal contents which decrease
bronchial and pulmonary arterial branching
resulting in lung hypoplasia and pulmonary
arterial muscle hyperplasia. Pulmonary
hypertension resulting from these arterial anoma-
lies leads to right-to-left shunting at atrial and
ductal levels. This persistent fetal circulation
leads to right-sided heart strain or failure and to
the vicious cycle of progressive hypoxemia,
hypercarbia, acidosis, and pulmonary
hypertension observed in the neonatal period.
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Biochemical analysis also indicates potential defi-
ciencies in the surfactant and antioxidant enzyme
system.

The most common CDHs are posterolateral
hernias through the foramen of Bochdalek, more
frequently left-sided and unilateral, while
Morgagni hernias occur in only 5–10% of cases.

The presentation of CDHs varies greatly, from
death in the neonatal period to an asymptomatic
finding in adults.

Newborns with Bochdalek hernia most often
develop respiratory distress in the first few hours
or days of life, and examination will reveal scaph-
oid abdomen and absence of breath sounds on the
ipsilateral side. Associated anomalies are seen in
approximately 50% of CDH cases and include
chromosomal abnormalities (trisomy 13, 18, and
21), congenital heart disease, renal anomalies,
genital anomalies, and neural tube defects. Intes-
tinal malrotation is commonly observed in chil-
dren with CDH (30–62%). Volvulus is
a complication in a small minority of these
cases. The kidneys are often enlarged and
hyperplastic. CDH can also occur as a part of De
Lange syndrome (an autosomal dominant disor-
der with microbrachycephaly and limb and digital
anomalies) and as a part of Fryns syndrome (an
autosomal recessive disorder with variable fea-
tures that include DH, cleft lip and palate, and
distal digital hypoplasia).

Associated anomalies confer a twofold relative
risk of mortality when compared with patients
with isolated CDH. In stillborn infants, associated
anomalies are more common.

With the routine use of prenatal ultrasound, the
diagnosis of CDH is frequently made prenatally.
Ultrasonography reveals polyhydramnios, an
absent intra-abdominal gastric air bubble, medi-
astinal shift, and hydrops fetalis. In those where
CDH was not diagnosed in utero, the diagnosis is
made by chest radiography showing herniation of
abdominal contents into the hemithorax (Fig. 1).

In older children and adults, a Bochdalek her-
nia may manifest as an asymptomatic chest mass.
About one half of adult patients present with acute
emergencies due to incarceration. Gastric volvu-
lus is common. The diagnosis may be suspected
on chest radiograph, particularly a lateral view,
because Bochdalek hernias occur in the posterior
chest.

Morgagni hernias are most likely to manifest in
adult life. They may contain omentum, stomach,
colon, or liver. The diagnosis is often made by
chest radiograph, particularly the lateral view
because Morgagni hernias are anterior.

Post-traumatic Diaphragmatic Hernia
Post-traumatic diaphragmatic hernias (PTDH) are
due to blunt trauma (such as motor vehicle acci-
dents) in about 80% of cases and to penetrating

Diaphragmatic Hernia,
Fig. 1 Chest radiography
showing herniation of
abdominal contents into the
left hemithorax (Courtesy
of Dr. João Paulo
Conceição e Silva,
Department of Radiology,
IPOLFG, EPE, Lisbon
Portugal)
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trauma (such as gunshot or stab wounds) in the
remainder. Other rare causes of traumatic rupture
include labor in women with prior DH repair and
barotrauma during underwater dives in patients
with history of Nissen fundoplications. Blunt dia-
phragm rupture usually causes large radial tears of
the diaphragm, while penetrating injury leads to
smaller rents that approximate the size of the
penetrating impalement. As such, penetrating
injuries are more likely to be missed. Blunt trauma
is more likely than penetrating trauma to lead to
herniation of abdominal contents into the chest
because the defect is usually larger.

PTDH require a high level of suspicion to
detect. Patients can be asymptomatic in up to
53% of hernias from blunt trauma and 44% from
penetrating trauma. After serious trauma, rupture
of the diaphragm is often masked by other inju-
ries. Respiratory or abdominal symptoms
manifesting several days to weeks after injury
should suggest the possibility of diaphragmatic
injury. At least 50% of patients with diaphrag-
matic injury also suffer associated injuries. Rou-
tine chest radiograph is diagnostic in only one half
of the cases. The use of rapid helical CT, espe-
cially with sagittal reconstruction, has facilitated
the diagnosis. Symptoms may also manifest long
after injury.

Clinical Features

• Incidence
CDH is estimated to occur in 1 out of
2,000–10,000 births, with Bochdalek hernia
making up the majority of cases.

The incidence of PTDH is uncertain since
many cases likely go undiagnosed. It is esti-
mated that 3–5% of patients admitted to the
hospital for multiple traumatic injuries have
a DH.

• Age
As many as 90% of patients with CDH present
in the neonatal period or within the first year of
life (most often Bochdalek hernias). History
and clinical findings vary with the presence of
associated anomalies and the degree of pulmo-
nary hypoplasia and visceral herniation. In

neonates, variable respiratory distress and cya-
nosis, feeding intolerance, and tachycardia are
noted. Older children or adults present with
obstructive symptoms from protrusion of the
colon, chest pain, tightness or fullness in the
chest, sepsis following strangulation or perfo-
ration, or respiratory symptoms.

Morgagni hernias are most likely to mani-
fest in adulthood. The symptoms are usually
those of intestinal obstruction and may affect
one or more of the following: stomach, small
intestine, and colon.

Most of patients with PTDH present in the
third decade of life.

• Sex
CDH seem to be slightly more frequent in
males and less frequent in blacks.

The male-to-female ratio is 4:1 in patients
with PTDH.

• Site
In CDH the defect is usually posterolateral
(Bochdalek hernia) but may be anterior
retrosternal or parasternal (Morgagni hernia) or
rarely central. Herniation usually occurs on the
left (80–85%); right-sided DH occur in only
10–15% of cases. Bilateral herniation is rare.

In patients presenting with PTDH, 69% of
hernias are left-sided, 24% are right-sided, and
15% are bilateral. This difference is probably
related to hepatic protection and increased
strength of the right hemidiaphragm. Children
have equal rates of rupture per side, likely due
to laxity of liver attachments.

• Treatment
Congenital Diaphragmatic Hernia
Since the mid-1980s, when it was recognized

that the major determinants of mortality
were pulmonary hypoplasia and pulmonary
hypertension, the treatment paradigm of
CDH has shifted from early surgical inter-
vention to preoperative care directed
towards optimal management of pulmonary
hypoplasia and pulmonary hypertension,
followed by surgical repair.

Preoperative care is directed towards stabiliz-
ing the infant’s oxygenation, blood pres-
sure, and acid–base status. Aggressive
medical management consists of
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decompression of the lung tissue, cardio-
vascular support, and ventilatory support
including high-frequency oscillatory venti-
lation and extracorporeal membrane oxy-
genation that minimize lung injury.

Once the child has stabilized from a pulmonary
standpoint, the hernia will then be repaired
through reduction of the abdominal viscera
and primary closure of the diaphragmatic
defect, using sutures alone or large mesh
prosthesis.

Post-traumatic Diaphragmatic Hernia
Traumatic rupture of the diaphragm requires

surgical intervention whether the patient
presents immediately or sometime after the
trauma. The high incidence of concomitant
intra-abdominal injuries dictates the need
for emergency abdominal exploration in
the acute trauma setting after initial resusci-
tation is accomplished. Patients who present
in the latent phase or long after the trauma
require repair because the hernia contents
may become incarcerated and strangulated.

If the diaphragmatic injury is discovered dur-
ing the acute phase of trauma, the standard
surgical approach is laparotomy. For long-
standing hernias, a transthoracic or
thoracoabdominal approach should be
used, because the herniated intra-abdominal
contents tend to be firmly attached to

intrathoracic structures, making a trans-
abdominal approach difficult.

• Outcome
The degree of pulmonary dysfunction deter-
mines the child’s prognosis with CDH. Mor-
tality and morbidity are due to the amount of
pulmonary hypoplasia, the response on artifi-
cial ventilation, and the presence of therapy-
resistant pulmonary hypertension. Thirty nine
to 77% of infants survive the neonatal period
after repair, but a significant number have long-
term neurologic and musculoskeletal problems
and as many as 50% experience gastroesopha-
geal reflux.

In PTDH, the outcome is generally related
to the trauma mechanism and presence of asso-
ciated injuries. Reported mortality ranges from
5.5% to 51%. People with isolated diaphrag-
matic injuries tend to recover without long-
term disability.

Macroscopy

When the defect is located on the left side, the
thorax may contain small and large bowel, the
spleen, the stomach, the left lobe of the liver,
and, occasionally, the kidney (Fig. 2). Right-
sided CDHs usually contain part of the right lobe
of the liver and sometimes the bowel and/or the
kidney. A sac may cover the herniated abdominal

Diaphragmatic Hernia, Fig. 2 Gross pathology of left
sided Bochdalek hernia containing small and large bowel.
The ipsilateral lung is hypoplastic, but the contralateral one

is also affected (Courtesy of Drª. Lucília Monteiro,
Fetopathology Unit, CHLO, EPE, Lisbon Portugal)
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contents. DH tend to be smaller than diaphrag-
matic eventrations.

The lung is hypoplastic on the ipsilateral side,
but the contralateral one is also affected to
a variable extent. Lung weight is decreased and
the number of alveoli is reduced due to insuffi-
cient branching. In addition, hypoplasia of the left
ventricle with a left-sided hernia or pleural effu-
sions caused by right-sided involvement is fre-
quently observed. The size of the pulmonary
vascular bed is decreased in the hypoplastic
lungs, and the adventitia and media of the pulmo-
nary arterial walls are thickened.

Microscopy

The histology of the herniated bowel is normal
unless a complication such as ulceration or incarcer-
ation with obstruction and/or ischemia has occurred.
Then, the histology reflects the complication.

Microscopic examination of the hypoplastic
lung shows a reduced number of alveoli due to
insufficient branching. Respiratory epithelial
maturity is delayed with hyaline membrane dis-
ease patterns similar to those found in prematures,
and the distal bronchiolar arteries have
muscularized walls and the wall thickness is
increased particularly at the expense of the
media and adventitial layers.

Immunophenotype

Not applicable.

Molecular Features

Experimental models have shown a link between
CDH and defects in the retinoid signaling pathway,
a key regulator of embryonic morphogenesis.

Differential Diagnosis

Thoracic lesions that should also be considered
when the diagnosis of CDH is made prenatally by

ultrasound include diaphragmatic eventration,
congenital cystic adenomatoid malformation,
bronchopulmonary sequestration, bronchogenic
cysts, bronchial atresia, enteric cysts, and
teratomas. In the full-term neonate with severe
respiratory distress, the differential diagnosis
includes other causes of pulmonary
hypoplasia either primary or secondary
(e.g., oligohydramnios from chronic amniotic
fluid leak or renal hypoplasia/dysplasia) and
persistent pulmonary hypertension.
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Synonyms

Caliber-persistent artery; Exulceratio simplex;
Gastric atherosclerotic aneurysm
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Definition

Named after Paul Georges Dieulafoy
(1839–1911), a French surgeon and professor
of pathology, Dieulafoy’s lesion is a cause of
acute GI bleeding. This is a potentially life-
threatening lesion due to the presence of an
enlarged artery in the submucosa that protrudes
through small (2–5 mm) mucosal defects with
exposure of the vessel wall in the lumen causing
intraluminal hemorrhage. Dieulafoy’s lesion is
often recurrent and causes obscure massive GI
hemorrhage, manifested by hematemesis and/or
melena (Ding et al. 2010). Patients usually have
no prior history of GI pathology or symptoms
and typically have no significant NSAIDs or
alcohol use. Although this lesion presents
more commonly in a population with
comorbidities, such as cardiopulmonary dys-
function or renal failure, which has led some
researchers to propose causal links with these
diseases, etiology for Dieulafoy’s lesion remains
largely unknown.

Clinical Features

• Incidence
Approximately 1–5% of acute GI bleeding.

• Age
The mean age of presentation is within the
sixth decade of life, having most patients at
presentation between 50 and 70 years old.
Nevertheless recent series have described sev-
eral cases in pediatric populations (Senger and
Kanthan 2012).

• Sex
More common in men than women, at a 2:1
ratio.

• Site
The stomach is the most common site (approx.
70%), with 80–95% occurring in the lesser
curvature within 6 cm of the gastroesophageal
junction (Montgomery and Voltagio 2012).
Extragastric lesions occur most frequently in
the duodenum, followed by the colon. Other

uncommon sites include the esophagus,
rectum, and anus.

• Treatment
Endoscopic hemostatic procedures are the
treatment of choice in most cases. Angiogra-
phy with embolization and surgery are also
treatment options, especially when the lesion
is beyond reach of the endoscope or when there
are difficulties controlling recurrent bleeding
(Baxter and Aly 2010).

• Outcome
The risk of re-bleeding is between 9% and
40%. Mortality risk decreased from 80% to
8.6% due to endoscopic therapeutic modalities
currently used.

Macroscopy

Although sometimes visualization of these lesions
is difficult due to large amounts of blood, hematin,
and its location, the majority can be identified on
endoscopic examination of the GI tract. The mac-
roscopic appearance on endoscopic examination
is of a 2–5 mm mucosal defect, sometimes with
visible a protruding vessel, surrounded by nor-
mal-appearing mucosa (Montgomery and
Voltagio 2012).

Microscopy

Due to the straightforward endoscopic diagnosis
when this lesion is identified, microscopic eval-
uation is usually limited to cases of resection and
autopsy specimens. Still, the usual microscopic
appearance of this lesion is of an artery, primary
located in the superficial submucosa, which
extends through the mucosa (Fig. 1). The vessel
typically presents with focal disruption covered
by a fibrin clot, without evidence of atheroscle-
rotic or aneurysmal dilatations. The mucosa
adjacent may be obliterated with fibrin and
show some degree of chronic inflammation,
without any other specific pathological findings
(Montgomery and Voltagio 2012).
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Differential Diagnosis

The histological differential diagnosis is usually
made with other vascular lesions causing obscure
GI bleeding. In the stomach, common differential
diagnosis should consider both GAVE (gastric
antral vascular ectasia or “watermelon stomach”)
and portal gastropathy. In other GI tract sites, as the
colon, lesions such as angiodysplasia, diverticular
disease, telangiectasias, vascular neoplasms, and
disorder of connective tissue-affecting blood ves-
sels should be considered as possible differential
diagnosis (Jain and Chetty 2009).
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Disaccharidase Deficiency

Arzu Ensari
Department of Pathology, Ankara University
Medical School, Sihhiye, Ankara, Turkey

Synonyms

Lactase, sucrose, and maltase deficiencies

Definition

The deficiency of disaccharidases is defined as the
absence of the enzymes which are located in the
brush border of the small intestinal mucosa and
that break down dietary carbohydrates into simple
sugars so that the intestine can absorb the nutri-
ents. The major dietary disaccharides are lactose,
maltose, and sucrose. These are broken down by
lactase, maltase, and the sucrase-isomaltase

Dieulafoy’s Lesion, Fig. 1 Histopathological findings.
(a) – Large caliber-persistent artery running on superficial
submucosa of the gastric wall, lacking atherosclerotic or
aneurysmal dilatations (H&E; objective lens x10). Inset:
higher amplification (objective lens x40) showing a focal

protrusion into the gastric mucosa of an artery running of
superficial submucosa. (b) –Gastric ulceration with under-
lying tortuous and dilated arteries in the submucosa with
hemorrhagic infiltrate (H&E; objective lens x4)
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complex in the duodenum. A deficiency of these
enzymes in the duodenum results in a range of
gastrointestinal symptoms including diarrhea,
abdominal pain, and bloating. Disaccharidase
deficiency may be congenital or acquired
(Table 1). With the exception of adult-onset lac-
tase deficiency, hereditary disorders are rare and
present at birth. They usually only affect one
disaccharide and are irreversible. They include
congenital sucrase-isomaltase deficiency, an auto-
somal-recessive disease caused by a mutation in
the SI gene, glucose-galactose malabsorption, due
to a glucose transporter deficiency, and starch
malabsorption due to glucoamylase deficiency.
Acquired disaccharidase deficiency is relatively
common, affects all disaccharides, and is associ-
ated with intestinal mucosal injury – damage to
the small intestinal brush border. The injury can
be due to a genetic abnormality; or autoimmune
disorders such as celiac disease or Crohn’s dis-
ease; or some other malabsorption syndrome
(Table 2). It may also be transient. It can be due
to extended use of drugs including antibiotics and
other drugs and toxins, including alcohol and
chemotherapeutic agents. Diagnostic laboratory
tests include stool analysis to identify the presence
of reducing sugars in feces, a sucrose hydrogen
breath test to detect an abnormally high level of
hydrogen in the breath of an affected individual
after sucrose ingestion, and a sugar tolerance test
in which a flat blood serum curve will indicate an

abnormality. Intermittent distribution of lactase on
the brush border revealed by immunohistochem-
istry, hydrogen breath tests, and response to an
exclusion diet are the diagnostic procedures for
lactase deficiency. However, gold-standard to
achieve a definitive diagnosis is a small bowel
biopsy and small bowel enzyme test which is
performed on the crushed piece of tissue by
radioimmunoassay.

Clinical Features

• Incidence
The incidences of disaccharidase deficiencies
are largely underestimated. By far the most
common form of disaccharidase disorder is
adult-onset lactase deficiency. This is present
in 70% of the world’s population, though not
all are symptomatic. Congenital form on the
other hand is extremely rare. Isosucrase-
maltase deficiency has a prevalence of 2%
among Caucasian populations. Lactase
activity declines with age, and by adulthood,
the loss of the enzyme leads to lactose
intolerance. This is highly prevalent among
Asian, African, Native-American, and
Mediterranean populations.

• Age
Congenital forms present soon after the intro-
duction of carbohydrates in the diet of the
infant, while secondary forms can occur at
any age.

Disaccharidase Deficiency, Table 1 Causes of disac-
charidase deficiency

Primary Secondary

Hereditary Acquired

Very rarea Relatively common

Usually affects one
disaccharidase only

Affects all disaccharidases

Presents at birth Presents at any age

Small intestinal
mucosa is normal

Associated with small
intestinal mucosal abnormality

Irreversible May be reversed if the mucosa
heals

Managed by dietary
control

Treatment of the underlying
disorder

aExcept adult-onset lactase deficiency

Disaccharidase Deficiency, Table 2 Causes of second-
ary disaccharidase deficiency

Pancreatic insufficiency

Loss/damage of intestinal brush border

Celiac disease

Infectious gastroenteritis

Crohn’s disease

Ulcerative colitis

Lymphoma

Antibiotics

Chemotherapy

Alcoholism

Short gut syndrome
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• Sex
Males and females are affected with equal
frequency.

• Site
Small intestinal mucosa is involved in the sec-
ondary form.

• Treatment
After the diagnosis of disaccharidase
deficiency, treatment is by dietary modifica-
tion. This may include the removal of
offending sugars or the use of enzymes to aid
digestion.

• Outcome
An accurate diagnosis of disaccharidase defi-
ciency is particularly important in children,
given the potentially serious consequences of
prolonged symptoms. The consequences
include low levels of body fluids, malnutrition,
and a failure to thrive. In a child with
gastrointestinal symptoms, the first step in
diagnosis is typically diet modification.
Foods containing the suspected offending sub-
stance are withheld and then reintroduced to
assess whether symptoms resolve and then
recur.

Macroscopy

In the secondary form, the intestinal mucosa may
show a range of abnormalities depending on the
underlying disorder, whereas the congenital form
causes no such change in the mucosa.

Microscopy

A normal histology in small intestinal biopsy may
suggest primary deficiency, while the preceding
disorder such as celiac disease may also be
diagnosed by histology.

Immunophenotype

Immunohistochemistry performed using brush
border hydrolases may aid in the diagnosis when
there is lack of staining.

Molecular Features

Primary deficiencies show a range of genetic
abnormalities.

Differential Diagnosis

The differential diagnosis comprises of all other
causes of malabsorption.
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Diversion Colitis

Gert De Hertogh
Department of Pathology, Pathologische
Ontleedkunde, UZ Leuven, Leuven, Belgium

Synonyms

Nonspecific colitis of the excluded colonic
segment
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Definition

Diversion colitis is an inflammatory process
occurring in an empty colon or rectum after sur-
gical diversion of the fecal stream. It was first
recognized in patients with chronic inflammatory
bowel disease (IBD). It is still more common in
these patients, although it has been reported with
other, non-inflammatory conditions. Most
patients have mild to moderate symptoms,
typically tenesmus and diarrhea which may be
mucous or bloody. Rare cases present
with fulminant colitis. It is commonly believed
that diversion colitis starts in the mucosa,
with damage to the colonic epithelium. The
colonocytes use mainly luminal short-chain
fatty acids (SCFAs) as nutrients. SCFAs are
metabolites of carbohydrate and peptide
fermentation by obligate anaerobic bacteria. The
number of these bacteria is reduced in an excluded
colon.

Clinical Features

• Incidence
The incidence and prevalence of this disease
are difficult to estimate since many cases with
histologic changes in the bowel wall remain
asymptomatic. Numbers of up to 91% of adults
following diversion have been cited, with the
highest rates in IBD.

• Age, Sex, Site
There is no age, sex, or site predilection.

• Treatment
The preferred treatment for diversion colitis of
relatively short duration is surgery to restore
bowel continuity. This is usually curative and
quickly reverses both the symptoms and the
lesions. With long-standing diversion, surgery
is less successful as the excluded bowel
segment may have become completely
atrophic. In such cases, patients may be treated
with SCFA enemas or sometimes with anti-
inflammatory agents (5-aminosalicylate or
hydrocortisone enemas). Also irrigation with
enemas containing soybean fibers has been
applied with some success.

• Outcome
The outcome is generally good after restoration
of the fecal stream.

Macroscopy

Lesions may develop in the excluded colon seg-
ment within months of surgical diversion. In
a typical case, the bowel is overall narrow with
a stiff wall. The endoscopist may see mucosal
edema, erythema, friability, nodularity, and ulcers,
which are typically aphtous. In long-standing dis-
ease, inflammatory pseudopolyps and strictures
may develop. The presence of linear ulcers and
segmental strictures should alert one to the possi-
bility of recurrent IBD in a patient who was
already known with Crohn’s disease.

Microscopy

The diagnosis rests on clinical grounds, endo-
scopic evaluation, and histology of mucosal biop-
sies. The clinician should alert the pathologist that
the tissue fragments were taken in an excluded
bowel segment. The reason for exclusion, partic-
ularly prior IBD, should be mentioned in the
pathology request form.

Microscopically, one may see a spectrum of
changes, both of the architecture and the cellular
composition of the mucosa. Crypts can have an
irregular course and may show branching or
atrophy. The crypt epithelium can contain meta-
plastic Paneth cells. The lamina propria is filled
with an increased, irregularly distributed mono-
nuclear cell infiltrate. Prominent lymphoid
follicles are a typical finding and may explain
the endoscopically observed nodularity (Fig. 1).
These follicles are commonly larger than what is
expected for Crohn’s disease. The muscularis
mucosae is usually thickened. With active diver-
sion colitis, neutrophils are present in the lamina
propria and in the crypts. One may see cryptitis,
crypt abscesses, signs of crypt rupture with mucin
granulomas, and aphtous or larger ulcerations
(Fig. 2). Some of these findings may also be
recognized with confocal laser endomicroscopy.
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The diagnosis is usually straightforward in
a patient without preexisting IBD. The investiga-
tions can be supplemented with examination of
stools for ova, parasites, Clostridium difficile
toxin, and bacterial cultures when needed.

Occasionally, the diverted bowel segment is
completely excised when the disease is difficult
to treat. In such a case, penetrating ulcers, local-
ized strictures, transmural lymphoid hyperplasia,
and classical epithelioid granulomas point to
a diagnosis of recurrent Crohn’s disease in

a patient known with this diagnosis. Rarely,
similar changes may be seen after diversion for
rectal ulcerative colitis. Diversion colitis in
a patient with preexisting IBD may also be com-
plicated by the development of enterocolic lym-
phocytic phlebitis (artery-sparing, venulocentric
lymphoid inflammation which in the long term
leads to vascular compromise) (Figs. 3 and 4).
Another rare finding in surgical specimens is osse-
ous metaplasia, presumably due to secretion of

Diversion Colitis, Fig. 1 Low power H&E stain shows
colon mucosa with a nodular surface due to the presence of
prominent lymphoid aggregates

Diversion Colitis, Fig. 2 In this medium power H&E
stain, one can discern a disturbed mucosal architecture
(irregular branching crypts), an increased mixed inflamma-
tory cell infiltrate in the lamina propria (with cryptitis, crypt
abscesses, and surface erosions), and a thickened
muscularis mucosae

Diversion Colitis, Fig. 3 Low power H&E. Enterocolic
lymphocytic phlebitis. The mesocolic vein wall in the
center of the image is infiltrated by numerous lymphocytes,
while the corresponding artery in the lower half of the
picture is spared

Diversion Colitis, Fig. 4 Low power view of long-
standing diversion colitis, H&E stain. The mucosa is atro-
phic, there are large superficial ulcers, and the submucosa
shows fibrosis and some lymphoid aggregates. The bowel
caliber was severely reduced
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bone morphogenic proteins and increased alkaline
phosphatase activity in epithelial and stromal
cells. Also the presence of hyperplasia of neuro-
endocrine cells and microcarcinoids has been
described.

Immunophenotype, Molecular Features

These techniques are not usually employed for
the diagnosis. In one study, the effect of diversion
on the cellular composition and function of
the small bowel mucosa was investigated.
The authors described a significant decrease of
the number of spontaneously interferon-gamma-
secreting CD3 lymphocytes both in the epithelium
and in the lamina propria, and similar results for
interleukin-4, especially in the lamina propria T-
cells.

Differential Diagnosis

The main differential diagnosis is recurrent IBD
as described earlier. One should also exclude
infections, e.g., reactivation of CMV-infection or
pseudomembranous colitis due toClostridium dif-
ficile toxin.
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Diverticular Colitis

Gert De Hertogh
Department of Pathology, Pathologische
Ontleedkunde, UZ Leuven, Leuven, Belgium

Synonyms

Crescentic fold disease; Diverticular disease-
associated chronic colitis; Isolated sigmoiditis;
Segmental colitis associated with diverticulosis
(SCAD)

Definition

Diverticular colitis can be defined operationally as
mucosal inflammation within a colon segment
containing diverticula. It primarily affects the sig-
moid colon. It is however distinct from diverticu-
litis, which is inflammation of one or more
diverticula and the surrounding connective and
muscle tissues. Diverticular colitis is noteworthy
for mimicking chronic inflammatory bowel
disease (IBD), both endoscopically and
histologically.

Clinical Features

• Incidence
Only a subset of patients with diverticulosis
coli also develops diverticular colitis. Esti-
mates vary between less than 1% and 4%.
The true incidence and prevalence are probably
underestimated as many patients do not
develop worrisome symptoms. The most com-
mon presenting complaints are cramping left
lower quadrant pain or tenesmus, constipation
or diarrhea which may be mucous, and rectal
bleeding. The classic radiologic exam shows
only diverticular disease. The preferred diag-
nostic technique is endoscopy with biopsies.

• Age, Sex
Similar to diverticulosis, diverticular colitis is
mainly a disease of elderly persons.
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• Site
The inflammation is limited to the diverticular
segment of the bowel. Diverticular colitis typ-
ically involves the mucosa between the diver-
ticular ostia and only occasionally spreads to
the diverticula proper (although without ero-
sions or large numbers of neutrophils). In con-
trast, diverticulitis always involves the
diverticula and their ostia, and may spread to
the surrounding mucosa, but only when severe.

• Treatment and Outcome
Diverticular colitis may be treated conserva-
tively with the same measures as for diverticu-
lar disease (e.g., a high-fiber diet and
antibiotics when needed). It also responds to
treatment with 5-aminosalicylic acid (5-ASA)
compounds, with over half of the patients
achieving clinical remission. In most cases,
the clinical course is benign and self-limited,
although some patients may require sigmoid
colectomy for bleeding or stricture complica-
tions. An increased risk for diverticulitis or
colon cancer seems to be remote.

Macroscopy

At endoscopy, the lesions are typically situated in
the sigmoid. In addition to diverticula, one sees
mucosal erythema, friability, and erosions. This
pattern can be very similar to the one observed
with ulcerative colitis (UC). Also linear ulcera-
tions in a longitudinal pattern and a cobblestone
appearance may be present, causing confusion
with Crohn’s disease (CD). Clues to the correct
diagnosis are that the inflammation is limited to
the diverticular colon segment, and that the
rectum is characteristically spared.

Microscopy

The pathogenesis of the mucosal inflammation
has been ascribed to abnormal prominence of
mucosal folds with chronic or recurrent mucosal
prolapse, ischemia, and inflammation. Abnormal
exposure to luminal antigens and toxins in
a context of altered bowel flora due to stasis has

also been implicated. Finally, the mass effect of
peridiverticulitis and serosal abscesses may play
a role (although it has been observed that diver-
ticular colitis can develop even before the diver-
ticula themselves are well formed).

Biopsies should be taken from the most
inflamed-looking mucosa, preferably at some dis-
tance from the diverticular ostia. The endoscopist
should warn the pathologist that the biopsies are
taken from a diverticular colon segment. Prefera-
bly, rectal biopsies should be taken for microscopic
examination to rule out inactive or previously
treated UC. When mucosal biopsies are taken
from areas between the diverticular openings, the
histological aspect may mimic IBD to perfection.
There are two patterns, one with diffuse and the
other with patchy mucosal disease, potentially
causing confusion with UC or CD, respectively.

In the first form, there is widespread architec-
tural disturbance with crypt branching and short-
ening, together with the presence of an evenly
spread, dense mononuclear cell infiltrate admixed
with eosinophils. Basal lymphoid aggregates may
be present, as basal plasmocytosis which may be
focal or diffuse. With active disease, one may see
neutrophils in the lamina propria, cryptitis, multi-
ple crypt abscesses, erosions, and granulation tis-
sue. Paneth cell metaplasia may be present
(Figs. 1 and 2). More than 80% of the patients
with this pattern respond to medical or surgical
treatment, although a few develop classical UC.

Diverticular Colitis, Fig. 1 Low power H&E stain
shows colon mucosa with crypt distortion and an overall
increased inflammatory infiltrate
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Such a disease course is unlikely when the rectal
mucosa is completely normal, although one
should recall that rectal histology may normalize
in UC patients treated topically with enemas or
suppositories.

In the second form, mucosal disease is more
patchy with an irregularly distributed architectural
distortion and a variably dense inflammatory cell
infiltrate. Granulomas, both due to crypt rupture
or classical epithelioid forms, may be present
(Figs. 3 and 4). This may cause confusion with

Crohn’s disease, a problem which may be aggra-
vated in colectomy specimens as other hallmarks
of CD (such as thin deep ulcers, transmural lym-
phoid aggregates, serositis and creeping fat, and
mural or lymph node granulomas) can then also
be observed. The pathologist should be reluctant
to offer a diagnosis of CD when these changes are
limited to a diverticular sigmoid in an elderly
person. In fact, the only strong argument for CD
in such cases is the presence of histologically
documented classical lesions elsewhere in the
gastrointestinal tract.

Immunophenotype, Molecular Features

These techniques are not used for diagnosis or
stratification.

Differential Diagnosis

As indicated above, a small subset of patients with
diverticular colitis, when followed endoscopically
over time, evolves into a picture typical for ulcer-
ative proctosigmoiditis or Crohn’s colitis. There-
fore, a patient with presumed diverticular colitis
should be re-evaluated clinically and endoscopi-
cally when symptoms persist or are progressive.

Diverticular Colitis, Fig. 3 Low power H&E. Colon
mucosa. Irregularly distributed crypt distortion and patchy
infiltrate

Diverticular Colitis, Fig. 4 (Detail of Fig. 3). Presence of
giant cells and an epithelioid granuloma. The changes were
limited to a diverticular sigmoid. The patient had no
changes suggestive of Crohn’s disease elsewhere at the
time of biopsy 3 years ago, and has not developed them
since

Diverticular Colitis, Fig. 2 (Detail of Fig. 1). Basal
lymphoid aggregates, dense mixed inflammatory infiltrate
with cryptitis. These changes were limited to the mucosa of
a diverticular sigmoid and descending colon. The patient
has not developed ulcerative colitis over a follow-up period
of 4 years
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Diverticular Disease, Colon

Iva Brcic
Institute of Pathology, Medical University of
Graz, Graz, Austria

Synonyms

Outpouchings, herniations, or protrusions of the
colon; Pseudodiverticulosis

Definition

Diverticulosis of the colon is characterized by
diverticula in the colon. They represent hernia-
tions of the colonic mucosa and submucosa
through thickened muscularis mucosae into the
pericolic fatty tissue (Riddell et al. 2014). This
happens in individuals who eat low-fiber diets
when intraluminal pressure is increased and mus-
cle layers of the colon wall are weak (West and
Losada 2004). Uncomplicated diverticular dis-
ease (diverticulosis) may be asymptomatic or
may present with left lower abdominal pain,
fever, and diarrhea alternating with constipation.

The symptoms are more prominent when inflam-
mation of diverticula occurs (refer to as divertic-
ulitis). This can lead to perforation with abscess or
fistula formation. Gastrointestinal hemorrhage
can also occur, usually arteriolar, causing bright
red blood on the stool. Further complications are
strictures of the colon and segmental colitis asso-
ciated with diverticulosis (SCAD), also known as
diverticular colitis. Prolapse-associated polyps
may form at the diverticular orifices.

Clinical Features

• Incidence
Diverticular disease is among the most com-
mon acquired disorder of the colon, especially
in Western society (Weizman and Nguyen
2011).

• Age
Usually found in patients over 60 years.

• Sex
No sex predilection.

• Site
Two forms of diverticular disease have been
described: left-sided and right-sided. More
common left-sided disease is predominantly
found in the sigmoid and descending colon
but can be distributed throughout the colon.
Right-sided form is more commonly found in
non-Western communities and involves cecum
and proximal colon (Golder et al. 2011).

• Treatment
Appropriate antibiotic therapy with high-fiber
diet in uncomplicated disease. Surgery in case
of complications.

• Outcome
Generally good prognosis. In case of perfora-
tion, up to 5% mortality (Floch et al. 2004).

Macroscopy

External inspection of the surgical specimen
reveals diverticula, around 1 cm in diameter, situ-
ated between the mesenteric and antimesenteric
teniae, sometimes forming two rows on either side
of the colon. Bowel can appear shortened. Open
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specimen shows prominent mucosal ridges and
saccular dilatations where orifices of diverticula
are apparent (Fig. 1). On the cut surface, thickened
muscularis propria is present with visible hernia-
tions of the mucosa and submucosa (Fig. 2).

Microscopy

Upon histology, we see herniation of the colonic
mucosa and submucosa between thickened
muscularis mucosae into the subserosal adipose
tissue (Fig. 3). In case of diverticulitis, mucosa
changes can be found, namely architectural

distortion, mucin depletion, mild cryptitis,
increased lamina propria cellularity by lympho-
cytes and plasma cells, Paneth cell metaplasia,
lymphoid aggregates, and erosions/ulcerations.
Inflammation usually starts at the apical part of
the diverticulum. When perforation occurs, local-
ized abscess formation with occasional foreign-
body giant cells can be found. In SCAD, the muco-
sal changes are located in the area of diverticulosis.
In majority of cases, mucosa proximal and distal to
the diverticula shows no inflammation (which can
be helpful in the differential diagnosis). In later
stages, with resolution of the inflammation, fibrosis
leads to thickened and stenotic large bowel wall.

Immunophenotype

There is no distinctive immunophenotypic feature
for diverticular disease.

Molecular Features

There is no distinctive molecular feature for diver-
ticular disease.

Differential Diagnosis

Differential diagnosis of diverticular disease
includes IBD (Crohn’s disease and ulcerative coli-
tis), diversion disease, and infection.

Diverticular Disease, Colon, Fig. 1 Macroscopic image
of colon resection showing opening of a diverticulum filled
with fecolith

Diverticular Disease, Colon, Fig. 2 Cross section of the
colon showing the thickened muscularis propria and mul-
tiple outpouchings of mucosa and submucosa through
muscularis propria (diverticula) filled with fecolith

Diverticular Disease, Colon, Fig. 3 Microscopic image
showing intact colon mucosa lining the bowel wall and the
mucosa/submucosa invagination into the muscularis
propria (diverticulum)
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Synonyms

Lower esophageal diverticulum; Supra-
diaphragmatic diverticulum

Definition

A diverticulum is an outpouching of a hollow
organ. Diverticula arising from the esophagus
and hypopharynx are usually classified into three
types according to anatomical location and path-
ogenesis. Zenker’s diverticulum (pharyngoe-
sophageal diverticulum) arises from the posterior
hypopharynx, just above the upper esophageal
sphincter, as a result of increased pressure during

swallowing. Middle esophageal diverticula are
usually secondary to an inflammatory process in
the carinal lymph nodes (e.g., tuberculosis) which
exert a traction force over the esophageal wall.
Diverticula arising from the distal esophagus, usu-
ally within 10 cm of the cardia, are called
epiphrenic diverticula.

In terms of pathogenesis, epiphrenic diverticula
are generally classified as pulsion diverticula,
although there have been reports of cases where
a traction form seems to occur. The diverticula are
thought to be the result of increased intraluminal
pressure secondary to neuromuscular dysfunction.
Most are associated with an underlying esophageal
motility disorder, including distal esophageal
spasm, achalasia, and hypertensive lower esopha-
geal sphincter. Esophageal contractions against
a closed lower sphincter seem to play an important
role. Strictures, most often peptic in nature, may
also act as an obstacle to esophageal peristalsis,
thus contributing to diverticula formation.
Protrusion of the diverticulum usually develops
through a muscular defect in the esophageal wall.
Conditions inwhich there is an increased weakness
of the esophageal wall, like iatrogenic surgical
injury or Ehlers-Danlos syndrome, have also been
associated with epiphrenic diverticula.

Most epiphrenic diverticula are false
diverticula (pseudodiverticula) since they only
contain the mucosa and submucosa layers which
protrude into the circular and longitudinal muscle
of the esophagus. In a series by Bruggeman et al.,
all 11 resected epiphrenic diverticula lacked
a muscularis propria. However, there have been
several reports of surgically excised diverticula
containing all layers of the esophagus, including
a thin muscularis propria. Congenital epiphrenic
diverticula, which are extremely rare, have
a normally developed muscular layer. It is
believed that they result from esophageal duplica-
tion which eventually develops a connection with
the esophageal lumen.

Epiphrenic diverticula may present with a wide
spectrum of symptoms, which are mostly related
to underlying esophageal motility disorders. In the
absence of associated esophageal disease, small
diverticula are usually asymptomatic. Large
diverticula (over 5 cm) are more frequently
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associated with esophageal abnormalities and
more likely to be symptomatic. The accumulation
of significant amounts of undigested food can lead
to regurgitation in the recumbent position, partic-
ularly during the night, or when bending over.
Dysphagia and chest pain are also common com-
plaints. Some patients may present with cough or
recurrent pneumonia due to aspiration of esopha-
geal contents. Least common symptoms include
heartburn, epigastric pain, halitosis, hematemesis,
melena, and weight loss. There are no remarkable
findings on physical examination. Halitosis and
signs of pneumonia may be present in some
patients.

Asymptomatic epiphrenic diverticula are usu-
ally found incidentally on radiographic or endo-
scopic studies performed for unrelated reasons.
Even when symptomatic, the diagnosis can be
often delayed due to attribution of the symptoms
to other more common conditions. Chest radio-
graphs may demonstrate a mediastinal air-fluid
level within the diverticulum. Upper gastrointes-
tinal endoscopy can not only detect the diverticu-
lum but also play an important role in the
exclusion of associated disorders like strictures.
Barium esophagogram is the diagnostic gold stan-
dard for epiphrenic diverticula. It provides
a precise definition of the location, number, and
diverticulum structure, particularly the length and
direction of protrusion of the neck, important
parameters in the presurgical evaluation. Barium
studies can also raise suspicion to an underlying
esophageal motility disorder. An esophageal
manometry should be performed if a motility dis-
order is suspected or if a surgical approach is
being considered.

Clinical Features

• Incidence
Epidemiologic data of esophageal diverticula
are scarce. Epiphrenic diverticula constitute
less than 10% of all esophageal diverticula.
Contrast esophagograms performed in patients
undergoing evaluation for dysphagia revealed

epiphrenic diverticula in around 0.015% of the
exams in the United States, 0.77% in Japan,
and 2% in Europe. While the true prevalence in
the general population remains unknown,
epiphrenic diverticula appear to be signifi-
cantly less common than Zenker’s diverticu-
lum, which has an estimated prevalence
between 0.01% and 0.11%. The estimated
annual incidence of epiphrenic diverticula is
approximately 1:500.000.

• Age
Esophageal diverticula are usually diagnosed
in middle-aged adults and in the elderly. Age of
diagnosis has been described to range from 18
to 88 years, with 75% of patients in the fifth,
sixth, or seventh decades of life (Bruggeman
and Seaman 1973).

• Sex
Amale to female ratio of 2:3 has been reported
(Bruggeman and Seaman 1973). Several other
series have not shown a significant male or
female preponderance. This seems to be in
accordance with epidemiologic data of esoph-
ageal motility disorders, frequently associated
with epiphrenic diverticula. Achalasia is esti-
mated to affect both sexes in equal numbers.

• Site
Epiphrenic diverticula are located in the distal
third of the esophagus, usually within 10 cm of
the cardia.

• Treatment
Due to its rarity, the appropriate treatment of
esophageal diverticular disease remains
somewhat controversial. Most literature on
the management of epiphrenic diverticula con-
sists of case series. Controlled clinical trials are
lacking and unlikely to be performed consid-
ering the extremely low incidence and preva-
lence of the condition.

A barium esophagogram should be
performed to obtain the precise location,
number, and structure of the diverticula.
Upper gastrointestinal endoscopy is useful to
rule out associated conditions like peptic or
malignant strictures which might play a role
in the pathogenesis of the diverticulum and

190 Diverticulum Epiphrenic



alter the approach. Due to the strong associa-
tion between epiphrenic diverticula and esoph-
ageal dysmotility, a manometry should be
performed and treatment eventually directed
to specific esophageal motility disorders,
which are responsible for the symptoms in
most cases. The management options for acha-
lasia include endoscopic intrasphincteric injec-
tion of botulinum toxin, endoscopic pneumatic
dilatation, and laparoscopic Heller myotomy.
Symptoms related to esophageal spasm can
sometimes improve with calcium channel
blockers or nitrates.

All patients with epiphrenic diverticula and
moderate to severe esophageal symptoms
should be considered for surgical treatment.
Asymptomatic or minimally symptomatic
patients do not warrant treatment and should
be followed. Most diverticula seem to have
reached a stable size when diagnosed. Among
25 cases of epiphrenic diverticula followed for
1–12 years, an increase in size occurred in only
4 (Bruggeman and Seaman 1973). Worsening
of an underlying motility disorder is believed
to be the cause of size increase.

If surgical treatment is indicated, the
traditional approach is a diverticulectomy
through open transthoracic surgery (Hudspeth
et al. 1993; Varghese et al. 2007). Underlying
esophageal motility disorders should also be
addressed at the time of surgery. By resolving
the distal obstruction, an esophagomyotomy
not only relieves dysmotility related symptoms
but also decreases diverticular recurrence and
postsurgical suture dehiscence. The myotomy
should be performed opposite the location of
the diverticulum. In order to minimize acid
reflux caused by the disruption of the gastro-
esophageal junction, an antireflux procedure
should be added to the myotomy.

Surgery for diverticular disease of the
esophagus has been associated with high rates
of morbidity and mortality. Various series,
including 16–35 patients, have been published
regarding the results of epiphrenic diverticula
managed through open transthoracic surgery.

Reported mortality rates ranged from 0% to
11% and postoperative leakages from 0% to
21%. The largest series (Varghese et al. 2007)
achieved excellent results with no residual
symptoms in 76% of patients, with an addi-
tional 21% only reporting relatively mild dys-
phagia. Median hospital stay was only 7 days.

Recent advances in minimally invasive
techniques have led to thoracoscopic and
laparoscopic management of epiphrenic diver-
ticula in some centers. A recent meta-analysis
(Kilic et al. 2009) included 10 studies reporting
the outcome of 85 patients undergoing mini-
mally invasive surgery for epiphrenic divertic-
ula, 86% of them through laparoscopy.
Conversion to an open procedure was neces-
sary in only one patient. Mortality rates ranged
from 0% to 7.7% and postoperative leakages
from 0% to 33%. A positive surgical outcome,
defined by symptom resolution or minimal
symptoms, was reported in 83–100% of
patients after a follow-up period ranging from
5 to 58 months. In the hands of experienced
surgeons, a laparoscopic approach can be con-
sidered a viable alternative to open transthoracic
surgery.

• Outcome
Diverticulum recurrence following surgery is
rare. Asymptomatic epiphrenic diverticula can
grow in size, usually in parallel with the
worsening of an underlying esophageal
dysmotility. When significant symptoms
develop, a surgical approach should be
considered. Delayed diagnosis and surgical
referral can result in more severe and
potentially life-threatening complications.
Large symptomatic diverticula have been asso-
ciated with recurrent aspiration pneumonia,
ulceration, upper gastrointestinal bleeding,
and perforation. The most serious complica-
tion arising from epiphrenic diverticula is car-
cinoma, which has an estimated incidence
between 0.3% and 3%. There have been
around 100 case reports in the medical litera-
ture. The pathogenesis is not completely
understood but is thought to be related to
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chronic inflammation and injury due to food
stasis. Carcinoma arising from epiphrenic
diverticula is usually diagnosed in advanced
stages and has a poor prognosis. If confirmed
preoperatively, an esophagogastrectomy
should be attempted instead of a
diverticulectomy.

Macroscopy

Epiphrenic diverticula are usually single but can
be multiple in up to 10% of patients. Size may
vary from less than a cm to over 15 cm. One of the
largest published series included 88 diverticula
with 59% measuring 3 cm or less and 25% over
5 cm. Diverticula seem to arise more commonly
on the right side comparing to the left side of the
esophagus. They rarely protrude through the ante-
rior or posterior wall. The right side preponder-
ance is mostly attributed to large diverticula. The
aforementioned series included 21 large divertic-
ula (greater than 5 cm) with 71% located on the
right side as opposed to only 19% on the left.
However, taking into account only 67 small diver-
ticula, the distribution was practically even (45%
on the right side versus 46% on the left). One
possible explanation is that the heart and aorta
might prevent significant enlargement on the left
side. The diverticulum orifice on the esophageal
wall can be infracentimetric or measure up to
7 cm. Shapes can vary, with some diverticula
being relatively flat with a poorly defined neck,
while others have the more typical rounded sac
form.

Microscopy

Most epiphrenic diverticula are false diverticula,
and therefore, resected specimens usually contain
the mucosa and submucosa layers and lack
a muscularis propria. Diverticula containing all
layers of the esophagus, including a thin
muscularis propria, have also been reported.
Chronic inflammation can be found in nearly all
resected epiphrenic diverticula. Erosions and
ulcerations can also occur. Dysplasia and

carcinoma must be ruled out in view of the
apparently increased cancer risk.

Differential Diagnosis

The clinical presentation of epiphrenic diverticula
is diverse. Many potential diseases should be con-
sidered during the initial approach. Common con-
ditions like gastroesophageal reflux disease can
sometimes mimic the clinical features of divertic-
ular disease. Obstructive disorders, including
esophageal cancer, strictures, rings, and webs,
should be ruled out in any patient presenting
with dysphagia. Achalasia, distal esophageal
spasm, and other motility disorders are frequently
associated with epiphrenic diverticula. Symptoms
are mostly related to the underlying esophageal
motility disorder rather than the diverticulum
itself. Other diverticula arising from the esopha-
gus and hypopharynx, including mid-thoracic or
Zenker’s diverticulum, should also be considered.
The finding of an air-fluid level on chest
radiograph can raise suspicion of hiatal
hernia, achalasia, and epiphrenic diverticulum.
Upper gastrointestinal endoscopy and contrast
esophagogram wield a high diagnostic accuracy
and can usually differentiate between all of the
aforementioned conditions.
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Drug-Induced Esophagitis
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Synonyms

Drug; Iatrogenic; Medication-induced esophagitis;
Pill

Definition

First described in 1970 by Pemberton, drug-
induced esophagitis is an underdiagnosed entity,
which affects all ages but is more frequent in the
elderly (specially women).

It is caused by attached and prolonged mucosal
contact of the ingested tablets/capsules with pos-
terior damage to the mucosa due to the following
mechanisms: production of a caustic solution
(acidic or alkaline), creation of a hyperosmolar
solution, or direct drug toxicity.

The patients normally have no previous esoph-
ageal pathology, although some cases are related
with decreased salivary flow, esophageal motility
abnormalities, or extrinsic compression. Themore
common causes are ingested pills with either very
little fluid or without, before night time sleep, or
other recumbent positions.

The common symptoms are odynophagia,
retrosternal pain, and dysphagia, which start
a few hours or days after the ingestion of the
pill, sometimes with hematemesis and melena.

There is a growing list of more than one hun-
dred drugs related with pill esophagitis, but the
more frequent are nonsteroidal anti-inflammatory
drugs (NSAIDs), antibiotics (specially doxycy-
cline and tetracycline), emepronium bromide,
potassium chloride, ferrous sulfate, quinidine,
and alendronate. Almost 50% are due to
antibiotics, but the more complicated cases
are from NSAIDs and specially from
biphosphatases (alendronate), with formation of
strictures.

Clinical Features

• Incidence
The incidence reported varies between 3,9/
100,000 per year (Wright 1991) and 4/
100,000 per year (Sweden study 1978) but is
probably higher today.

• Age
It affects patients of all age groups (reports from
3 to 98 years) but is more frequent in the elderly.

• Sex
Females are more affected (around 70% of
reported cases).

• Site
Lesions are usually located at the junction of
proximal and middle third of the esophagus
(where the aortic arch compresses the esopha-
gus and the peristaltic amplitude is low), but
can appear above or below this zone.

• Treatment
Discontinuation of the drug, sometimes with
anti-reflux therapy and topical anesthetics.

• Outcome
After discontinuation of the drug, the most
uncomplicated cases may heal spontaneously,
with resolution of symptoms in a few days.

Macroscopy

Injury occurs due to the direct irritant effects of the
medications on the mucosa, with formation of
erosions or discrete ovoid ulcers with normal or
only mildly inflamed adjacent esophageal
mucosa. Ulcers can be superficial or deep, some-
times with perforation, depending on the compo-
sition of the pill.

Microscopy

Histologic appearance is of an acute nonspecific
inflammation, with desquamation, spongiosis,
and necrosis of the squamous epithelium (Figs. 1
and 2), sometimes associated with prominent
eosinophilic infiltration.

In cases of ferrous sulfate-induced disease,
there is crystalline stainable iron, and in
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alendronate-induced injury, we can observe polar-
izable crystalline foreign material (sometimes
with multinucleated giant cells).

Immunophenotype

Noncontributory

Molecular Features

Noncontributory

Differential Diagnosis

Infectious esophagitis (CMV, herpes, and
Candida).

Gastroesophageal reflux disease
Neoplastic lesions
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Synonyms

Iatrogenic gastritis

Definition

Drug-induced gastritis refers to gastric mucosal
injury related to the adverse effects of therapeutic/
pharmacological agents.

Clinical Features

• Incidence
The incidence varies significantly between
agents, but over the last 10 years, there has
been greater recognition of iatrogenic-related
gastric mucosal alteration.

• Presentation
Drug-induced gastritis is characterized by the
diversity and the nonspecific nature of the

Drug-Induced Esophagitis, Fig. 1 Esophageal mucosa
with ulceration and nonspecific inflammation (hematoxy-
lin–eosin, �100)

Drug-Induced Esophagitis, Fig. 2 Erosion with fibrin
and necrotic cells (hematoxylin–eosin, �100)
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presentation. Some patients are asymptomatic,
but common clinical manifestations include
upper abdominal discomfort or pain, loss of
appetite, nausea, and vomiting. More severe
presentations may include hematochezia,
melena, hemorrhagic shock, and even gastric
perforation.

• Age
Drug-induced gastritis is more frequently
diagnosed in adults and seniors. This is
likely directly related to the increased use
of therapeutic agents in older age-groups,
such as anti-inflammatory or antioncologic
therapy. However, younger patients are
also affected if treated with the same
medications.

• Sex
There is no sex-related predilection.

• Site
Body fundus and antrum can be equally
affected by most drugs.

• Treatment/Outcome
In most cases, the symptoms will subside after
withdrawal of the causative agent.

Macroscopy

In many cases, the endoscopic appearance may be
normal. In others, nonspecific alterations can be
detected, such as erosion, ulceration, stenosis,
mucosal erythema, or polyp.

Microscopy

The gastric mucosa can be affected differently by
various drugs. Erosion and ulceration, acute
hemorrhagic gastritis, reactive gastropathy,
parietal cell hyperplasia, fundic gland polyp,
epithelial atypia and apoptosis, and crystal
deposition can be detected. (See discussions in
subsections below.) Given the ever-growing
number of drugs associated with noxious
mucosal effects, an exhaustive review cannot
be offered here, but several of the most
recently highlighted iatrogenic effects will be
described.

Nonsteroidal Anti-inflammatory Drugs
(NSAIDs)

NSAIDs are widely used, and about 30–40% of
individuals taking them may show gastric muco-
sal changes. Topically, NSAIDs, which are weak
organic acids, can insult mucosal cells directly.
NSAIDs also inhibit cyclooxygenase enzymes
required for conversion of arachidonic acid to
protective prostaglandins. Alteration of cellular
proliferation and repair, blood flow, and growth
factor expression occur as well. Finally, inhibition
of cyclooxygenase also leads to diminished bicar-
bonate and mucus secretion with decrease in
hydrophobicity of the mucus.

Several patterns of mucosal damage can be
seen: acute hemorrhagic gastritis, erosions, ulcers,
and chemical gastritis. Acute hemorrhagic gastri-
tis is an early lesion, characterized by damaged
surface epithelium, edema, hemorrhage of the
lamina propria, and little inflammation (Fig. 1).
Stromal eosinophilia can be seen as well. This
alteration usually develops within the first hour
after ingestion. Reactive gastropathy is the second
most common histological diagnosis made on
gastric biopsies and is noted in 35–45% of chronic
NSAID users. The diagnostic hallmarks include
foveolar hyperplasia lined by tall columnar cells
with variable mucin depletion with hyper-
chromatic nuclei (Fig. 2). Other features include
ectatic capillaries, minimal edema, and

Drug-Induced Gastritis, Fig. 1 Example of erosive
acute gastritis. The surface epithelium has been sloughed
off, while the lamina propria demonstrates evidence of
hemorrhage and hyalinization. The epithelium is regener-
ative and should not be mistaken for dysplasia
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prominence of smooth muscle with minimal
inflammation of the lamina propria.

Chronic NSAID use also can lead to the devel-
opment of ulcers that are often large and multiple,
and often painless.

Proton Pump Inhibitors

Proton pump inhibitors (PPIs) block gastric acid
production by binding the H+, K+ -ATPase on the
canalicular surface of the parietal cell membrane.
Most patients also develop parietal cell hyperpla-
sia of the corpus characterized by enlarged and
more numerous parietal cells that protrude into the
gland and confer a serrated appearance to the
gland lumen. This change is reported in 90% of
patients using PPI daily after 1 year. A few deep
glandular cysts may be present and are attributed
to obstruction of acid flow out of the gland due to
the protruding parietal cells. Fundic gland polyps
may develop in 17% and 35% of patients receiv-
ing PPI after 3 and 12 months of treatment,
respectively (Fig. 3).

Iron

Iron supplements (ferrous sulfate) is locally corro-
sive and is associated with erosions, ulcers, and in
some cases infarct-like necrosis of the mucosa. The
golden-brown pigment of iron is easily visible on
H&E stains, embedded in granulation tissue,
crusting the top of damaged epithelium, or detected
in the lamina propria. Prussian blue stain may be
helpful in confirming the diagnosis (Figs. 4a, b).

Gastric Mucosal Calcinosis

This refers to small, deeply eosinophilic crystals
typically found beneath the surface epithelium of
the mucosa, and more often in the antrum than in
the body. The crystals may stain deeply pink or
be only partially calcified refractile material. Usu-
ally, the mucosa is otherwise unremarkable or
shows some degree of foveolar hyperplasia and
edema. This condition has been associated with
hypercalcemia, but also antacids, isotretinoin, and
citrate-containing blood products.

Doxycycline

Recently, an example of doxycycline-associated
erosive gastritis has been reported. The

Drug-Induced Gastritis, Fig. 2 Example of reactive
gastropathy. In this patient known to take NSAIDs, the
foveolar epithelium shows mucin depletion, while the pit
regions have mild serration

Drug-Induced Gastritis, Fig. 3 Example of parietal cell
hyperplasia in a patient taking a proton pump inhibitor
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histological characteristics include superficial ero-
sion with dense exudate associated with vascular
degeneration and microthrombi (Fig. 5).

Colchicine

This alkaloid binds to tubulin and inhibits its
polymerization into microtubules. The most char-
acteristic finding is the presence of numerous epi-
thelial mitotic figures arrested in metaphase, with
the chromosomes often arranged as “ring” mito-
ses. Epithelial pseudostratification and loss of

polarity are common as well and should be
distinguished from dysplasia. Apoptoses
can be prominent, typically located in the prolif-
erative region of the crypt or gland neck.

Chemotherapy

Many therapeutic agents (e.g., 5-FU, mitomycin
C) delivered either orally or systemically or via
arterial infusion (e.g., hepatic arterial infusion)
can be associated with significant epithelial dam-
age. The damage can be observed at the architec-
tural and cellular level, and variation is noted
between different agents. However, most descrip-
tions include regenerative foveolar changes with
cellular and nuclear atypia particularly associated
with the proliferative zone, eosinophilic transfor-
mation of the epithelium and vacuolization, few or
no mitotic figures, and bizarre cellular atypia
accompanied by stromal and architectural cellular
atypia.

Biological Agents

Over the last decades, novel biological agents
with either an immune modulatory role or an
antineoplastic effect have been developed, with
the expectation of biological specificity with

Drug-Induced Gastritis, Fig. 4 (a) Iron pill gastritis.
Moderate chronic inflammation is noted, along with regen-
erative epithelium. Note the presence of golden brown
pigment encrusted in the superficial lamina propria. (b)

Prussian blue stain highlights the presence of iron within
the lamina propria and also in a few epithelial and stromal
cells

Drug-Induced Gastritis, Fig. 5 Example of doxycycline
associated erosive gastritis. Vascular degeneration and
microthrombi in the superficial lamina propria are easily
observed
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fewer side effects. However, many of these novel
agents have been associated over time with vari-
ous mucosal injuries. The lesions that have been
related to use of the CTLA-4 molecule antibody
and mycophenolate mofetil will be described.

Alpha CTLA-4 Monoclonal Antibody

This antibody, directed against cytotoxic
T lymphocyte antigen 4, has been used as adju-
vant therapy to tumor in the treatment of renal cell
carcinoma, malignant melanoma, and ovarian
cancer. In the stomach, the immune-mediated tox-
icity is characterized by increased basal apoptosis,
expansion of the lamina propria, and increased
intraepithelial lymphocytes.

Mycophenolate Mofetil (MMF)

MMF inhibits the enzyme inosine mono-
phosphate dehydrogenase and arrests the cell
cycle, and affects the production of T and B cell
lymphocytes. It is used to prevent rejection in
individuals who have undergone solid organ
transplantation.

Increased apoptosis, glandular withering, and
elevation of the number of eosinophils in the
lamina propria are the characteristic features.

Olmesartan

This recently developed angiotensin II receptor
antagonist used in the treatment of hypertension
has been associated with the development of
severe sprue-like enteropathy. Gastric side effects
have also been reported, including lymphocytic
gastritis and collagenous gastritis.
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Definition

A large number of drugs can cause intestinal side
effects with clinical symptoms ranging from diar-
rhea or constipation to ulceration, bleeding, or
perforation. One drug can be responsible for dif-
ferent clinical presentations and variable patho-
logical findings. As these microscopic injury
patterns are often not specific or pathognomonic,
making a correct diagnosis of drug-induced
pathology can be very difficult. Moreover, pathol-
ogists are usually not informed about the drugs
that a patient has been taking, although this infor-
mation together with the clinical history is essen-
tial in establishing the diagnosis. The possibility
of a drug-related etiology should be considered,
especially in cases of unusual pathology without
apparent explanation. Drug-induced damage is
mostly a reversible condition if drug intake is
stopped, emphasizing the importance of recogniz-
ing this pathology.

Demonstrating that the drug is the cause of the
pathological findings is difficult. A correlation can
be suggested if there is a temporal relationship
between the start of the drug and the onset of the
clinical symptoms and pathological changes and
if these features regress when the drug is with-
drawn. A subsequent challenge with the drug and
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re-appearance of the symptoms can prove a causal
relationship, but is often not applied in daily clin-
ical practice.

Clinical Features

• Incidence
The precise incidence of drug-induced intesti-
nal damage is not known. Reports in literature
are usually limited to cases or small series.
However, diarrhea accounts for about 7% of
all drug-related adverse effects in which more
than 700 drugs are implicated, indicating that
drug-induced intestinal injury is probably not
uncommon.

• Treatment
In most cases, drug-induced intestinal injury
will heal after cessation of drug intake. The
interval between drug discontinuation and res-
olution of clinical symptoms and microscopic
findings is variable. For mycophenolate
mofetil, for example, persistent microscopic
changes were found up to 12 months after
administration of this agent was stopped.
When severe complications occur, additional
active treatment may be required.

Macroscopy

The pathognomonic macroscopic finding of
diaphragm disease is discussed elsewhere
(▶Diaphragm Disease/▶Nonsteroidal Anti-
inflammatory Drug Injury).

Microscopy

Table 1 gives an overview of the different injury
patterns that were reported in literature to be asso-
ciated with specific drugs (▶Nonsteroidal Anti-
inflammatory Drug Injury and ▶Antibiotic-
Associated Colitis are reviewed elsewhere). The
major injury patterns of drug-induced intestinal
disease include ulceration, stricture formation,
variable inflammatory processes, and ischemia.
These nonspecific microscopic patterns can

display certain clues, indicating that a drug-
induced etiology should be considered: apoptotic
epithelial cells, increased intra-epithelial lympho-
cytes, or eosinophils (Fig. 1).

Drug-Induced Intestinal Injury, Table 1 Drugs causing
various types of gastrointestinal injury

Erosion and ulceration

NSAID, KCl, iron, kayexalate, colchicine, ergot
alkaloids, local analgesics (e.g., in suppositories)

Strictures and diaphragms

NSAID, KCl, pancreatic enzyme replacement

Perforation

Corticosteroids, contrast media

Acute colitis

NSAID, antibiotics, carbamazepine, oral contraceptive
steroids, laxatives, NaPO4, glutaraldehyde,
mycophenolate mofetil

Focal active colitis

NSAID, NaPO4

Pseudomembranous colitis

Antibiotics, PPI, chemotherapy

Neutropenic enterocolitis

Cytosine arabinoside, cisplatin, vincristine, adriamycin,
5-FU, mercaptopurine

Opportunistic infections

Immunosuppressive agents, corticosteroids

Malakoplakia

Corticosteroids

Ischemic-type colitis

Cardiovascular drugs (digoxin, a-adrenergic blockers,
antihypertensive drugs, diuretics), oral contraceptive
steroids, cocaine, ergot alkaloids, vasopressin and other
vasoconstrictors, neuroleptics, NSAID, sumatriptan,
alosetron hydrochloride, glutaraldehyde, flutamide,
a-interferon, mycophenolate mofetil

Microscopic colitis

PPI, NSAID, H2 receptor antagonists (ranitidine,
cimetidine), ticlopidine, simvastatin, flutamide,
carbamazepine, paroxetine, sertraline, penicillin V,
veinotonics (Cyclo 3 Fort), vinbumine, ferrous sulfate,
levodopabenserazide

Inflammatory bowel disease-like colitis

Gold salts, NSAID, aminogluthemide, mycophenolate
mofetil

Graft-versus-host-like disease

Mycophenolate mofetil

Epithelial apoptosis

NSAID, NaPO4, anthraquinones, 5-FU, irinotecan

Pseudodysplastic changes

Cyclosporin
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Specific hallmark features that lead to the diag-
nosis of a certain drug-induced pathology are rare,
but if present, they can be a helpful tool in
establishing the diagnosis. These features include
specific histological patterns (as seen in treatment
with colchicine, taxanes, mycophenolate mofetil,
or in melanosis coli) or crystal deposition in the
tissue (as seen in treatment with kayexalate or
cholestyramine) as morphological evidence of
drug-induced injury.

Colchicine and Taxanes
Colchicine is an alkaloid with antimitotic activity
used in the treatment of gout and other medical
conditions. It binds tubulin and inhibits its poly-
merization into microtubules, thereby causing
mitotic arrest. Patients with renal or hepatic failure
are at risk to develop colchicine toxicity, leading
to a cholera-like syndrome associated with dehy-
dration and shock that, if left untreated, can pro-
gress to multiorgan failure and death. Colchicine
toxicity affects rapidly proliferating tissue like the
gastrointestinal mucosa. Mainly the stomach and
duodenum are involved, but also the colon can be
affected. The most discriminating histologic fea-
ture is the presence of abundant epithelial mitotic
figures arrested in metaphase. Metaphase mitoses
can be identified as enlarged epithelial cells with
condensed chromatin in ring formation within the
center of the cell (“ring” mitoses). Epithelial
pseudostratification and loss of epithelial polarity

can be seen as well, mimicking epithelial dyspla-
sia. The lack of nuclear hyperchromasia or atypia,
general preservation of mucosal architecture, and
the presence of surface maturation can distinguish
these cases of colchicine toxicity from true dys-
plasia. Remarkably, none of these characteristic
morphologic features were seen in gastrointestinal
biopsies from patients under colchicine therapy
without clinical evidence of colchicine toxicity.

Taxanes are a class of chemotherapeutic agents
commonly used in the treatment of malignancies
like breast cancer. These alkaloids bind to micro-
tubules, thus promoting polymerization and
forming extremely stable and nonfunctional
microtubules. Gastrointestinal biopsies from
patients under taxane therapy show similar
epithelial changes as described for colchicine tox-
icity, most prominent in the first 3 days after
taxane administration (Fig. 2). As in cases of
colchicine toxicity, the greatest number of ring
mitoses and accompanying apoptosis is found
within the proliferative region of the mucosa.
These findings are not specific for taxane toxicity,
but may also reflect taxane effect.

Mycophenolate Mofetil
Mycophenolate mofetil (MMF) is an immunosup-
pressive agent used in the setting of solid organ
transplantation. MMF is an inactive prodrug that
is converted into mycophenolic acid (MPA) by

Drug-Induced Intestinal Injury, Fig. 1 Prominent
epithelial apoptosis in a colon biopsy of a patient treated
with capecitabine, a prodrug of 5-FU

Drug-Induced Intestinal Injury, Fig. 2 Epithelial ring
mitoses (arrowheads) in a colon biopsy of a patient with
metastatic breast cancer treated with paclitaxel 2 days prior
to colonoscopy
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intestinal esterases. MPA inhibits inosine mono-
phosphate dehydrogenase (IMPDH), an enzyme
in the de novo pathway of purine synthesis. As B-
and T-lymphocytes lack a salvage pathway for
this purine synthesis, MMF prevents proliferation
of these cells and formation of antibodies from
B cells. In addition, it may inhibit recruitment of
leukocytes to inflammatory sites. Side effects of
this drug mainly affect the lower gastrointestinal
tract. Up to 40% of patients under MMF therapy
develop persistent diarrhea. Maes et al. studied
this population in 2003 and identified an infec-
tious etiology in about 60% of the patients. Anti-
bacterial or antiviral therapy was effective here. In
another subgroup of patients, no clinical explana-
tion was found for the diarrhea. The endoscopic
biopsies, however, showed an inflammatory
bowel disease-like injury pattern featuring patchy
architectural changes with slight to moderate
distortion of the crypt architecture, difference in
diameter between individual crypts and preserved
or slightly increased mucus secretion. The muco-
sal infiltrate, composed of lymphocytes, plasma
cells, and some neutrophils, was slightly
increased, but usually milder than in real
▶ Inflammatory Bowel Disease. Focally, crypts
can be dilated and lined by flattened epithelium,
infiltrated by macrophages and neutrophils.
Beside this inflammatory bowel disease-like pat-
tern, which is the most frequent, other histologic
patterns are described under MMF therapy.
Changes are considered graft-versus-host-dis-
ease-like when increased enterocyte apoptosis is
observed without lamina propria inflammation or
distortion of crypt architecture. The differential
diagnosis with true ▶Graft-Versus-Host Disease
is clinically important, but may be nearly impos-
sible based on the histologic findings. Other
causes of increased apoptosis, such as intake of
other types of drugs (e.g., NSAID), bowel prepa-
ration, or cytomegalovirus infection, should be
kept in mind. Additional patterns that are
described in the context of MMF use mimic self-
limited colitis or ischemia.

Melanosis Coli
Melanosis coli or pseudolipofuscinosis coli is
defined as the presence of lipofuscin-type pigment

in macrophages of the lamina propria of the colon
(Fig. 3). This can occur after long-term use or abuse
of anthraquinone-containing laxatives. These drugs
belong to the class of contact laxatives. The active
compound is released in the caecum by bacteria,
which means that melanosis will never affect the
small intestine, it starts in the right colon and grad-
ually involves themore distal parts of the colon. The
active drug binds to surface epithelial cells and
promotes apoptosis of these cells. Cell remnants
together with the drugmetabolites are then engulfed
by the macrophages, resulting in the typical color.
The epithelial cell damage is usually associatedwith
mild mucosal inflammation.

Kayexalate and Cholestyramine
Kayexalate or sodium polystyrene sulphonate,
a cation exchange resin, is used in the treatment
of hyperkalemia. Kayexalate can be administered
as an enema, orally or by nasogastric tube. When
administered into the upper gastrointestinal tract,
sodium cations are released from the resin and

Drug-Induced Intestinal Injury, Fig. 3 Melanosis coli
with pigmented macrophages in the lamina propria of
a colon biopsy
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exchanged for hydrogen ions in the acidic milieu
of the stomach. As the resin passes through the
intestine, hydrogen is exchanged for potassium,
which is subsequently eliminated in the feces
along with the remainder of the altered resin,
thereby lowering serum potassium over a period
of hours to days. Initially, kayexalate was admin-
istered as a suspension in water. Some patients
however developed crystalline resin concretions.
Later, the resin was mixed with a hypertonic solu-
tion of sorbitol, an osmotic laxative, to improve
efficacy and to avoid complications of constipa-
tion and fecal impaction. The sorbitol is believed
to be the component that leads to the intestinal
damage that presents as mucosal ulcerations and
necrosis, particularly in uremic patients. The ero-
sive and ulcerative injuries can also occur in the
upper gastrointestinal tract, but these lesions are
less common and usually less severe (Gastric
Injury from Kayexalate). Kayexalate can be rec-
ognized by the presence of rhomboid or triangular
basophilic crystals, showing a mosaic pattern
resembling fish scales and staining red with
a PAS stain and maroon with an acid fast stain
(Fig. 4). These crystals can be observed as an
incidental finding in normal mucosa or adjacent
to ulcerations. In the absence of injury, the crystals
are located at the mucosal surface of small or large
intestine. Kayexalate crystals can be recognized
adherent to a mucosal ulceration or on the serosal
surface in case of a perforation.

Kayexalate crystals should be differentiated
from cholestyramine, a bile acid–binding resin.
These crystals are more intensely basophilic and
opaque and do not show the typical mosaic pattern
of kayexalate. Cholestyramine crystals stain red
with a PAS stain and pink with an acid fast stain.
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Drug-Induced Intestinal Injury, Fig. 4 (a) Kayexalate
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Duplication, Esophagus
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E.P.E., Lisbon, Portugal

Synonyms

Congenital duplications; Gastrointestinal
duplication cyst

Definition

Gastrointestinal duplication (GD) is a rare
congenital anomaly that arises during early
embryonic development and may occur
anywhere along the gastrointestinal tract, from
the mouth to the anus.

The cause of GD remains unclear. The most
popular theory is the abnormal recanalization
hypothesis. During the sixth week of fetal
development, a proliferation of epithelium
completely occludes the lumen of the gut, and
vacuoles develop within the occluded lumen. Vac-
uoles coalesce until the lumen of the gut tube is
fully recanalized. Duplication may occur due to an
abnormal persistence of vacuoles. Other hypothe-
ses include persistent embryologic diverticulum,
bronchopulmonary foregut malformations, or intra-
uterine vascular accidents.

There are two general types of GD. Cystic
duplications account for approximately 80% of
cases, are spherical in shape, and have no
communication with the bowel lumen. Tubular
duplications account for 20% of GD, are tubular
in shape, and communicate directly with the
bowel lumen.

GD is usually asymptomatic and found
accidentally during endoscopic or imaging
exams. Symptoms may be vague and diverse as
they vary with the location of the GD and are
caused by compression or displacement of the
surrounding structures. Complications are rare
but include obstruction by volvulus or intussus-
ception, bleeding, infection, and perforation.

Bleeding usually occurs due to the presence of
gastric ectopic mucosa in the GD. Malignant
tumors may develop from the mucosa, but this
complication is rare.

Unlike GD in other parts of the gastrointestinal
tract, esophageal duplications frequently cause
symptoms as dysphagia, retrosternal pain,
cough, or respiratory distress due to esophageal
or respiratory tract compression.

GD present at endoscopy as a submucosal
lesion or as a diverticulum that can vary in size
from several millimeters to over 5 cm. They have
a smooth and regular appearance without mucosal
irregularities.

At endosonography GD are usually anechoic
homogeneous lesions, with regular margins,
arising from the submucosa (third layer) or extrinsic
to the gastrointestinal wall. Their walls can be char-
acterized by three- or five-layer structures. They
also can contain septae, fluid levels, or echogenic
material consisting of layering debris or mucin.

At CT GD presents as a fluid-filled cystic mass
with a thick, slightly enhancing wall that either
arises from or is extrinsic to the gastrointestinal
wall. An area of high attenuation within the cyst
may be seen, a finding due to protein-rich material
or hemorrhage. Occasionally, a cyst appears as
a solid lesion on CT scan due to the higher density
elicited from debris particles within a cyst.
Enhancing solid foci within the cyst are sugges-
tive of malignant change.

Clinical Features

• Incidence
GD are rare conditions. Their true incidence is
unknown as many cases are asymptomatic and
remain undetected.

Congenital duplications of esophagus are
estimated to occur in 1 in 8,000 live births.

• Age
More than 60% of symptomatic GD manifest
during the first year of life. However, some GD
may not be symptomatic until school age or
adulthood. As GD is seldom symptomatic, it is
usually found incidentally at endoscopy or
imaging studies.
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• Sex
GD occurs both in females and males.

• Site
GD is most common in the distal ileum,
followed by the esophagus, colon, jejunum,
stomach, and duodenum. Most esophageal
duplications occur distally and on the right
due to elongation and dextrorotation of the
foregut.

• Treatment
Surgical excision via an open or laparoscopic
approach is the treatment of choice in
symptomatic or complicated GD. The main
considerations in the management of GD are
the age and the condition of the patient and the
location and type of GD (cystic or tubular).
Generally total excision is preferred. Some-
times a segment of normal gastrointestinal
tract must be excised due to the intimate con-
tact to the GD or due to complications such as
infection or ischemia. Long segment resections
should be avoided as they may result in short
bowel syndrome.

Endoscopic management of tubular
duplication of the esophagus has been
described in few case reports using fine needle
aspiration, needle knife cystostomy, and, when
small, snare excision.

The management of asymptomatic GD is
usually expectant. However, some authors
believe that surgery should be offered to
asymptomatic patients due to the risk of
complications, including malignancy, and to
the impossibility to achieve the diagnosis.

• Outcome
Prospective studies evaluating the outcome of
GD are lacking. Cases described in the litera-
ture are mainly those of symptomatic or com-
plicated GD. Even in these cases, the outcome
is generally good. Mortality did not exceed
20% in any published series.

Macroscopy

GD is usually attached to the gastrointestinal tract.
Cystic duplications are spherical in shape and
have no communication with the bowel lumen.

Tubular duplications are tubular in shape and
communicate directly with the bowel lumen.
Cysts contain a mucoid fluid.

Microscopy

GD has smooth muscle in its wall and is lined with
gastrointestinal epithelium with a mucosal pattern
of the adjacent gut and contains a mucoid fluid.
Heterotopic gastric mucosa may be present in up
to one third of cases. Ectopic pancreatic mucosa
may also be present. Epithelial malignant trans-
formation is rare.

Immunophenotype

Not applicable.

Molecular Features

Not applicable.

Differential Diagnosis

The differential diagnoses of GD include
gastrointestinal submucosal lesions and
other cystic lesions adjacent to the gastrointestinal
tract.
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Duplication, Intestinal
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Synonyms

Diverticula; Dorsal enteric cysts; Dorsal enteric
remnants; Enterocysts; Enterogenous cysts; Giant
diverticula; Neurenteric cysts; Persistent
neurenteric canal; Posterior mediastinal cysts;
Thoracic duplications of the intestine

Definition

Gastrointestinal duplications (GIDs) are rare
congenital malformations that consist of cystic
or tubular replicas involving any segment of the
gastrointestinal tract from the mouth to the anus
and containing all three layers. The histologic
criteria applied for the diagnosis of GIDs include
(1) attachment to a segment of the GI tract, the
mesenteric site of which is typically involved and
with which they share a common blood supply;
(2) a well developed smooth muscle envelope
mimicking the normal muscularis propria; and
(3) an epithelial lining derived from the alimen-
tary or respiratory tract.

Among the validated theories to define
the embryogenesis of GIDs are the fusion of
embryological longitudinal folds; persistence of
the normal transient diverticula, applying espe-
cially in the formation of the ileal Ds; abortive
partial twinning; aberrant luminal recanalization,
applying mainly to the Ds in these portions of the
GI tract that develop through a “solid” stage
such as the esophagus, small bowel, and colon;

intrauterine intestinal ischemia; and developmen-
tal abnormalities of the notochord, neurenteric
canal, and related midline structures (split
notochord).

GIDs present with a wide spectrum of symp-
toms and unspecific signs, frequently simulating
other diseases, and their varied clinical appear-
ance depends largely on the site, size, location,
mucosal lining of D, and the age of the patients.
Infants and children may present with high level
GI obstruction, vomiting, abdominal pain, poor
feeding and a palpable mass in case of a gastric or
small intestinal D, or respiratory distress due to
airway compression in case of esophageal and
thoracoabdominal Ds. Likewise, the presence
of gastric mucosa can lead to melena or
hematemesis and perforation. Small cystic Ds
predispose to intussusception or volvulus,
whereas long tubular ones with proximal opening
result in cystic dilatation and obstruction. Colonic
Ds are usually asymptomatic, but can manifest
with abdominal mass, abdominal pain, bleeding,
or acute intestinal obstruction, especially in
newborns, while constipation, hematochezia,
rectal prolapse, and perirectal abscess are some
of the main presenting signs and symptoms of
rectal Ds. Adults present with symptoms includ-
ing anemia, abdominal pain, nausea, relapsing
pancreatitis, hematemesis or melena, ulceration,
bowel obstruction, infection, and neoplastic
transformation.

Although the diagnosis of a D cyst is difficult
to make clinically or based upon conventional
radiologic study (including barium examina-
tions), gastrointestinal series may demonstrate
extrinsic pressure produced by the cyst to the
neighboring gut. Ultrasonography may reveal
a characteristic double wall or “muscular rim”
sign with an inner hyperechoic rim representing
the mucosa-submucosa and an outer surrounding
hypoechoic layer reflecting muscularis propria.
Technetium 99 m pertechnetate could be useful
in demonstrating the bleeding mucosa from the
ectopic tissue as in Meckel’s diverticulum. CT is
useful especially in the diagnosis of duodenal Ds
due to clear and unequivocal resolution without
overshadowing, and MRI allows an accurate
assessment of the topography and close relations
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of the cysts to each other, the diaphragm, and the
alimentary tract as well as evaluating synchronous
spinal cord anomalies and defining complications
such as intra-abdominal hemorrhage.

Clinical Features

• Incidence
GIDs are observed in 1/4,500 autopsies
(appendix duplication is extremely rare,
0.004–0.009% of appendectomies).

• Age
Eighty percent of GIDs become symptomatic
within the first 2 years of life with approxi-
mately half of them occurring during the neo-
natal period. The colonic lesions usually
remain asymptomatic and undiagnosed. GIDs
are rare in adults.

• Sex
There is a white male predominance with the
exception of gastric Ds which are more com-
mon in females without any distinct geograph-
ical or racial distribution.

• Site
GIDs occur more frequently in the small intes-
tine with the ileum being involved in nearly
one third of cases, whereas gastric, duodenal,
rectal, and thoracoabdominal involvement is
relatively rare and the occurrence within the
liver substance exceptional. Synchronous
GIDs occur in as many as 15% of the patients
(Fig. 1).

• Treatment
The treatment is surgical and, generally, total
excision is preferred, except in cases of tho-
racic and thoracoabdominal duplications
where staged approaches are more appropriate,
colonic Ds with a free flow of intestinal con-
tents through both lumens; where stool soft-
eners and enemas can improve symptoms and
gastric Ds; and where resection is not required.
The age and condition of the patient, the loca-
tion, regarding the presence or not of
a common blood supply, the multiplicity and
the cystic or tubular nature of the lumen, the
presence of heterotopic gastric mucosa, the
proximity to the biliary or pancreatic ducts,

and the possible association with other abnor-
malities, like the genitourinary ones in colonic
tubular Ds, are the main considerations in the
management of intestinal Ds.

Drainage procedures should be discouraged
owing to the high incidence of heterotopic
gastric mucosa and the lack of autonomy of
the duplication’s blood supply and such man-
agements are acceptable only, provided that the
presence of gastric mucosa has been ruled out,
in selected cases such as in duodenal Ds, where

Duplication, Intestinal, Fig. 1 Distribution of duplica-
tions along the gastrointestinal tract: 1: esophageal, 2:
thoracoabdominal, 3: gastric, 4: duodenal, 5: jejunal,
6–7: ileal, 8: involving the ileocecal valve, 9: appendiceal,
10: cecal, 11: involving the whole large bowel, 12: rectal
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excision is not feasible due to potential injury
to the biliary or pancreatic duct and rectal Ds
and where rectal cysts can be drained through
the posterior rectal mucosa, the stripping of the
cyst wall mucosa following.

Localized cystic Ds of the small intestine
and colon can be excised with safety, but lon-
ger tubular ones, where a long segment resec-
tion resulting in a short bowel syndrome
should be avoided, can be managed by length-
ening procedures, the Wrenn method of muco-
sal stripping through multiple incisions, or
excising part of the common rectal wall.

• Outcome
Despite the occurrence of certain complica-
tions including injury to the pancreatobiliary
tree and secondary pancreatitis, following the
excision of gastric or duodenal Ds, recurrent
bleeding after mucosal stripping, and the need
for regular clinical evaluation and continence
studies for patients with cystic colonic Ds
undergoing medical therapy with stool soft-
eners and patients treated for rectal Ds, respec-
tively, the outcome of surgical or medical
management is favorable and excision is gen-
erally curative with not more than 20% mortal-
ity in any reported series and morbidity and
mortality rate depending significantly on the
presence of bowel necrosis, the length of
the resected segment, the type and extent
of the associated malformations, and the rare,
but possible, neoplastic development.

Macroscopy

In general, GIDs involve the mesenteric side and
share a common blood supply with the native
intestine. Most are attached along the dorsal or
mesenteric border, but some are attached to the
lateral border forming parallel side-by-side seg-
ments referred to as double-barrel Ds. Rarely the
duplication has a separate mesentery and blood
supply and is called loop duplication. According
to the shape and length of the intestinal segment
involved, Ds can morphologically be divided to
spherical-cystic and tubular, according to the sort
of attachment to the bowel wall and sharing

a commonmuscular wall with the normal segment
to complete and incomplete and depending on the
presence of an opening to the normal intestinal
lumen to communicating and noncommunicating.
The communicating ones are further differenti-
ated according to the location of the opening,
meaning proximally, distally, or at both ends,
which results in different clinical presentation,
severity of symptoms, complications, and type
of therapy.

GIDs are usually single (multiple GIDs
occur in as many as 15% of patients), non-
communicating, and spherical-cystic with a size
ranging from a few millimeters to over 10 cm.
Foregut Ds are associated with anomalies of the
thoracic spine ranging from spina bifida and
hemivertebra to vertebral fusion defects, an asso-
ciation that is not noted with more distal cysts;
midgut cystic Ds coexist with intestinal atresias
and hindgut Ds with complex genital and urinary
abnormalities (Table 1).

Microscopy

From the three criteria used to define a lesion as
duplication, meaning the intimate anatomic rela-
tion to a segment of the GI tract, the epithelial
lining, and the presence of an organized smooth
muscle coat, only the latter is absolutely neces-
sary. As a rule, the epithelium lining a duplicated
segment mimics the native one, meaning that
esophageal Ds are usually lined by stratified

Duplication, Intestinal, Table 1 A useful topographical
categorization of GIDs

Cervical Usually cystic in the lower
third of esophagus

Thoracic and
thoracoabdominal

Large tubular of the posterior
mediastinum

Gastric Non communicating
intramural of the great
curvature

Duodenal Mixed in second portion

Small intestinal Cystic, 35% in the ileum

Colonic and rectal Isolated cysts (fistula to skin,
urinary tract, or normal colon),
tubular (duplication of the
entire colon)
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squamous mucosa and gastric Ds usually contain
gastric mucosa, but heterotopic tissues, including
thyroid stroma, gastric mucosa, pancreatic rests,
lymphoid aggregates resembling Peyer patches,
ciliated bronchial epithelium, lung tissue, and car-
tilage can be present as well. Beneath the epithe-
lium, a normal submucosa and submucosal plexus
and an inner circular muscle layer and myenteric
plexus are also present, although as some lesions
become cystic, both the epithelial lining and the
muscle component become atrophic and may
appear incomplete.

Different types of epithelium have different
clinical implications, and the main clinically sig-
nificant heterotopia, the ectopic gastric mucosa,
which is also the most prevalent (with an
incidence ranging from 15% to 40–50%) usually
in esophageal and small intestinal Ds, predisposes
to peptic ulceration, painless gastrointestinal
hemorrhage, and perforation. Otherwise, second-
ary inflammatory changes may supervene, as is
the case with communicating Ds having a
blind distal end, where the accumulation of intes-
tinal contents and secretions cause cystic
dilatation, inflammation, necrosis, and fistula
formation.

Finally several cases of neoplastic transforma-
tion, mainly adenocarcinomas, developing within
the duplicated bowel, have been reported.

Differential Diagnosis

Esophageal duplication cysts may be difficult to
differentiate from bronchogenic cysts. Adding to
the diagnostic confusion is the rare occurrence
of cartilaginous heterotopias within the wall of
the esophageal cyst, but the presence of a close
attachment to the esophagus than to the bronchial
tree and of an extensive stratified squamous,
gastric, or intestinal lining mucosa (than
a respiratory one) with a muscularis propria and
submucosal and myenteric plexuses aids in the
distinction.

Other diagnostic considerations include diver-
ticula, retention cysts originating from cystic dila-
tion of the submucosal esophageal wall, any
posterior or middle mediastinal mass such as

meningocele, pulmonary sequestration, neo-
plasms of the sympathetic chain, and, especially,
neurenteric cysts, which bear a close resemblance
to duplication cysts and contain various intestinal
epithelia, present in the posterior mediastinum
much more frequently associated with spinal
defects, but are not attached to the esophageal
wall and are thought to have a different embryo-
logical origin.

Midgut intestinal Ds must be differentiated
from enteric cysts and congenital diverticula,
which are more localized lesions with a less orga-
nized smooth muscle and usually associated with
vertebral body abnormalities, acquired divertic-
ula, mesenteric cysts, Meckel’s diverticulum,
choledochal cysts, pancreatic abscesses, and
cystic necrotic tumors.

Finally, rectal duplication cysts should be dis-
tinguished from epidermoid-dermoid cysts (both
unilocular, but the latter have squamous epithe-
lium and lack an organized muscular wall) and
retrorectal cystic hamartomas (tailgut) cysts,
which are multilocular with a varying presence
of solid areas; a squamous, transitional, or glan-
dular epithelium; a disorganized smooth muscle
wall; and occasional foreign body giant cell
granulomatous inflammation.

Immunohistochemistry

Immunohistochemistry is noncontributory in
intestinal duplication.

Molecular Studies

There are not molecular studies concerning
intestinal duplication.
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Dysentery, Bacillary

Xavier Sagaert
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Hospitals KU Leuven, Leuven, Belgium

Synonyms

Shigellosis

Definition

Dysentery is an infection of the digestive
tract, characterized by inflammation of the colon
wall, frequent loose stools, cramping abdominal
pain, appearance of mucus, blood and pus in the
feces.

Bacillary dysentery is a type of dysentery that
is caused by bacteria of the genus Shigella,
although sometimes Campylobacter, Salmonella,
and other related bacteria may cause clinically
similar diseases. In the Western world, bacillary
dysentery is most commonly transmitted through
fecal-oral route, e.g., during care for a sick person
or through a variety of household items contami-
nated with secretions of the patient. It is highly
contagious as symptoms may result from inges-
tion of only 10–100 organisms. As such, Shigella
outbreaks are often associated with crowded
living conditions and less than optimal hygiene
conditions, e.g., military troops deployed in
camps, nursing homes, day-care centers, and
prions. Shigella contamination can also occur dur-
ing sexual intercourse.

Shigellae are virulent, invasive gram-negative
bacilli that include four species: S. dysenteriae,

S. flexneri, S. boydii, and S. sonnei. Shigella
dysenteriae is the most virulent and the most
common species isolated, although S. sonnei and
S. flexneri are increasingly reported in the western
world. All four Shigella species produce a toxin
that damages the endothelial cells in the micro-
vasculature of the colon. As a consequence, intes-
tinal epithelial cells begin to exude that leads to
diarrhea, liquid stools containing mucus, pus, and
often blood, similar to the secretions in cholera.
Later the toxin-damaged cells die, and their death
is accompanied by inflammation, ulceration of the
intestinal wall, and other symptoms of dysentery.

Bacillary dysentery symptoms begin within
2–10 days of consumption of contaminated food
or water. The illness often starts with fever, nau-
sea, vomiting, abdominal cramps, and diarrhea.
Episodes of diarrhea may increase to as much as
once an hour, with mucus, pus, and blood in the
stool. Vomiting and diarrhea may result in rapid
and severe dehydration, which may lead to shock
and death if not treated. Signs of dehydration
include an extremely dry mouth, sunken eyes,
and poor skin tone. In children and older patients,
general intoxication can be accompanied by
neurological symptoms, as they can be restless,
irritable, and possibly lethargic. Children may
also have sunken eyes and may not be able to
produce tears or urine, the latter appearing very
dark and concentrated. Unlike amoebic dysentery,
the bacillary dysentery is characterized by the
rapid growth of symptoms, fever, and dehydra-
tion. Also, the bacillary dysentery is usually less
lasting and does not have a chronic form.

Clinical Features

• Incidence
Shigellosis is endemic throughout the world,
where it is held responsible for some 120 mil-
lion cases of severe dysentery (with blood and
mucus in the stools). Recent estimates fix the
Shigella disease burden at 90 million episodes
and 108,000 deaths per year, the overwhelm-
ing majority of which occur in developing
countries and involve children less than
5 years. In addition, about 500,000 cases of
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shigellosis are reported each year among mili-
tary personnel and travelers from industrialized
countries.

• Age
Young children (ages 1–4) living in poverty,
travelers to tropical regions, and adults living
in crowded environments with poor hygiene
are most likely to contact bacillary dysentery.

• Sex
There is no gender predilection for bacillary
dysentery.

• Site
In most cases, the effects of the Shigella toxin
are limited to the large intestines, with
a predilection for the rectum.

• Treatment
The main component in the treatment of
the bacterial dysentery treatment is to hydrate
the patient by drinking plenty of liquids,
containing sugar and mineral salts. This oral
replacement is satisfactory for most people, but
some may need to receive fluids intravenously.
In most cases, the disease resolves within 4–8
days without antibiotics. Severe infections
may last 3–6 weeks.

Antibiotics (e.g., trimethoprim- norfloxacin,
ciprofloxacin, sulfamethoxazole, or furazoli-
done) may be given when the disease is
severe, when the person is very young or very
old, or when there is a high risk of the infection
spreading to other people. Additionally,
ampicillin (but not amoxicillin) is effective in
treating this disease. Antibiotics accelerate
recovery, but may develop antibiotic-resistant
forms of the disease, and therefore, their use is
discouraged.

• Outcome
Bacillary dysentery is usually curable in 7 days
with treatment. Most Shigella infections are
mild and do not require drastic treatment. In
a severe attack, excessive dehydration can be
fatal if treatment is unsuccessful (especially in
infants and young children). Also, during the
recovery period or even in the acute phase,
exudative arthritis may occur. In pregnant, crit-
ically ill patients, the Shigella toxin can cause
miscarriage or premature birth. When poorly

treated, bacillary dysentery can also lead to
sepsis, perforation, toxic megacolon, rectal
prolapse, Reiter’s syndrome, a leukemoid reac-
tion, otitis media, angular stomatitis, or hemo-
lytic uremic syndrome.

Macroscopy

Grossly, the large bowel is typically affected
(the distal left side usually more severely), but
the ileum may be involved as well. Initially, dis-
tribution is often continuous and can mimic ulcer-
ative colitis; patchy involvement is more common
as the disease resolves. The mucosa is edematous
and hemorrhagic, with exudates that may form
from pseudomembranes. Ulcerations are variably
present.

Microscopy

Morphologic changes are usually most severe
in the rectum. Early changes are generally
those of acute infectious-type colitis, including
a superficial neutrophilic infiltrate, edema, mucin
depletion, cryptitis, crypt abscesses, and
ulceration. Apthoid ulcers similar to Crohn’s dis-
ease are variably present. Pseudomembranes sim-
ilar to Clostridium difficile infection are fairly
common, and microtrombi can even be seen. As
the disease continues, there is increased mucosal
destruction with many neutrophils and mononu-
clear inflammatory cells in the lamina propria.
Architectural changes mimicking idiopathic
inflammatory disease are well described in
shigellosis, including crypt branching, crypt
disorganization, crypt dilatation, and marked
crypt distortion.

Differential Diagnosis

The differential diagnosis of early shigellosis is
primarily that of other infections, particularly
enteroinvasive Escherichia coli and non-typhoid
Salmonella. Pseudomembranous shigellosis
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may closely resemble the colitis caused by
Clostridium difficile, and the Clostridium difficile
antigen test may be very helpful in this instance.
Later in the course of the disease, it may be
extremely difficult to distinguish shigellosis from
Crohn’s disease or ulcerative colitis, both endo-
scopically and histologically. Clinical presenta-
tion (e.g., rapid onset of symptoms) may be very
helpful in resolving the differential diagnosis.
Stool cultures are essential, and specimens should
be rapidly inoculated onto appropriate culture
plates, since Shigella is fastidious and dies
quickly. Multiple cultures may be necessary.
Molecular essays for the diagnosis of shigellosis
are also available.
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Synonyms

HDGC; Hereditary diffuse gastric carcinoma

Definition

E-cadherin gastric carcinoma or hereditary diffuse
gastric carcinoma (HDGC) is a form of gastric
cancer in patients with germline alterations in the
CDH1 gene. HDGC is an autosomal-dominant
cancer-susceptibility syndrome and is character-
ized by diffuse gastric cancer and lobular breast
cancer. In 1998, Guildford et al. identified
germline mutations in the CDH1 gene to be the
cause of HDGC by linkage analysis and mutation
screening in three Maori kindreds with multi-
generational gastric cancer in New Zealand.

CDH1 encodes the protein E-cadherin, which
plays an important role in cell polarity and the
maintenance of epithelial integrity. Due to

mutations in CDH1, the cell-cell adhesion medi-
ated by E-cadherin is lost, which causes disruption
of the correct spatial organization of the cells. This
interferes with processes that regulate cell division,
such as the orientation of themitotic spindle. Abro-
gated cell polarity may also lead to the disruption
of cell fate determination, which can result in the
displacement of cells with self-renewal capacity
into the lamina propria. This may lead to formation
of multiple small signet ring cell (diffuse) carcino-
mas with the potential to progress into widely
invasive carcinoma.

Genetic counseling is essential in the
evaluation and management of HDGC. The
genetic evaluation should include a careful three-
generation family pedigree and histopathological
confirmation of gastric (pre-)malignancies.
Genetic testing should be initiated in an affected
proband. The revised international criteria as
established by the International Gastric Cancer
Linkage Consortium (IGCLC) to identify patients
eligible for CDH1 genetic testing include:

(1) Two or more documented cases of gastric
cancer at any age in first- or second-degree
relatives, with at least one confirmed diffuse-
type;

(2) Personal history of diffuse-type gastric cancer
before the age of 40 years;

(3) Personal or family history (first- or second-
degree relatives) of diffuse-type gastric cancer
and lobular breast cancer, one diagnosed
before the age of 50 years.
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In addition, genetic testing can be considered in
families with bilateral or multiple cases of lobular
breast cancer before the age of 50 years; families
with clustering of diffuse-type gastric cancer and
cleft lip/cleft palate and; any patient that is diag-
nosed with in-situ or pagetoid spread of signet
ring cells.

Clinical Features

• Incidence
Familial clustering is observed in approxi-
mately 10% of gastric cancer cases; 1.4%
(1–3%) of all gastric cancers are caused by
heterozygous inactivating germline mutations
in CDH1. These mutations are found in about
45% of families fulfilling the diagnostic criteria
for HDGC mentioned above. Germline CDH1
mutations are found in all ethnic groups but are
rare in countries with high rates of sporadic
gastric cancer, including Japan and Korea.
The reason for this uneven distribution is not
known.

• Age
The overall risk of HDGC before the age of 20
is very low but is increasing with reported
cumulative risks of developing advanced gas-
tric carcinoma of 60–70% by age 80. The mean
age at diagnosis is 40 years (range 14–85
years). Besides the high risk of developing
gastric cancer, female CDH1 mutation carriers
have an additional high lifetime risk of devel-
oping lobular breast cancer (around 40% in
women by age 80).

• Sex
No clear predominance of gender. Women
have next to the gastric cancer risk a high risk
of developing breast cancer.

• Site
In Maori families in New Zealand,
a predilection was observed for gastric cancer
to occur in the body-antral transitional zone.
This was not confirmed in North American and
European families, where carcinomas were
observed from the cardiac to prepyloric region,
being more frequently identified in the corpus/
fundus. Since all topographic regions in the

stomach are at risk and new gastric cancer
can develop in any remaining gastric mucosa,
histological confirmation of resection margins
after surgery is important.

• Treatment
Endoscopic surveillance is not standard
recommended, since this is ineffective to detect
small foci of signet ring cell (diffuse) carci-
noma, which are often <1 mm and located in
a normal mucosa. Multiple endoscopic biop-
sies carried out before prophylactic gastrec-
tomy in these patients failed to detect small
foci of mucosal signet ring cell carcinomas.
Further research using chromoendoscopy or
other techniques is under way. Endoscopic sur-
veillance is now recommended for proven
CDH1 mutation carriers under 20 years, for
carriers above 20 years who are willing to
postpone surgery, or for whom prophylactic
gastrectomy (biopsy-negative) is unacceptable
but gastrectomy with curative intent (biopsy-
positive) is acceptable and those with muta-
tions of undetermined significance (e.g., mis-
sense). Total prophylactic gastrectomy is
recommended in proven CDH1 mutation car-
riers above 20 years. A curative total gastrec-
tomy is advised in patients with positive
biopsies at any age.

• Outcome
The outcome of advanced diffuse gastric can-
cer is poor and depends on the stage of cancer.
Prophylactic gastrectomy has an estimated
mortality rate of up to 2%. Morbidity after
prophylactic surgery includes abdominal pain,
dumping syndrome, lactose intolerance, fat
malabsorption, steatorrhea, bacterial over-
growth, and postprandial fullness. All patients
lose weight and require lifelong vitamin B12
injections and follow-up for conditions such
as anemia and trace element deficiencies.
However, most patients undergoing prophylac-
tic gastrectomy are young, and negative con-
sequences of surgery seem to improve in the
first year after surgery. Small tumor foci found
in the prophylactic gastrectomy specimens do
not influence outcome, since there are no nodal
metastases or spread of tumor below the
muscularis mucosa.
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Macroscopy

Advanced HDGC presents as sporadic diffuse
cancers with grossly either a more localized
tumor or a diffuse linitis plastica appearance.
This contrasts with prophylactic gastrectomy
samples, where there are generally no abnormali-
ties visible macroscopically (Fig. 1). These spec-
imens are best included in total to find small
invasive tumors. The “Swiss roll” technique can
be used for including the complete mucosa.

Microscopy

Pathological mapping of complete prophylactic
gastrectomy specimens has shown that early-stage
HDGC is characterized by the presence of a few
up to hundred foci of stage T1a signet ring cell
(diffuse) carcinoma restricted to the superficial
lamina propria. The majority of these foci appear
relatively indolent and are composed of mitoti-
cally inactive neoplastic cells. In the mucosa,
these cells are small at the neck-zone level and
usually enlarge towards the surface of the gastric
mucosa. Signet ring cells are typically found in

these lesions, characterized by a large, mucus-
filled vacuole in the cytoplasm and an eccentric
displaced nucleus. HDGC development is thought
to start with signet ring cell carcinoma in situ
(Tis), corresponding to the presence of signet
ring cells within the basal membrane. This is
followed by a pagetoid spread pattern of signet
ring cells below the preserved epithelium of
glands and foveolae still within the basal
membrane. Increased proliferation of signet ring
cells eventually will lead to invasive carcinoma.
Striking is the discrepancy between the numerous
T1a carcinomas and most often absence of
carcinoma in situ (Tis) lesions, indicating that
invasion usually occurs without morphologically
detectable carcinoma in situ (Figs. 2 and 3).

In almost all prophylactic total gastrectomy
specimens, multiple small T1a mucosal signet
ring cell (diffuse) carcinomas are identified. The
presence of in situ lesions and pagetoid spread of
signet ring cells are distinct features in the
stomach and highly indicative for the presence
of germline CDH1mutations, since these features
are not reported in the gastric mucosa of patients
with sporadic diffuse gastric cancer (Figs. 4
and 5). These features should always be brought
to the attention of clinicians, and referral of the
patient to a geneticist is indicated. Background
changes in the gastric mucosa of prophylactic
gastrectomy specimens consist of foveolar hyper-
plasia, tufting of surface epithelium, vacuolization

E-Cadherin, Hereditary Diffuse Gastric Cancer,
Fig. 1 Gross image of macroscopically “normal” gastrec-
tomy specimen, opened along the greater curvature without
macroscopically visible abnormalities in preventive setting
but with microscopically numerous small pT1a signet ring
cell carcinomas

E-Cadherin, Hereditary Diffuse Gastric Cancer,
Fig. 2 Signet ring cell lesion confined to the mucosa,
exhibiting typical signet ring cell morphology with little
architectural distortion
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of surface epithelium, and mild chronic lympho-
cytic gastritis, generally without H. pylori infec-
tion or intestinal metaplasia.

Pathological analysis of the entire gastrectomy
sample includes a thorough assessment microscop-
ically with hematoxylin and eosin (H&E) and
a histochemical mucin stain, such as periodic
acid-Schiff (PAS) or Alcian Blue. PAS staining
has proven to be helpful as a primary stain, increas-
ing the detection rate of small invasive signet ring
cell foci and reducing screening time (Fig. 6). The
pathology report should mention all gastric abnor-
malities and localizations in the stomach, as well as
(pre-)malignant lesions, intestinal metaplasia,

dysplasia, inflammation, and signs of H. pylori
gastritis. Histological confirmation of resection
margins consisting of proximal squamous esopha-
geal and distal duodenal mucosa is essential, since
new gastric cancer can develop in any gastric
mucosa left in the patient.

Advanced HDGC presents as signet ring cell
carcinomas or poorly differentiated diffuse carcino-
mas (linitis plastica), in which sometimes only a few
signet ring cells can be identified.Mixed carcinomas
andmucinous differentiation can be observed. These
advanced gastric carcinomas of CDH1 mutation
carriers normally do not show any distinct

E-Cadherin, Hereditary Diffuse Gastric Cancer,
Fig. 4 In situ signet ring cell carcinoma

E-Cadherin, Hereditary Diffuse Gastric Cancer,
Fig. 5 Pagetoid spread of signet ring cells below the
epithelium

E-Cadherin, Hereditary Diffuse Gastric Cancer,
Fig. 3 Detail of signet ring cells between glands

E-Cadherin, Hereditary Diffuse Gastric Cancer,
Fig. 6 PAS staining outshining the signet ring cells
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characteristics and are therefore indistinguishable
from sporadic diffuse gastric cancer at advanced
stage.

Immunophenotype

Immunohistochemical expression using
E-cadherin staining has been shown to be often
reduced or absent in HDGC and precursor lesions
such as pagetoid spread lesions and in situ carci-
nomas. In routine pathology practice, staining is
of little value since E-cadherin expression is not
always reduced or absent, depending on the muta-
tion localization and specific mechanisms of inac-
tivation of the wild-type allele. Furthermore, it has
been shown that E-cadherin expression is often
reduced or absent in sporadic diffuse gastric can-
cer, due to somatic mutation in the tumor.
A cytokeratin stain can be helpful to confirm the
epithelial nature of a small invasive tumor, some-
times clear glassy changes, inflammatory infil-
trate, and small capillaries can mimic small foci
of signet ring cell carcinoma (Fig. 7).

Molecular Features

More than 100 germline alterations in the CDH1
gene have been published to date. The mutation

detection rate is approximately 45% of all families
fulfilling the strict HDGCcriteria. These alterations
are small frameshifts (28%), splice-site mutations
(27%), nonsense (20%), and 30-end large deletions
(1.6%). “Nonexpressing” mutations (predicted to
lead to complete ablation of mRNA expression)
account for 4.1% of the cases. A single family has
been reported to carry promoter methylation
(0.8%) and four families (3.3%) to carry 50-end
deletions that impair transcription initiation. Mis-
sense mutations affect 18.0% of all HDGC fami-
lies, and a single family has been reported to carry
an in-frame deletion (0.8%).

Examination of the genetic and epigenetic sec-
ond hits that occur in HDGC revealed somatic
alterations in 75% of signet ring cell carcinomas.
The most frequent second hit was promoter hyper-
methylation (32%) followed by loss of heterozy-
gosity (LOH) (25%) and a combination of both
promoter hypermethylation and LOH (18%).

Differential Diagnosis

– Advanced gastric carcinomas of CDH1
mutation carriers present as diffuse carcinomas
that are indistinguishable from diffuse sporadic
gastric cancers (Fig. 8). Patient and family
characteristics are important to suspect
a genetic cause.

E-Cadherin, Hereditary Diffuse Gastric Cancer,
Fig. 7 Loss of E-cadherin expression in signet ring cells,
with positive surrounding mucosa

E-Cadherin, Hereditary Diffuse Gastric Cancer,
Fig. 8 Advanced gastric carcinoma presenting as
a poorly differentiated diffuse carcinoma
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– An increased risk of developing diffuse gastric
cancer has been shown in several well-known
hereditary cancer syndromes, which include
Lynch syndrome, Peutz-Jeghers syndrome,
Li-Fraumeni syndrome, hereditary breast and
ovarian cancer, familial adenomatous poly-
posis (FAP),MUTYH-associated adenomatous
polyposis (MAP), juvenile polyposis syn-
drome, and Cowden syndrome. In these syn-
dromes gastric cancer is more often of the
intestinal type. The typical pagetoid spread of
signet ring cells and in situ lesions have only
been observed in patients with germline CDH1
mutations. In many families (50–60%) fulfill-
ing the strict HDGC criteria, no CDH1 muta-
tion is identified and remains genetically
unexplained. It is likely that most of these
families carry mutations in other gastric
cancer-susceptibility genes. Very recently,
a mutation in CTNNA1 gene has been identi-
fied in a family.
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Definition

AIDS enteropathy is a syndrome in an
HIV-positive individual characterized by chronic,
well-established diarrhea (greater than 1 month in
duration) without an identified infectious cause
after thorough evaluation (Zeitz et al. 1998).
As such, AIDS enteropathy is a diagnosis of exclu-
sion and can only be made after other forms of
diarrheal illness have been ruled out. Indeed,
reported evidence suggests that HIV itself may be
an indirect diarrheal pathogen because viral pro-
teins have been found in the gut. In situ hybridiza-
tion of biopsies specimens obtained from the
rectum and duodenum revealed HIV-infected
cells in both the base of the crypts and within the
lamina propria in up to 40% of patients; but while
the virus was confined to lamina propria macro-
phages and enterochromaffin cells, it was found in
epithelial cells (Nelson et al. 1988). Intestinal HIV
infection may also affect local humoral immunity
(with presence of high levels of interleukins IL-6,
IL-10 and interferon in the lamina propria) and
cause motility disturbances via effects on auto-
nomic nerves. While the exact working mecha-
nisms of HIV-induced diarrhea remains unclear,
there are currently two hypotheses: (1) mucosal
HIV infection disrupts tight junctions or epithelial
apoptotic activity (or both), thereby affecting intes-
tinal permeability; and (2) coupled with
a coreceptor, the HIV protein gp120 causes
calcium-mediated loss of microtubuli, with
subsequent cellular instability (Kotler 2005).

Clinical Features

• Incidence
Diarrhea is the most common gastrointestinal
symptom in patients with HIV. In outpatient
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studies, the prevalence of diarrhea without
identifiable pathogen ranged from 0.9% to
14%. Prevalence was increased in homosexual
men (as compared to the heterosexual popula-
tion) and individuals with lower CD4-positive
T-cell counts. In hospitalized individuals with
advanced HIV, 50–80% of all patients suffered
from mild to severe diarrhea. Furthermore,
there is considerable geographic variation in
the frequency of diarrhea and the spectrum of
enteric pathogens.

• Age
HIV patients of all ages can be affected by
AIDS enteropathy.

• Sex
HIV patients of both sexes can be affected by
AIDS enteropathy.

• Site
AIDS enteropathy is a disease entity limited to
the intestines.

• Treatment
HIV-infected patients with complaints of
chronic diarrhea should be treated symptomat-
ically. Antidiarrheals, including Lomotil,
Imodium, or tincture of opium drops, are
often required and should be titrated individu-
ally. Bulk-forming agents may be helpful.
While nutritional repletion will increase the
patient’s sense of well-being, it has not been
linked to an overall survival benefit. In cases of
severe diarrhea, short- or long-term intrave-
nous fluid repletion may be indicated.

Importantly, one should always investigate
whether an enteric pathogen is present when
confronted with diarrhea in AIDS patients, and
if one is found, a specific therapy should
be administered. Chronic administration of
alternating antibiotics may be necessary for
recurrent Salmonella, Shigella, Campylo-
bacter, Cryptosporidia, or Isospora infections.
An empiric trial of oral antibiotics or
antiparasite therapy for the possibility of
small bowel overgrowth, undetected
Campylobacter, Isospora enteritis, or
undetected protozoa can be considered.
Ciprofloxacin, tetracyclines, sulfonamides,
ciprofloxacin, or metronidazole may be appro-
priate in this setting (Cello and Day 2009).

Numerous agents have been tested in
patients with HIV-associated diarrhea, and
controlled studies have failed to define
a definitive treatment for cryptosporidiosis,
microsporidiosis, or pathogen-negative diar-
rhea. Especially cryptosporidiosis has been
a challenge to treat, because of its intracellular
location within enterocytes and innate
resistance. However, promising new data indi-
cate that cryptosporidiosis infection may be
cleared in patients receiving highly effective
antiretroviral therapy. Also, the somatostatin
analogue octreotide (administered subcutane-
ously) appears to be particularly effective in
patients with diarrhea who lack a specific
infection and thus fulfill the criteria of AIDS
enteropathy. This drug inhibits a broad array of
gastrointestinal hormones that regulate intesti-
nal fluid and electrolyte secretion, resulting in
a decrease of the diarrhea complaints. As
a result of its inhibition of cholecystokinin,
gallbladder ileus with stone formation and
increased fat malabsorption may occur.

• Outcome
Outcome will largely depend on effectiveness
of antiretroviral therapy, nutritional supple-
mentation, electrolyte replacements, targeted
therapy for infection if indicated, and medica-
tions for symptom control.

Macroscopy

HIV enteropathy has no specific macroscopic
features.

Microscopy

Histologically, the affected bowel will display
atypical features, such as villus atrophy, crypt
hyperplasia, or villous blunting in the small
bowel, and colitis resembling ulcerative colitis in
the large bowel. Some authors have described in
small bowel and colon biopsies of patients suffer-
ing from AIDS enteropathy a decrease in immu-
noglobulin IgA-producing plasma cells, and
a relative increase in IgM-producing plasma
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cells (Kotler et al. 1987). Furthermore, enteric
HIV infection may lead to mucosal atrophy,
which in turn impairs small-bowel absorption,
causing diarrhea and weight loss. Importantly,
one can only establish a diagnosis of HIV colitis
when other possible infectious organisms
have been ruled out, and the pathologist should
keep an eye out for these opportunistic microor-
ganisms, such as cryptosoridia and Mycobacte-
rium avium, which can be seen under the
microscope.

Differential Diagnosis

It is very important in HIV/AIDS patient suffering
from diarrhea to rule out an infectious origin of the
complaints. Indeed, a wide variety of protozoal,
viral, and bacterial organisms have been impli-
cated as diarrheal pathogens in HIV/AIDS
patients, and these should be ruled out before
establishing the diagnosis of AIDS enteropathy.
Some pathogens, like Mycobacterium avium, are
quite unique to HIV disease. Others, like Crypto-
sporidium, cause self-limited diarrheal illness
in healthy hosts but chronic diarrhea in
immunosuppressed patients. The degree of immu-
nodeficiency as reflected by the CD4 cell count is
an important determinant of enteric pathogens :
Mycobacterium avium and CMV infections are
not observed in patients with CD4 cell count
>100/mm3.

In earlier studies, pathogens were identified in
over half of patients with advanced HIV disease
and diarrhea. However, in larger, more recent
series, a changing clinical spectrum of diarrhea
was revealed, with pathogen-negative diarrhea
now representing the majority of patients. In all
series, simultaneous infections were common,
emphasizing the need to exclude all pathogens
thoroughly when evaluating diarrheal symptoms.

Also, pathogens are not always to blame in
AIDS patients suffering from diarrhea. In patients
with “early” HIV disease, medications are the
most common cause of diarrhea, especially
protease inhibitors such as Nelfinavir and
Saquinavir. This drug-induced type diarrhea is
often self-limited, lasting no more than 4 weeks

from initiation of medication use. Chronic/uncon-
trollable diarrhea, however, does occur in spite of
improved CD4 cell count and decreased viral
load. Other etiologies of diarrhea include
enteropathogenic Escherichia coli, idiopathic
colitis, and small bowel bacterial overgrowth.
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Enteropathy, Neonatal (Congenital)

Arzu Ensari
Department of Pathology, Ankara University
Medical School, Sihhiye, Ankara, Turkey

Synonyms

Childhood enteropathy; Congenital enteropathy;
Primary enteropathies; Severe (primary) enterop-
athies of infancy

Definition

Primary enteropathies of infancy comprise of epi-
thelial defects including microvillus inclusion dis-
ease, tufting enteropathy, and enteroendocrine cell
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dysgenesis and autoimmune enteropathies. The
diseases in this group cause severe chronic
(>2–3 weeks) diarrhea starting in the first weeks
of life and resulting in failure to thrive in the
infant. The diarrhea is either “intractable,” that
is, chronic, unexplained diarrhea, or “protracted”
describing infants with loose and frequent stools
which resolves despite initial severity. Both forms
are usually associated with malabsorption. Causes
of intractable or protracted diarrhea in infancy can
be classified as entities showing a normal villus/
crypt axis and those associated with villous atro-
phy. Congenital enteropathies are presented in
Table 1. Congenital defects in the transport of
sodium, chloride, glucose/galactose and bile
acids, and congenital enterokinase deficiency can
cause prolonged diarrhea in the neonates, while
enterocyte defects many of which have been
recently described may also cause similar symp-
toms. Microvillus inclusion disease (MID) and
epithelial dysplasia (ED) or tufting enteropathy
(TE) is the most frequent cause of intractable
diarrhea with persistent villous atrophy and indef-
inite dependence on total parenteral nutrition (PN)
from early infancy. Since these are intractable
diseases, they have been proposed to be elective
indication for early bowel transplantation in order
to avoid complications, such as PN-related liver

disease, that would require a combined small
bowel-liver transplant.

Clinical Features

• Incidence
A rare group of disorders affecting less than
1: 100,000 infants annually.

• Age
Primary enteropathies of infancy affect infants
in the first 6 months of life.

• Sex
There is no known sex predilection.

• Site
In the majority of disorders included in primary
enteropathies, the small bowel is affected,
although some may also affect the colon (e.g.,
tufting enteropathy).

• Treatment
Primary enteropathies cause intractable
diarrhea which requires long-term TPN,
immunosuppression, and/or intestinal
transplantation.

• Outcome
Severe intractable diarrhea of infancy has
a poor prognosis. The reported mortality rates
for primary enteropathies range between 5%
and 47%. However, recent developments
promise better outcomes after successful intes-
tinal transplantations.

Macroscopy

Endoscopy may be normal in those with a normal
villous/crypt axis, while entities causing villous
atrophy show flat mucosa with mosaic pattern.

Microscopy

Duodenal mucosa is usually normal in primary
enteropathies related to congenital transport or
enzyme deficiencies, while biopsy reveals a wide
range of abnormalities varying between normal
villous morphology to villous atrophy and/or
inflammation and specific features including

Enteropathy, Neonatal (Congenital), Table 1
Classification of neonatal enteropathies

Normal V/C axis Villus atrophy

Transport defects Microvillus inclusion
disease

Cl-losing diarrhea Tufting enteropathy

Congenital Na diarr. Autoimmune enteropathy

Glucose-galactose
malabsorption

IPEX syndrome

Micronutrient deficiency Infectious enteropathy

Acrodermatitis
enteropathica

Postinfectious enteropathy

Allergic enteropathy

Idiopathic enteropathy

Enzyme deficiencies

Enterokinase
deficiency

Congenital short bowel
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enterocyte abnormalities. The spectrum of histo-
pathologic features of neonatal enteropathies is
summarized in Table 2.

Immunophenotype

No specific immunophenotypic feature has been
reported for primary enteropathies.

Molecular Features

Molecular/genetic abnormalities have been
described for primary enteropathies depending
on the underlying disorder.

Differential Diagnosis

Neonatal early-onset severe diarrhea may be
caused by ion transport defects. However, con-
genital chloride diarrhea (CLD) or congenital
sodium diarrhea (CSD) can be easily distin-
guished from the absence of hydramnios and
by blood and stool electrolyte assessment.
CLD is a rare autosomal recessive disorder of

intestinal Cl/HCO3 exchange caused by mutations
in the SLC26A3 gene and characterized by persis-
tent Cl-rich diarrhea from birth. Chloride is low in
urine and very high in stools. CSD is caused by
defective sodium/proton exchange with only few
sporadic cases reported. The genetics of the dis-
ease have not yet been established. Patients have
acidosis and hyponatremia, and stools show high
concentrations of HCO3 and sodium.

Glucose-galactose malabsorption (GGM) is an
autosomal recessive disease that presents in new-
born infants as a life-threatening diarrhea. The
diarrhea ceases after removing the oral intake of
lactose, glucose, and galactose.

MID is a congenital disorder of the intestinal
epithelial cells that presents with persistent
life-threatening watery diarrhea and is character-
ized by morphological enterocyte abnormalities.
MID is a very rare disorder transmitted as an
autosomal recessive trait. Recently, mutations in
MYO5B gene located on 18q21 which encodes
myosin Vb responsible for actin-dependent
organelle transport and regulation of endosome
distribution were identified. Light microscopy
shows accumulation of PAS-positive granules at
the apical pole of immature enterocytes, together
with atrophic band indicating microvillus atrophy
and, in parallel, an intracellular PAS or CD10
positive line. Ultrastructural analysis reveals
a partial to total atrophy of microvilli on mature
enterocytes with apical accumulation of numerous
secretory granules in immature enterocytes.

TE should be suspected in neonates with early-
onset intractable diarrhea persisting at bowel rest.
In patients with neonatal diarrhea and villous
atrophy in which MID has been ruled out, the
evidence of a punctuated keratitis is very relevant
for the diagnosis of TE, since more than 60% of
the cases have this association. The diagnosis of
TE is especially problematic when the tufts are
missing or hard to find and often leads to treat the
disease as an immune enteropathy.

References and Further Reading

Cuenod, B., Brousse, N., Goulet, O., De Potter, S.,
Mougenot, J. F., Ricour, C., Guy-Grand, D., &

Enteropathy, Neonatal (Congenital), Table 2 Histo-
pathologic spectrum of neonatal enteropathies

Normal villus morphology

Congenital chloride diarrhea

Carbohydrate malabsorption

Sucrose isomaltase deficiency

Villus atrophy/inflammation

Autoimmune enteropathy and IPEX

Microvillus inclusion disease

Tufting enteropathy

Gluten-sensitive enteropathy

Eosinophilic gastroenteritis

Congenital immunodeficiency disorders

Specific or characteristic features

Fat-filled enterocytes (abetalipoproteinemia,
chylomicron retention disease)

Infectious agents

Absence of plasma cells (immunodeficiency)

Lymphangiectasia

Metabolic storage disorders
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Eosinophilic Colitis

Karel Geboes
Department of Pathology, N. Goormaghtig
Institute, University Gent, Gent, Belgium
Department of Pathology, KU Leuven,
Leuven, Belgium

Synonyms

Allergic colitis (proctitis or proctocolitis); Milk-
protein proctocolitis

Definition

Eosinophilic colitis is a heterogeneous disorder
characterized by the presence of a dense eosino-
philic infiltration in the colon that can be segmen-
tal or diffuse (Fig. 1). It may affect children as well
as adults. Three different types must be distin-
guished: primary eosinophilic colitis, which
belongs to the family of primary eosinophilic
gastrointestinal disorders (EGID), secondary

eosinophilic colitis, and colitis in the framework
of the hypereosinophilic syndrome (HES). Sec-
ondary eosinophilic colitis is observed in a variety
of diseases such as idiopathic inflammatory bowel
disease (IBD), parasitic and helminthic infections
with Strongyloides stercoralis, Enterobius
vermicularis, and drug-associated colitis. Drugs
involved include clozapine, carbamazepine, gold
salts, rifampicin, antiplatelet agents, tacrolimus,
and naproxen. Other associations include vasculi-
tis (Churg-Strauss), autoimmune connective tis-
sue disease (scleroderma, dermatomyositis,
polymyositis), systemic mastocytosis as well as
allogenic bone marrow transplantation and the
rare Tolosa-Hunt syndrome characterized by
headache, ophthalmoplegia, and cranial nerve
palsies. Classically, the HES exhibits markedly
increased levels of blood eosinophilia
(>1,500 ml) persistent for at least 6 months, clonal
eosinophilia, and involvement of multiple organs.
Two distinct subcategories of clonal eosinophilia
are however recognized: chronic eosinophilic leu-
kemia-NOS (not otherwise specified) and mye-
loid/lymphoid neoplasms involving platelet-
derived growth factor A &B (PDGFRA,
PDGFRB) or fibroblast growth factor receptor 1
(FGFR1). The gut is rather an innocent bystander
with eosinophils infiltrating various sites.

Eosinophilic Colitis, Fig. 1 Microphotograph showing
a diffuse infiltrate of eosinophils in the lamina propria
(Courtesy of Dr A. Jouret-Mourin)
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Primary eosinophilic colitis may present with
the classical hallmarks of EGID including periph-
eral eosinophilia (in the range of 5–35%), seg-
mental eosinophilic infiltration, and functional
abnormalities. Symptoms are usually nonspecific
and depend on the affected segment. The disease
may affect primarily the mucosa or the serosa or
may be transmural. Clinical complaints include
abdominal pain, nausea, vomiting, diarrhea,
bleeding, weight loss, and ascites. Mucosa-
predominant disease results in diarrhea, while
transmural disease may be associated with
obstruction, volvulus, intussusceptions, and even
perforation.

No single test is the gold standard for diagno-
sis. The final diagnosis of primary eosinophilic
colitis is based on endoscopic biopsies demon-
strating colonic tissue hypereosinophilia and the
absence of any other primary disorder that may
cause secondary eosinophilic infiltrates. Periph-
eral eosinophilia is present in 20–90% of the
patients. Eosinophils in the stools are also sugges-
tive of eosinophilic colitis.

The precise etiology of primary eosinophilic
colitis is unclear. There is an interaction between
genetic and environmental factors. Approxi-
mately 75% of affected young patients have
a history of allergy or atopy. Cow’s milk and
soy proteins are the foods most frequently
implicated in the infantile form, although the con-
dition has been reported in infants exclusively
breast-fed or given protein-hydrolyzed formulas.
The disease is due to the exposure to food aller-
gens, causing a mixed IgE and non-IgE allergic
reaction. Mast cell accumulation and degranula-
tion in colonic tissue has been reported which
supports the role of IgE in eosinophilic colitis.
Furthermore, the reaction may induce a Th2-
related immune response. The Th2 lymphocytes
release cytokines such as IL-3, IL-4, IL-5,
which function as chemo-attractants of inflamma-
tory cells (mast cells, eosinophils). Besides
these cytokines other chemokines, such as
eotaxin-1, eotaxin-2, eotaxin-3, are involved in
the recruitment and tissue infiltration of eosino-
phils. Less is known about the potential causes of
the adult form. Food-related anaphylaxis is
uncommon.

Clinical Features

• Incidence
EGID, originally described by Kaijser in 1937,
is a rare spectrum of gastrointestinal disorders.
It affects the pediatric population although it
has been reported also in patients up to 68 years
of age. While eosinophilic esophagitis is
diagnosed in about 1% of the population, pri-
mary eosinophilic colitis is the least frequent
manifestation of EGID and exceptionally rare.
Five cases were observed between 2003 and
2010 at the University of Minnesota. In con-
trast to increased trends seen in primary
eosinophilic esophagitis, the prevalence of
eosinophilic colitis does not appear to be
increasing.

• Age
Primary eosinophilic colitis appears to have
a bimodal distribution that affects neonates
(presenting at approximately 60 days) with
a relatively high prevalence and a separate
group presenting during adolescence and
early adulthood.

• Sex
No gender preference has been noted.

• Site
Eosinophilic colitis is limited to the colon, but
primary and secondary eosinophilic infiltration
of the colon may also occur as part of a larger
condition which is then called enterocolitis or
gastro-enterocolitis.

• Treatment
To date, there are no prospective controlled
randomized trials on medical treatment for pri-
mary eosinophilic colitis. Corticosteroid ther-
apy is the most common commonly used initial
treatment and most effective for symptom con-
trol. Up to 90% of patients will respond within
2 weeks but relapse is frequent. A role for
budesonide has been demonstrated particularly
in the right colon. The beneficial effect of elim-
ination and elemental diets is limited to cases
with specific food allergies, especially in neo-
nates. Expertise with other medical treatments
such as antihistamine therapy, mast cell stabi-
lizers, and leukotriene inhibitors in eosino-
philic colitis is limited. More recently, the
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role of biologics is considered. Chemokines
such as eotaxin are involved in eosinophil
recruitment. This provides a rationale for
blocking this agent, either by immunomodula-
tory agents such as azathioprine or by biolog-
icals. Other biologic drugs target the binding of
IgE to the high-affinity receptor, Fc epsilon RI,
or IL-5, involved in maturation and prolifera-
tion, survival of eosinophils. Clinical studies
are however needed to validate these
approaches.

The treatment for secondary eosinophilic
colitis is essentially the treatment of the pri-
mary disease. In ulcerative colitis, the persis-
tence of tissue eosinophilia in the colon may be
a marker of possible relapse.

• Outcome
Eosinophilic colitis of infancy is usually
a benign disease. On withdrawal of the
offending protein, gross blood in the stools
usually resolves within 72 h. The vast majority
of patients are able to tolerate the culprit food
by 1–3 years of age. The prognosis for eosin-
ophilic colitis at later age is good.

Macroscopy

The gross aspect of the colon is
nonspecific. Endoscopy may be normal, limited
to lymphonodular hyperplasia which is not
uncommon in young patients, or reveal edema-
tous mucosa with a loss of the normal vascular
pattern, punctate erythematous changes, and even
superficial ulcerations. Changes can occur
throughout the colon but tend to be more promi-
nent in the ascending colon and rectum.

Microscopy

No clear consensus exists with regard to the
degree of tissue eosinophilia or the presence of
distinct pathologic findings necessary for the
diagnosis of eosinophilic colitis. With exception
of the esophagus, eosinophils are normal constit-
uents of the whole gastrointestinal tract, be it
that their number varies in function of the

segment of the gut. For the colon, most authors
propose a diagnostic threshold of 20 eosinophils
per high-power field present as focal aggregates or
more diffuse in the lamina propria and muscularis
mucosae (Fig. 2). However, normal values
for tissue eosinophils in the colon vary widely.
Location of the biopsy is an important variable.
Lamina propria eosinophils are, on average, 3
times more numerous in the ascending compared
with the descending colon. The normal value may
range from <10 per high-power field in the rec-
tum to >30 in the cecum, where the highest nor-
mal number can be found. The number of
eosinophils may also vary in function of the
season and the geography. Mucosal eosinophils
are slightly more numerous in samples obtained in
April and May, corresponding to periods of
high pollen counts. A 35-fold difference between
the mean eosinophil numbers was found
when patients from New Orleans and Boston
were compared. Eosinophils are not normally
present in Peyer’s patches or intraepithelial
locations.

Diagnostic criteria for primary eosinophilic
colitis therefore include certainly the presence of
focal aggregates of eosinophils in the (crypt) epi-
thelium (Fig. 3). The lesions can be associated
with epithelial damage such as erosions and
crypt abscesses.

Eosinophilic Colitis, Fig. 2 Diffuse increase of eosino-
phils in the lamina propria exceeding 20 per high-power
field (Courtesy of Dr A. Jouret-Mourin)
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Immunophenotype

There are no specific studies for primary eosino-
philic colitis. In eosinophilic esophagitis, it was
reported that levels of surface CD66b as well as
levels of intracellular phospho-STAT1 and phos-
pho-STAT6, (STAT: Signal Transducers and Acti-
vators of transcription), both transcription factors
involved in inflammatory processes, were signif-
icantly higher in peripheral blood eosinophils for
untreated subjects compared with healthy con-
trols. These findings need however confirmation,
and their meaning is not yet clear.

Molecular Features

Eosinophils are formed in the bone marrow. Mat-
uration is regulated by transcription factors
GATA-1, GATA-2, and c/EBP (GATA: transcrip-
tion factor family related by a high degree of
amino acid sequence identity; zinc finger family
member; EBP: enhancer-binding protein). They
cooperate with “permissive” eosinophil growth
factors IL-3, IL-5, and GM-CSF. IL-5 is respon-
sible for the release of eosinophils into the periph-
eral circulation. Finally, eosinophils relocate into
specific tissues. They are normally present in the
lamina propria of the stomach, small intestine, and
colon. Homing occurs in the prenatal period inde-
pendent of indigenous flora. The function of

eosinophils in the digestive tract is not well
known. They might have a role in tissue or
organ development and mucosal defense. They
can release preformed granule constituents
including four cytotoxic cationic proteins: eosin-
ophilic peroxidase (EPO), major basic protein
(MBP), eosinophilic cationic protein (ECP) and
eosinophil-derived neurotoxin (EDN), and
a variety of cytokines, neuromediators, and lipid
mediators. They are also involved in propagating
immune responses by presenting antigens to
T cells.

Differential Diagnosis

It is essential to differentiate between primary
eosinophilic colitis and secondary forms such as
parasitosis (Fig. 4), because the treatment is dif-
ferent. A complete workup of the patient is there-
fore needed. The finding of an increased
eosinophil count in the left colon could be an
indication of drug-related disease.
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Eosinophilic Esophagitis
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Laboratorial – Serviço de Anatomia Patológica,
Instituto Portugues de Oncologia Lisboa
Francisco Gentil, IPOLFG, E.P.E, Lisbon,
Portugal
2Division of Anatomic Pathology, Department of
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Synonyms

Eosinophilic (allergic, idiopathic) esophagitis;
Primary eosinophilic esophagitis

Definition

Eosinophilic esophagitis has been described as
a variant of the family of presumably allergic

eosinophilic disorders that can involve any por-
tion of the gastrointestinal tract (Antonioli and
Furuta 2005). The favored interpretation is that it
is the result from local hypersensitivity to food- or
blood-borne allergens and that antigen-presenting
cells play an important role in its pathogenesis
(Lucendo et al. 2007). It is a recently recognized
disorder that has some features that may mimic
gastroesophageal reflux disease (GERD) clini-
cally, endoscopically, and histologically. By defi-
nition, patients have normal pH monitoring levels
and fail to respond to antireflux therapy. Eosino-
philic esophagitis tends to occur in children or
young adults, with a strong male predominance,
and its pathogenesis is not fully understood. Many
affected patients reveal an allergic history
and have peripheral eosinophilia [>0.45 � 109/L
(450/ml)]. Symptoms manifest differently
according to the age groups: infants and young
children often present with feeding difficulties,
whereas older children and adults usually com-
plain of dysphagia and food impaction. If not
recognized early, it can progress to odynophagia
and stenosis. Most authorities believe that this
disorder is caused by a combination of allergic
and immunologic factors (Liacouras and Ruchelli
2004). Affected patients often reveal other forms
of atopy, such as atopic dermatitis, allergic rhini-
tis, and bronchial asthma (about 60–75%), and
some patients show symptomatic improvement
when a particular type of food allergen is identi-
fied and eliminated from their diet (Markowitz
et al. 2003), for example, cow’s milk and soy
products. Some authors also believe that injury
to the squamous epithelium secondary to GERD
increases epithelial permeability and facilitates
penetration by large-sized allergic peptides that
could potentially trigger a local type of allergic
response (Genta et al. 2007).

Clinical Features

• Incidence
The incidence of eosinophilic esophagitis is
increasing markedly (Furuta et al. 2007), and
it is not an uncommon entity seen in pediatric
gastroenterology services.

Eosinophilic Esophagitis 227

E



• Age
Eosinophilic esophagitis occurs in all ages, but
it is more common in the pediatric age group.

• Sex
Strong male predominance.

• Site
Along the length of the esophagus.

• Treatment
Therapy includes dietary elimination of
offending food and swallowing of topical
steroids.

• Outcome (prognosis)
The prognosis is excellent when treatment is
given promptly. Progression of the disease is
seen when an incorrect diagnosis of reflux is
rendered. Improvements are sometimes
dramatic.

Macroscopy (Gross)

Endoscopically, patients with eosinophilic esoph-
agitis often exhibit characteristic concentric
mucosal rings, also referred to as “trachealization”
of the esophagus, or “ringed” esophagus
(Gonsalves 2007; Spechler et al. 2007). Other
endoscopic findings include small, punctate
mucosal whitish plaques/exudates, narrow-caliber
esophagus, and mucosal tears (Siafakas et al.
2000). Occasionally, the esophagus in patients
with eosinophilic esophagitis may appear entirely
normal. However, more than 90% of affected
patients display one or more of the endoscopic
abnormalities listed above (Potter et al. 2004).

Microscopy

Histologically, the features of eosinophilic esoph-
agitis overlap with those of GERD (Fig. 1), par-
ticularly in distal esophageal biopsies, and in both
of these conditions, intraepithelial eosinophils
may be patchy in distribution (Fig. 2). Thus, sam-
pling error may also affect one’s ability to estab-
lish a correct diagnosis. Although biopsies of
patients with eosinophilic esophagitis tend to
reveal more prominent intraepithelial eosino-
philia, typically in the range of 15–20 or

more eosinophils per high-power field
(400� – Fig. 3), severe GERD also may produce
pronounced intraepithelial eosinophilia in this
range in a minority of cases. Histologic features
that favor eosinophilic esophagitis include the
presence of aggregates or microabscesses of
eosinophils (defined as an organized collection
of eosinophils associated with cell necrosis),
a predominance of eosinophils located within the
superficial layers of the squamous epithelium, and
abundant eosinophils mixed with superficial des-
quamated luminal debris (Fig. 4) (Gonsalves,
2007; Spechler et al. 2007). The American Gas-
troenterological Association (AGA)-sponsored

Eosinophilic Esophagitis, Fig. 1 Eosinophilic esopha-
gitis with marked reactive squamous hyperplasia (H&E,
100�)

Eosinophilic Esophagitis, Fig. 2 Intraepithelial eosino-
phils may be patchy in distribution; consequently, multiple
biopsies and multiple levels of each biopsy are
recommended in suspected cases (H&E, 200�)
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review on eosinophilic esophagitis, published in
2007, defines this condition as one in which more
than 15 eosinophils per high-power field are iden-
tified in esophageal mucosal biopsies from
patients who lack a positive response to proton
pump inhibitor therapy, have normal pH monitor-
ing values, or both (Furuta et al. 2007). Other
histologic features of eosinophilic esophagitis
include the presence of prominent eosinophilic
degranulation and marked basal zone hyperplasia
and lengthening of the lamina propria papillae.
These histologic features, although helpful, are
not considered perfect for discriminating eosino-
philic esophagitis from GERD, particularly in
biopsies from the distal esophagus. However,

biopsy-proven involvement of the mid or upper
regions of the esophageal mucosa has greater
diagnostic significance for eosinophilic esophagi-
tis, because GERD only rarely extends to the more
proximal aspects of the esophagus.

Molecular Features

Eotaxin-3, a gene that encodes a component of the
immunologic cascade, has been shown to be
highly induced in patients with eosinophilic
esophagitis compared with normal controls,
a finding that suggests a component of genetic
susceptibility (Mishra and Rothenberg 2003).

Differential Diagnosis

The differential diagnosis of eosinophilic esopha-
gitis includes GERD, eosinophilic gastroenteritis,
Crohn’s disease, collagen-vascular diseases, infec-
tious esophagitis (secondary to herpes, Candida, or
parasites), drug-associated esophagitis, and hyper-
eosinophilic syndrome. As previously discussed,
given the overlap of histologic features of GERD
and eosinophilic esophagitis, biopsy evaluations
from the mid and proximal esophagus are the
most diagnostically useful. Careful examination
of histologic sections to exclude parasitic and fun-
gal infection is also important. The types of plaques
observed in patients with eosinophilic esophagitis

Eosinophilic Esophagitis, Fig. 3 Increased number of intraepithelial eosinophils (>20 per high-power field) (H&E,
400� – a), predominantly in the superficial portions of the epithelium (H&E, 200� – b)

Eosinophilic Esophagitis, Fig. 4 Accumulation of
eosinophils within the superficial necroinflammatory
debris (H&E, 200�)
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may suggest Candida esophagitis endoscopically,
but upon microscopy, the plaques in the former
condition consist of sloughed squamous cells
admixed with eosinophils, which are easily distin-
guished from the fungal elements characteristic of
Candida esophagitis. Distinguishing eosinophilic
esophagitis from eosinophilic gastroenteritis can
be a challenge, particularly if the stomach and
duodenum have not been biopsied. Most cases of
eosinophilic gastroenteritis reveal gastric antral
involvement, and a smaller proportion shows duo-
denal involvement as well. Nevertheless, mucosal
biopsies in patients with eosinophilic gastroenteri-
tis often show numerous eosinophils, frequently
degranulated, infiltrating both the lamina propria
and epithelium, and usually involve one or more of
the esophagus, stomach, and duodenal regions. In
addition, correlation with clinical symptoms of
generalized mucosal involvement, such as nausea,
vomiting, and diarrhea, is also helpful in
establishing a correct diagnosis. Because the eosin-
ophilic infiltrate in eosinophilic esophagitis is often
focal, multiple biopsies and multiple levels of each
biopsy should be evaluated in suspected cases.
Finally, the diagnosis of eosinophilic esophagitis
is best rendered in biopsies obtained after anti-
GERD therapy.

References and Further Reading

Antonioli, D. A., & Furuta, G. T. (2005). Allergic eosino-
philic esophagitis: A primer for pathologists. Seminars
in Diagnostic Pathology, 22, 266–272.

Furuta, G. T., Liacouras, C. A., Collins, M. H., et al.
(2007). Eosinophilic esophagitis in children and adults:
A systematic review and consensus recommendations
for diagnosis and treatment. Gastroenterology, 133(4),
1342–1363.

Genta, R. M., Spechler, S. J., & Souza, R. F. (2007). The
twentieth eosinophil. Advances in Anatomic Pathology,
14, 340–343.

Gonsalves, N. (2007). Food allergies and eosinophilic gas-
trointestinal illness. Gastroenterology Clinics of North
America, 36, 75–91.

Liacouras, C. A., & Ruchelli, E. (2004). Eosinophilic
esophagitis. Current Opinion in Pediatrics, 16,
560–566.

Lucendo, A. J., Navarro, M., Comas, C., Pascual, J. M.,
Burgos, E., Santamaría, L., & Larrauri, J. (2007).
Immunophenotypic characterization and quantification

of the epithelial inflammatory infiltrate in eosinophilic
esophagitis through stereology: an analysis of the cel-
lular mechanisms of the disease and the immunologic
capacity of the esophagus. The American Journal of
Surgical Pathology, 31, 598–606.

Markowitz, J. E., Spergel, J. M., Ruchelli, E., & Liacouras,
C. A. (2003). Elemental diet is an effective treatment
for eosinophilic esophagitis in children and adoles-
cents. The American Journal of Gastroenterology, 98,
777–782.

Mishra, A., & Rothenberg, M. E. (2003). Intratracheal IL-
13 induces eosinophilic esophagitis by an IL-5,
eotaxin-1, and STAT6-dependent mechanism. Gastro-
enterology, 125, 1419–1427.

Potter, J. W., Saeian, K., Staff, D., et al. (2004). Eosino-
philic esophagitis in adults: An emerging problem with
unique esophageal features. Gastrointestinal Endos-
copy, 59, 355–361.

Siafakas, C. G., Ryan, C. K., Brown, M. R., &Miller, T. L.
(2000). Multiple esophageal rings: An association with
eosinophilic esophagitis: Case report and review of the
literature. The American Journal of Gastroenterology,
95, 1572–1575.

Spechler, S. J., Genta, R. M., & Souza, R. F. (2007).
Thoughts on the complex relationship between gastro-
esophageal reflux disease and eosinophilic esophagitis.
The American Journal of Gastroenterology, 102,
1301–1306.

Eosinophilic Gastritis

Helena Baldaia
Serviço de Anatomia Patológica, Centro
Hospitalar de São João, Porto, Portugal

Synonyms

“Allergic” gastroenteritis; Eosinophilic
gastroenteritis

Definition

Eosinophilic gastritis is characterized by
a prominent eosinophil-rich inflammation in the
gastric wall (Lash et al. 2009) without known
cause. Isolated gastric eosinophilia is very rare and
it is usually associated with involvement of the
duodenum, esophagus, or other gastrointestinal
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(GI) segments, which is also referred as eosinophilic
gastroenteritis (Lash et al. 2009).

As the gastric mucosa has a variable number of
eosinophils, the diagnosis, especially in biopsy
material, can be difficult. One study addressed
the number of eosinophil counts in the normal
gastric mucosa and other eosinophil-rich entities
in the stomach and the authors proposed working
diagnostic criteria: (1) patients who have gastric
biopsies that show an average density of >127
eosinophils/mm2 (or �30 eosinophils per HPF in
microscopes equipped with wide-lens oculars)
and (2) patients that have no known associated
causes of eosinophilia. These criteria were
proposed in an attempt to homogenize the
diagnosis of this entity and for further characteri-
zation of the disease (Lwin et al. 2011).

Eosinophilic gastroenteritis can be classified
on the basis of the GI segments involved but
also the layers of the GI tract involved (mucosal,
mural, and serosal types). Previous studies have
shown that, in the stomach mucosal, involvement
is the commonest type (approximately 60%), with
muscular and serosal involvement seen in approx-
imately 30% and 10% of the cases, respectively
(Holroyd et al. 2010). Clinical manifestations are
related to the latter classification. Mucosal
involvement of eosinophilic gastroenteritis is
associated with hemorrhage, nausea, vomiting,
and malabsorption, while muscular (mural)
involvement is frequently associated with wall
thickening and obstructive symptoms. Serosal
involvement can result in eosinophil-rich ascites
(Lash et al. 2009).

The pathogenesis of eosinophilic gastroenteritis
is still unknown but an allergic etiology, probably
with the involvement of eotaxin-1, is supported by
the fact that 75% of patients are atopic. Also
a reduction of the severity of the disease is some-
times seen when certain foods are eliminated from
the diet and mast cell degranulation is usually
found in tissue specimens (Lash et al. 2009). In
some patients there is IgE elevation (Robert 2009)
and blood eosinophilia (Lash et al. 2009). Approx-
imately 10% of patients with this condition have an
immediate family member with a similar affliction
(Lash et al. 2009).

Clinical Features

• Incidence
Eosinophilic gastroenteritis is an uncommon con-
dition (Fenoglio-Preiser et al. 2008). Isolated gas-
tric involvement is very rare (Lash et al. 2009).

• Age
Eosinophilic gastroenteritis usually presents
between the second and fifth decades of life
(Fenoglio-Preiser et al. 2008). Children are
more frequently affected than adults
(Lash et al. 2009).

• Sex
There is no gender predilection reported.

• Site
The stomach is the most common site of
involvement in eosinophilic gastroenteritis,
frequently associated with small bowel disease
(Robert 2009).

• Treatment
Treatment modalities include dietary eviction of
certain allergenic foods and steroid therapy
(Robert 2009). There have also been reports on
the use of leukotriene inhibitors. Even if gastro-
esophageal reflux is not present, neutralization of
gastric aciditymay improve symptoms. In severe,
refractory cases immunosuppressive antimetabo-
lite therapy has been advocated as an alternative
(Rothenberg 2004). Sometimes, in obstructive
disease, resection may be necessary before
a diagnosis can be established (Robert 2009).

• Outcome
The natural history of this condition has not
been well documented. Although there have
been reports of good results with steroid
therapy, these diseases are often chronic with
a waxing and waning course.

When the disease presents in infancy, and
specific food sensitization can be identified,
there is a high likelihood of disease remission
by late childhood (Rothenberg 2004).

Macroscopy

In one case series, the most common endoscopic
findings were a normal stomach or erythema
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and gastritis, with or without erosions (Lwin et al.
2011).

Microscopy

One important aspect of eosinophilic gastroenter-
itis is the frequent patchy aspect of the lesions that
may hamper the diagnosis. Multiple biopsies
should be evaluated, including deeper biopsies
(Fenoglio-Preiser et al. 2008). The histological
hallmark is the presence of a variably dense eosin-
ophilic infiltrate in the gastric wall, frequently
with numerous eosinophils in the lamina propria

and foveolar surface (Lash et al. 2009) (Fig. 1).
Some biopsies may show eosinophilic crypt
abscesses, surface erosion, or ulceration (Robert
2009). Of note is that the absence of mucosal
alterations in a patient suspected of having eosin-
ophilic gastroenteritis does not exclude the diag-
nosis, since the disease can be very patchy in
distribution and the involvement may be predom-
inantly mural or serosal. In the former, the mus-
cular layer may be thickened and infiltrated by
eosinophils, with marked submucosal edema. In
the serosal form, edema and eosinophils are lim-
ited to the subserosal layers. In this case
a cytological diagnosis can usually be made
(Robert 2009).

Eosinophilic Gastritis, Fig. 1 Eosinophilic gastritis. Gastric corpus mucosa with numerous eosinophils in the lamina
propria
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Immunophenotype

There are no immunophenotypical aspects
characteristic to this disease.

Molecular Features

At the present there are no reports of molecular
aspects characteristic of this disease.

Differential Diagnosis

The differential diagnosis is with other
eosinophil-rich gastritis. Parasitic infections
must be thoroughly excluded by histological, clin-
ical, and microbiological methods. Crohn’s dis-
ease may be difficult to distinguish from
eosinophilic gastroenteritis. However, granulo-
mas are not a feature of the latter (Robert 2009).
Drug reactions usually are not associated with
such a massive eosinophil infiltration. In this
case clinical information can be helpful determin-
ing the correct diagnosis (Lash et al. 2009).

References and Further Reading

Fenoglio-Preiser, C. M., Noffsinger, A. E., Stemmermann,
G. N., Lantz, P. E., & Isaacson, P. G. (2008). The non-
neoplastic stomach. In J. McGouh & J. Pine (Eds.), Gas-
trointestinal pathology an atlas and text (pp. 196–197).
Philadelphia: Lippincott Williams & Wilkins.

Holroyd, D. J., Banerjee, S., Chaudhary, K. S., et al.
(2010). Transmural eosinophilic gastritis with gastric
outlet obstruction: Case report and review of the
literature. Annals of the Royal College of Surgeons of
England, 92(4), W18–W20.

Lash, R. H., Lawuers, G. Y., Odze, R. D., & Genta, R. M.
(2009). Inflammatory disorders of the stomach. In R. Odze
& J. Goldblum (Eds.), Surgical pathology of the GI tract,
liver, biliary tract and pancreas. Philadelphia: Saunders.

Lwin, T., Melton, S. D., & Genta, R. M. (2011).
Eosinophilic gastritis: Histopathological characteriza-
tion and quantification of the normal gastric eosinophil
content. Modern Pathology, 24, 4,556–563.

Robert, M. E. (2009). Inflammatory disorders of the small
intestine. In R. Odze & J. Goldblum (Eds.), Surgical
pathology of the GI tract, liver, biliary tract and
pancreas. Philadelphia: Saunders.

Rothenberg, M. E. (2004). Eosinophilic gastrointestinal
disorders (EGID). The Journal of Allergy and Clinical
Immunology, 113(1), 11–28.

Epstein-Barr Virus (EBV), Esophagitis

Paula Borralho Nunes
Hospital Cuf Descobertas and Escola Superior de
Tecnologia da Saúde de Lisboa and Instituto de
Anatomia Patológica, Faculdade de Medicina da,
Universidade de Lisboa, Lisboa, Portugal

Synonyms

Human herpesvirus four esophagitis

Definition

Epstein-Barr virus (EBV) esophagitis is a form of
esophagitis caused by herpesvirus in immuno-
competent or immunocompromised patients.

EBV is a ubiquitous virus that infects and estab-
lishes a persistent infection in the host. Clinically, it
causes two types of infection: the primary infec-
tion, which ranges from a mild self-limited illness
in children to infectious mononucleosis in adoles-
cents and adults, and the reactivation of latent
infection in immunocompromised patients (Gesser
1997). EBV replicates and is shed periodically
from epithelial cells in the oropharynx or from
salivary glands and persists through interactions
with two different host cell types: epithelial cells
at the surface of the body that are fully permissive
for the production of infectious virus and serve to
transmit the virus from person to person and cells
situated deeper in the body that generally are non-
permissive and function as a reservoir of latent
virus.

At least in theory, virus infecting epithelial
cells in the oropharynx could potentially infect
esophageal epithelial cells as well, causing esoph-
agitis in predisposed patients. In fact, evidence
has emerged to show that the prime target EBV
is the epithelial cell (Pattengale et al. 1973), ren-
dering esophageal squamous stratified epithelium
a potential candidate for infection. The pathogen-
esis of Epstein-Barr virus (EBV) esophagitis is
not well known. However, in immunocompro-
mised patients infected with human
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immunodeficiency virus (HIV) infection, in oral
hairy leukoplakia, Epstein-Barr virus (EBV) has
been shown to replicate in the squamous epithe-
lium of the oral mucosa, with Langerhans cell
depletion showing to play an important part in
the pathogenesis of these lesions.

Although EBV is undoubtedly important in
many human benign and malignant conditions, its
exact role in esophageal pathology remains unclear.

Clinical Features

• Incidence
EBV infects and establishes latency in virtually
everyone. More than 90% of the adult popula-
tion carries this virus in a latent form, usually
acquired asymptomatically during early child-
hood. The exact prevalence of EBV esophagi-
tis, however, remains undefined in both
immunodeficient and immunocompetent indi-
viduals, only sporadically reported (Pape et al.
2009). It might be a condition underdiagnosed,
probably more frequent in immunocompro-
mised patients.

• Age and Sex
As the prevalence of EBVesophagitis, the age
and sex of affected patients are unknown.

• Site
The effects of EBV esophagitis are limited to
the esophagus.

• Treatment
In general, although a number of antiviral
drugs can inhibit EBV replication, none of
them have been licensed for the treatment of
EBV infection. Regimens that have been used
empirically and in clinical trials have been
largely ineffective. Measures aimed at
reconstituting specific host cellular immunity
are more likely to clear and prevent the
pathological changes associated with this
disorder in immunocompromised patients.

• Outcome
Although not verywell documented, EBVesoph-
agitis is probably a self-limiting illness in immu-
nocompetent patients. In immunocompromised
patients, the severity of diminished cellular
immunity will probably determine the outcome

of the disease. Local cellular immunity has pre-
viously been shown in associationwith oral hairy
leukoplakia, and remission of both oral and
esophageal lesionsmay be related to spontaneous
improvement in local cellular immunity and
Langerhans cell function or number.

Macroscopy

The macroscopic description is limited to
endoscopic examination. In fact, the few reports
describe multiple, well-circumscribed ulcerations
identified in the upper and middle section of the
esophagus. The ulcers are characterized as either
shallow or of intermediate depth. A few deep ulcers
were also seen (Pape et al. 2009). In the immuno-
compromised patients the ulcers are described as
different from those usually associated with cyto-
megalovirus or herpes simplex virus infections,
being deeper, often linear, and found in the mid-
esophagus (Kitchen et al. 1990).

Microscopy

In the few reports, biopsy specimens show non-
specific features of active esophagitis, including
ulceration or erosion, neutrophilic and eosinophilic
inflammation, and basal cell hyperplasia. No viral
inclusions, hyperchromicity, or atypical mitoses
were described in the immunocompetent patient.
In contrast, Kitchen et al. report a series of Epstein-
Barr virus-associated esophageal ulcers in AIDS
patients that also showed epithelial hyperplasia and
koilocytes with multinucleated cells and individual
cell keratinization (Kitchen et al. 1990). As all
these features are nonspecific, histopathologic
examination alone may lead to incorrect diagnosis.

Immunophenotype

Immunohistochemistry with anti-EBV antibodies
is achievable in paraffin-embedded sections and is
the single most informative protein-based assay
for latent and lytic viral factors. It permits locali-
zation of protein in the context of histopathology,
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facilitating assessment of the medical significance
of the infection.

Molecular Features

In biopsy tissues, molecular detection of
EBV-encoded RNA transcripts by in situ
hybridization remains important for proving that
a histopathologic lesion is EBV related, as there
are no specific histopathologic features. EBV
DNA can also be detected in tissue samples by
real-time polymerase chain reaction, with some
benefits. Advantages over EBV-encoded RNA in
situ hybridization are PCR’s relatively low cost,
its applicability to specimens with poor quality
RNA, and its ability to detect infection lacking
EBV-encoded RNA transcripts. It is important
that the PCR assay be quantitative and that
parallel Q-PCR of an endogenous human gene
be used to normalize the number of nucleated
cells represented in the reaction (Gulley 2001).

Differential Diagnosis

EBV infection should be considered in all symp-
tomatic patients, immunocompetent or not, in
whom esophageal ulceration is identified endo-
scopically and in the absence of any other demon-
strable causes such as drug-induced esophagitis.
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Synonyms

Atresia, upper GI; Congenital anomaly of the
esophagus

Definition

Esophageal atresia (EA) is a congenital anomaly
of the esophagus caused by an interruption of
primitive foregut resulting in a proximal and
a distal esophageal pouch. Usually, there is
a tracheoesophageal fistula (TEF). The diagnosis
is normally made in the first hours after birth by
the impossibility to pass a feeding cannula into the
stomach.

Symptoms: excessive salivation; regurgitation,
choking, and coughing after the first feeding

Clinical Features

• Incidence
The reported incidence is 1:3,500 live-born
infants, with some geographic variability.
There is a higher prevalence in white mothers,
first pregnancy, and increased maternal age.

• Age
Present at birth. Usually, without prenatal diag-
nosis but polyhydramnios and absence of
stomach bubble can be present in the fetal
ultrasound.

• Sex
Slight male predominance. Male-to-female
ratios varied among types of EA.
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• Site
Posterior mediastinum.

• Treatment
Treatment of EA is surgical. In most infants,
the division of tracheoesophageal fistula and
primary anastomosis between two esophageal
pouches are possible. The approach can be
performed by open thoracotomy or, more
recently, by thoracoscopy (Fig. 1).

• Outcome
The survival is mainly related to the presence
of major cardiac anomalies and the birth
weight (Okamoto et al. 2009). The overall
survival is 85–95%. Long-term symptoms
include dysphagia, esophageal foreign body
obstruction, gastroesophageal reflux disease,
and recurrent respiratory problems. Thoracic
deformities can be a problem after an open
thoracotomy.

Macroscopy

Five types are described based on the location of
the EA and the type of fistula between the trachea
and esophagus (Harmon and Coran 2012):

1. EAwith a distal TEF (84%)
2. EAwithout TEF (6%)
3. TEF without EA (4%)

4. EAwith a fistula to both pouches (1%)
5. EAwith a proximal TEF (5%)

Microscopy

Esophageal dysmotility can be present after
a successful surgical repair of EA. The etiology
of this motility disorder is still unknown. Histo-
logical studies of the upper pouch, fistulous por-
tion, and lower pouch of the esophagus revealed
some clues regarding abnormal innervation and
neuromuscular defects. There is a high incidence
of gastric-type mucosa in the upper esophageal
pouches. Esophageal fistula can have several tra-
cheobronchial remnants, namely, abnormal
mucous glands and ducts, abnormal mucin secre-
tion, presence of cartilage, and a disorganized
muscle coat. Dilated epithelial clusters of
seromucous glands and cartilage and irregularity
of the smooth muscle fibers were described in the
lower esophageal pouch. Regarding innervation
pattern, there is a delay in neuronal differentiation
and myenteric plexus organization. In both the
upper and lower esophageal pouches, there is
a reduction of neurocells (more notorious in the
distal pouch), an increase of Schwann cells, the
presence of immature neural cells, and a granin
deficit with subsequent altered activity of

Esophageal Atresia, Fig. 1 Thoracoscopic view of an
EAwith TEF. (a) View of the lower esophageal pouch and
the azygous vein before the surgical dissection.

(b) Anastomosis of the posterior wall of the esophagus
with a nasogastric tube in place

236 Esophageal Atresia



neurotransmitter release (Dutta et al. 2000;
Zuccarello et al. 2009).

Molecular Features

EA is a multifactorial disease with genetic and
environmental contributing factors. In only 10%
of infants, a defined genetic syndrome can be
diagnosed. In Table 1, there is a summary of the
genetic mutations and chromosomal abnormali-
ties described for EA (de Jong et al. 2010).

Differential Diagnosis

Tracheoesophageal fistula
Congenital stenosis of the esophagus
Laryngotracheoesophageal cleft
Disorders of esophageal function
Gastroesophageal reflux
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Definition

Esophageal squamous cell carcinomas are neo-
plasms that develop from the mucosal squamous
lining.

Clinical Features

• Incidence
Esophageal squamous cell carcinoma (SCC) is
the predominant subtype of esophageal cancer,
with approximately 400,000 new cases diag-
nosed worldwide each year. An “esophageal

Esophageal Atresia, Table 1 Genetic and chromosomal
abnormalities in esophageal atresia

Gene Locus

Single-gene
mutations

Feingold syndrome MYCN 2p24.1

CHARGE
syndrome

CHD7 8q12

AEG syndrome SOX2 3q26.3-q27

Pallister-Hall
syndrome

GLI3 7p13

Opitz G syndrome MID1 Xp22

Fanconi anemia FANCA 16q24.3

Associations

VACTERL
association

FOXF1
MTHFSD
FOXC2

16q24
cluster

FOXL1

Chromosomal
abnormalities

Full trisomies 21, 13, and
18

Di George and Opitz
syndromes

TBX1 22q11.2

13d deletions ZIC2 13q22-qter

17q deletions RARa 17q21.3-
q24.2NOG

TBX4
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cancer belt” has been described where most
cases are detected. It extends from northern
Iran through central Asia to northern and cen-
tral parts of China. In comparison, esophageal
SCC is now relatively rare in the USA and
most Western European countries. Instead, an
increasing number of adenocarcinomas arising
in Barrett’s esophagus, particularly among
white men in the west, has been noted since
the turn of the century. However, squamous
cell carcinoma still represents 38% of all
esophageal malignancies.

• Etiologic factors
The role of alcohol and tobacco consumption
(particularly in combination) is well known
and associated with an increased risk of
aerodigestive malignancies. Of interest,
genetic factors such as *1/*2 heterozygous
polymorphism of the ALDH2 gene (involved
in alcohol metabolism) is believed to confer an
increased risk. Chewing betel quid, areca nut,
or gutka also has been postulated to have
a synergistic effect with alcohol and tobacco
in increasing the risk.

A diet rich in pickled vegetables (with N-
nitroso compounds) and also beverages at very
high temperatures (e.g., tea, maté) is important
in increased risk, as is human papillomavirus,
particularly types 16 and 18.

Achalasia and caustic injury, conditions lead-
ing to the stasis of food or saliva and to chronic
mucosal irritation, are associated with an
increased occurrence of esophageal SCC as well.

Finally, Paterson-Kelly or Plummer-Vinson
syndrome (iron deficiency anemia, dysphagia,
and upper esophageal webs) and tylosis (a rare
autosomal-dominant disorder characterized by
hyperkeratosis of the squamous epithelium of
the palmar and plantar surfaces) are associated
with a higher-risk of esophageal SCC.

• Clinical presentation
Patients with squamous intraepithelial neopla-
sia and over half of patients with superficial
esophageal SCC are asymptomatic when diag-
nosed. Symptoms are present only when the

tumors are large enough to interfere with
esophageal function or have spread. At that
point, the most common symptom is intermit-
tent dysphagia occurring only with large food
boluses.

• Age
Esophageal SCC is predominantly diagnosed
in adults. The risk increases with age, particu-
larly beyond the age of 60.

• Sex
Esophageal squamous cell carcinoma has
a distinct male predominance.

• Site
Squamous cell carcinoma can develop

along the entire length of the esophagus, but
is more frequently diagnosed in the middle
third of the esophagus.

• Treatment
Early esophageal cancer, that is, limited to the
mucosa (pT1a, M1, and M2), can be treated
successfully by either endoscopic mucosal
resection (EMR) or endoscopic submucosal
dissection (ESD), since there is little or no
risk of lymph node metastasis (Table 1).

When superficial esophageal SCCs extend
more deeply into the mucosa (M3) or the sub-
mucosal layer, the probability of lymph nodes

Esophageal Squamous Cell Carcinoma,
Table 1 Classification of superficial SCC

Nomenclature
Level of
invasion

TNM
classification

Early
SCC

M1 Epithelium pTis

M2 Lamina
propria

pT1a

M3 Muscularis
mucosa

SM1 Upper third
of
submucosa

pT1b

SM2 Middle
third of
submucosa

SM3 Lower third
of
submucosa
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harboring metastases is between 17% and
55%. Consequently, these esophageal SCCs
are indications for esophagectomy with
lymphadenectomy, either by transhiatal
esophagectomy or transthoracic esopha-
gectomy. Neoadjuvant therapy (chemotherapy
alone or radiochemotherapy) is also the stan-
dard in the care of patients with advanced SCC.

Macroscopy

Superficial squamous cell carcinomas are often
subtle, and their detection demands an attentive
examination. The visualization of the tumors is
enhanced by chromoendoscopy (using Lugol’s
iodine solution or methylene blue) or narrow
band imaging (Fig. 1). An advanced tumor can
present as a friable, fungating, ulcerated mass
variably extending into and partially occluding
the esophageal lumen (Fig. 2).

Microscopy

Squamous intraepithelial neoplasia (or dysplasia) is
defined by both architectural and cytological fea-
tures that vary in extent and severity (see Table 2).
A sharp demarcation commonly delineates the neo-
plastic epithelium from the surrounding normal epi-
thelium. The diagnostic characteristics are confined
to the basal layer in low-grade intraepithelial neo-
plasia (Fig. 3) and involve the full thickness of the
epithelium in high-grade intraepithelial neoplasia
(which encompasses the former carcinoma in situ
and severe dysplasia) (Fig. 4). A diagnosis of inva-
sive SCC is warranted when extension into the
lamina propria is detected (Fig. 5).

Esophageal Squamous Cell Carcinoma,
Fig. 1 Endoscopic view of esophageal squamous cell
carcinoma, superficial type. Lugol’s iodine solution facili-
tates the detection of the carcinoma, which remains
unstained

Esophageal Squamous
Cell Carcinoma,
Fig. 2 Macroscopic
appearance of advanced
esophageal squamous cell
carcinoma, protruding type
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Advanced SCC can display a wide spectrum of
histologic patterns. It can range from well differ-
entiated with recognizable keratinization and
defined intercellular bridges to poorly differenti-
ated and composed of cells with no apparent

squamous differentiation (Figs. 6, 7). Various sub-
types of SCC have been recognized (see Table 3)
(Fig. 8).

Differential Diagnosis

Severe reactive and hyperplastic changes can
develop in the setting of severe esophagitis or
at the edge of an ulcer. These may be diagno-
stically challenging, particularly when pseudo-
epitheliomatous hyperplasia is present. Mucosal
inflammation, spongiosis, vascular congestion,
and surface maturation are helpful in confirming
a benign diagnosis. Homogenous and fine nuclear
chromatins, as well as prominent nucleoli, are also
characteristically observed in benign reactive epi-

Esophageal Squamous Cell Carcinoma,
Table 2 Cytologic and architectural characteristics of
squamous intraepithelial neoplasia

Architectural
characteristics Cytologic characteristics

Loss of cell polarity Pleomorphic and
hyperchromatic nuclei

Overlapping nuclei Increased nuclear to
cytoplasmic ratio

Lack of surface
maturation

Increased mitotic activity

Esophageal Squamous Cell Carcinoma,
Fig. 3 Intraepithelial neoplasia, low grade. Note the
mild cytologic atypia, including nuclear irregularity and

increased nuclear to cytoplasmic ratio. Note also the sharp
oblique demarcation with the normal epithelium on the left

240 Esophageal Squamous Cell Carcinoma



thelium. A series of negative findings are also
noted, including the absence of irregular nuclear
membranes, nuclear hyperchromasia and pleo-
morphism, and nuclear overlapping. Increased
nuclear to cytoplasmic ratio, eosinophilic nucle-
oli, increased mitotic activity, and abnormal mito-
ses are also absent in reactive hyperplastic
processes. Finally, highly atypical and
keratinizing cells are also features of neoplastic
lesions.

Esophageal Squamous
Cell Carcinoma,
Fig. 5 Early esophageal
squamous cell carcinoma.
Most of the neoplasm is
limited to the epithelium,
but focal extension into the
lamina propria (pT1a) is
seen

Esophageal Squamous Cell Carcinoma,
Fig. 6 Invasive well-differentiated esophageal squamous
cell carcinoma with keratin pearls

Esophageal Squamous Cell Carcinoma,
Fig. 7 Invasive moderately differentiated esophageal
squamous cell carcinoma

Esophageal Squamous Cell Carcinoma,
Fig. 4 Intraepithelial neoplasia, high grade, characterized
by marked architectural disarray with loss of polarity and
cellular atypia
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Synonyms

Esophageal squamous-columnar junction

Definition

The Z-line or squamous-columnar junction (SCJ)
is the point of the esophagus where the stratified
squamous esophageal lining meets the columnar
epithelium (Spechler 2004). The esophagus is
normally lined by a stratified squamous epithe-
lium, whereas the gastric body and fundus exhibit
a columnar lining with abundant mucous cells at
the foveolar surface and numerous parietal and

Esophageal Squamous Cell Carcinoma,
Table 3 Histologic variants of esophageal squamous
cell carcinoma

Histologic
variants Characteristics

Verrucous
variant

Well-differentiated neoplasm
characterized by broad papillae of
keratinizing squamous epithelium
with minimal atypia

Broad epithelial tongues invade the
underlying tissues

Basaloid
carcinoma
variant

Solid neoplasm characterized by
discrete nests of small cells with
hyperchromatic nuclei. Mitoses are
numerous

Microcystic spaces with basophilic
material can be seen

Spindle cell
variant

Biphasic neoplasm composed of
malignant spindle component and
an in situ or invasive squamous
carcinoma. Heterologous
components can be seen. This
variant characteristically presents as
an exophytic polypoid neoplasm
with superficial invasion

Esophageal Squamous Cell Carcinoma,
Fig. 8 Verrucous squamous carcinoma. Note invasive
pushing broad fronds at the base of the tumor
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chief cells at the deep glands. These two types of
epithelia normally meet together in an abrupt tran-
sition that is endoscopically and histologically
recognized. Though the Z-line or SCJ is a very
well-defined anatomical structure, its precise ana-
tomical location and histological features are still
disputed.

Clinical Features

• Incidence
Not applicable.

• Age
Not applicable.

• Sex
Not applicable.

• Site
The Z-line is located at the body of the
esophagus.

• Treatment
Not applicable.

• Outcome
Not applicable.

Macroscopy

The Z-line or SCJ may or may not be coincident
with the gastroesophageal junction (GEJ), which
is defined as the imaginary line where the esoph-
agus ends and the stomach begins. The Z-line has
the appearance of a serrated line and is endoscop-
ically recognized as the line defined by the
junction of the pale pink epithelium that covers
the esophagus and the red mucosa of the stomach.
The GEJ is endoscopically recognized in the west-
ern world as the level of the most proximal extent
of the gastric folds when the stomach is partially
inflated with air (overinflating may obscure this
landmark). For Japanese authors the distal limits
of the palisade vessels are considered to be
a precise marker of the GEJ. In a normal GEJ the
two landmarks are coincident, which means that
the Z-line coincides with the most proximal extent
of the gastric folds (Fig. 1). When the Z-line is
proximally located to the GEJ, there is a segment
of the distal esophagus lined by a columnar

epithelium or a columnar-lined esophageal seg-
ment (CLES) (Fig. 2). The endoscopic landmark
to recognize the GEJ, the most proximal extent of
the gastric folds, is a dynamic structure that varies
with belching, respiratory movements, the degree
of gastric distension, and the presence or absence
of a hiatus hernia. Furthermore, since these endo-
scopic landmarks are mechanically manipulated,
they cannot be used in surgical or autopsy speci-
mens. Hence, the markers used macroscopically
to distinguish a normal from an abnormal junction
are complex and imprecise, being difficult to
establish whether the Z-line normally is coinci-
dent or slightly proximal to the GEJ (Spechler

Esophageal Squamous Columnar Junction,
Fig. 1 Normal Z-Line

Esophageal Squamous Columnar Junction,
Fig. 2 Proximally displaced Z-Line
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2004). A recent study showed that the endoscop-
ically defined GEJ coincides with the anatomical
GEJ. This is a particularly important issue in
gastrointestinal (GI) pathology since the recogni-
tion of a normal vs. an abnormal Z-line is a key
factor for the differential diagnosis in esophageal
pathology. Regardless of the normal histology of
the GEJ (see microscopy), intestinal metaplasia is
undoubtedly a metaplastic epithelium in this loca-
tion. The reported prevalence of intestinal meta-
plasia at a normal appearing GEJ is widely
variable, ranging between 5% and 25%.
Moreover, there is published evidence that the
endoscopically Z-line appearance correlates to
the prevalence of intestinal metaplasia
(Wallner et al. 2000).

Microscopy

The microscopic picture of a normal Z-line is also
an area under discussion. Today, it is consensual
that the entire esophagus normally exhibits
a stratified squamous lining whereas the gastric
fundus is lined by oxyntic mucosa, which is
characterized by a columnar lining with abundant
mucous cells at the foveolar surface and numerous
parietal and chief cells at the deep glands. It is also
consensual that between these two epithelia there
is a columnar-lined segment of mucosa known as
cardiac epithelium, with a few millimeters to
a few centimeters of extension that is character-
ized by tortuous tubular glands lined almost
exclusively by mucus-secreting cells. The ques-
tion is whether this is a congenital or an acquired
epithelium. Traditionally, it was considered as
congenital, mostly due to Hayward (Hayward
1961) who sustained that this structure is normally
present at birth working as a buffer protector of
the squamous esophageal lining against gastric
acid digestion. However, the evidence on which
this claim is supported is dubious. More recently,
it was proposed that cardiac epithelium was an
acquired structure (Chandrasoma et al. 2001)
developed as a metaplastic response to
long-standing gastroesophageal reflux (GER). In
fact, Paull (Paull et al. 1976) had described the
epithelia that integrated the spectrum of

esophageal columnar metaplasia in patients with
long-standing GER. He described three types of
epithelia, junctional, gastric atrophic fundic, and
specialized columnar, randomly distributed along
the metaplastic segment. Paull further suggested
that the gastric atrophic fundic epithelium was
more frequent at the distal part of the metaplastic
segment while the specialized columnarwasmore
commonly observed at the proximal part. Never-
theless, he did not make any comment about the
chronological relationship between the tree epi-
thelia. Recently, Chandrasoma (Chandrasoma et al.
2001) sustained that cardiac epithelium, which was
designated by Paull as junctional, is the initial step
in the development of a columnar lining in response
to GER. He also suggested that cardiac epithelium
may progress to oxyno-cardiac or to intestinal meta-
plasia, the gastric atrophic fundic and specialized
columnar epithelium, respectively, according to the
nomenclature proposed by Paull.

Despite the controversy on the nature of
cardiac epithelium, this is the columnar type
of mucosa that meets the stratified squamous
esophageal lining at the Z-line or
squamous-columnar junction.

Immunophenotype

Not applicable.

Molecular Features

Not applicable.

Differential Diagnosis

Not applicable.
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Synonyms

Chemotherapy effect in esophagus

Definition

Esophagitis is a common side effect of chemo-
therapy and different degrees of mucosal toxicity
depend on the number of drugs used, their dosage,
and length of treatment and the presence of con-
comitant radiotherapy.

Many chemotherapeutic drugs damage directly
the esophageal mucosa, in a similar way to other
parts of gastrointestinal tract, acting primarily on
mitotically active cells, leading to cell death,
inflammation, and ulceration. The chemothera-
peutic agents reported are dactinomycin,
bleomycin, cytarabine, daunorubicin, 5-fluoro-
uracil, methotrexate, and vincristine.

Clinical Features

Patients with chemotherapy esophagitis suffer
from chest pain and discomfort. Symptoms are

similar with different chemotherapeutic agents,
and there is a synergistic effect with the frequent
combination with radiation therapy, with more
severe symptoms due to more severe damage.

Macroscopy

In acute phase, the macroscopic examination
reveals friable mucosa with edema and coalescent
ulcers (mucositis). Later, on an average 1 month
after therapy, strictures may develop.

Microscopy

At first, less severe lesions are seen in a non-
ulcerated epithelium with alterations in the basal
layer, namely, apoptotic bodies and enlarged atyp-
ical squamous cells with bizarre cytomegaly
(Fig. 1) and atypical mitosis (Fig. 2). In the more
severe cases, a nonspecific type of esophagitis
develops with necrosis and formation of ulcers,
associated with inflammation and granulation tis-
sue. Stromal cells and submucosal glands also
may appear atypical.

In more chronic cases, parakeratosis, acanthosis,
and blood vessel hyalinization are seen.

Chemotherapy with cyclophosphamide,
methotrexate, and 5-fluoroacil may cause
associated Barrett esophagus.

Esophagitis, Chemotherapy Induced, Fig. 1 Esopha-
geal epithelium with atypical squamous cell (hematoxylin-
eosin, X400)
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Long-term complications are mural scarring
and strictures.

Differential Diagnosis

The main differential diagnoses are: infections
(HSV and cytomegalovirus) and neoplasia.

High N/C ratio, mitosis, and hyperchromatism
are seen in neoplasia, but bizarre cytomegaly and
atypical mitosis are also seen in chemotherapy
esophagitis.

Multinucleation seen in chemotherapy
esophagitis should be distinguished from HSV
infection.

If necessary, immunostains are recommended
in the workflow of the differential diagnosis.
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Synonyms

Esophageal Crohn’s disease

Definition

Crohn’s disease (CD) is a chronic, idiopathic,
segmental transmural inflammatory disease
arising from an interaction between genetic and
environmental factors but observed predomi-
nantly in developed countries of the world. The
precise etiology is unknown. The disease may
involve one or more segments of the gastrointes-
tinal (GI) tract from the mouth to the anus. The
ileum, the colon, the rectum, and the perianal
region are the most frequent locations of disease
involvement. However, esophageal involvement
can also be present in patients with Crohn’s
disease, even though CD involvement of the
upper gastrointestinal tract is almost invariably
accompanied by small or large bowel disease.

Histologic abnormalities found in the upper GI
tract may be contributory in establishing a specific
diagnosis of Crohn’s disease. In the majority of
cases, the proximal disease extends beyond the
esophagus, involving the stomach and the duode-
num too (Van Assche et al. 2010).

The complete anomalies observed in Crohn’s
disease are summarized elsewhere.

Clinical Features

The most common presenting symptom of
esophageal Crohn’s disease (CD) is dysphagia.
The complaints of odynophagia, epigastric pain,

Esophagitis, Chemotherapy Induced, Fig. 2 Basal
esophageal epithelium with atypical mitoses (hematoxy-
lin-eosin, X400)
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chest pain, weight loss, and poor oral intake are
frequently found in patients with esophageal
involvement (Kaplan KM). Early lesions,
however, can exist without any complaint.
Sometimes the proximal involvement is silent,
and the disease is diagnosed incidentally during
endoscopy in an asymptomatic patient.

Coughing and aspiration pneumonia can be
the result of a complicating esophagotracheal
fistula. These symptoms can present before the
usual intestinal manifestations have occurred.
Usually the activity of CD in the esophagus par-
allels that of the disease of CD elsewhere in the GI
tract.

• Incidence
While involvement of the lower gastrointesti-
nal (GI) tract has been studied in detail, CD of
the upper GI tract has not been fully evaluated.
The exact prevalence and incidence figures of
CD of the upper GI tract are not known because
large prospective studies, including both
symptomatic and symptomatic patients, are
lacking (Witte et al. 1998). Descriptions of
the prevalence of CD in the esophagus, stom-
ach, and duodenum vary significantly. Data
concerning the prevalence of participation of
the esophagus in CD are somewhat conflicting,
not only as far as what concerns the different
definitions of upper tract “involvement” used,
but also concerning the different populations
studied (adult or pediatric). Esophageal
involvement in CD seemed to be much more
frequent in children and adolescents, with
some series reporting up to 30% of patients
with esophageal lesions (Lenaerts et al.
1989). In adults, however, the incidence
described was usually much lower (0.2%
cases with esophageal involvement in one
series of approximately 9,900 patients with
CD). Most studies in the past, however, have
been carried out retrospectively on symptom-
atic patients. Prospective radiological and
endoscopic studies of the upper GI tract in
both symptomatic and asymptomatic CD
patients show a more frequent involvement
(Annunziata et al. 2012).

• Age
As mentioned, according to most series, chil-
dren seem to have higher incidence of esopha-
geal involvement in CD. However, data
have to be interpreted with caution, as they
may merely reflect differences in practice
patterns: upper endoscopy and biopsy are
more routinely performed in pediatric IBD
centers, while in adults upper endoscopy is
reserved for patients with symptoms sugges-
tive of disease involvement. Recent publica-
tions suggest that upper GI involvement may
occur with equal frequency in children and
adults.

• Sex
There is no gender predilection among patients
with involvement of the esophagus in CD.

• Site
The distal third of the esophagus alone is
involved in majority of cases, with the middle
and lower third in fewer patients. Rarely, the
whole esophagus can be involved.

The vast majority of patients with CD of the
esophagus also have lesions in the stomach and
duodenum and also in the intestine.

• Treatment
The precise etiology is unknown and therefore
a causal therapy is not yet available. In general,
it appears that medical treatment for upper GI
CD does not differ substantially from the
classic distal CD. In fact, most patients are
frequently on treatment for coexisting extra-
esophageal disease.

Current therapeutic strategies of upper GI
CD are derived from extrapolation of
efficacy data from clinical trials conducted pre-
dominantly in patients with more common
phenotypes of CD. Treatment can also be
specifically aimed at improving esophageal
symptoms (namely, proton pump inhibitors
and a few reports with “topical” treatment
with ingestion of inhalable budesonide),
if necessary together with systemic corticoste-
roids and azathioprine/mercaptopurine, or, if
intolerant, with methotrexate. Infliximab is an
alternative for refractory disease (Van Assche
et al. 2010).
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Dilatation or surgery is appropriate for
obstructive symptoms, after failing medical
and conservative therapy.

• Outcome
Although old case reports suggest a poor
outcome of esophageal CD with severe compli-
cations, often requiring esophagectomy, more
recent publications describe a more benign
prognosis (Decker et al. 2001). A clinical course
seems to be variable, with some patients
improving spontaneously or with first-line ther-
apy and others being more difficult to manage,
with a need of more aggressive immune modi-
fier therapy or surgery.

Macroscopy

There are no pathognomonic features on endos-
copy, but the most commonly described findings
are aphthous ulcers, superficial erosions, and, at
a later stage, stricturing and a more irregular cob-
blestone appearance to the mucosa. For the most
part, the ulcers are the superficial, aphthous type.
Because of the transmural nature of CD, sponta-
neous fistulae can be found. Pseudopolyps may be
seen in the regenerative stage of severe inflamma-
tion (Witte et al. 1998). Huchzermeyer differenti-
ated two stages in the esophageal inflammatory
process: stage I, in which inflammatory changes
predominate as a mild or more often erosive-
ulcerative esophagitis, and stage II, in which
a stenosing form is present (Huchzermeyer et al.
1976). These morphological changes are predom-
inantly limited to the lower part of the esophagus.

Microscopy

There are no pathognomonic histologic features
of esophageal CD. The transmural nature of the
disease cannot be assessed accurately from the
superficial mucosal biopsies obtained on endos-
copy. Such specimens often show evidence of
chronic inflammation without revealing its
specific etiology. The most consistent finding is
a lymphocytic infiltrate in the lamina propria

(Fig. 1). Less commonly, however, a chronic
inflammatory infiltrate and eventually non-
caseating granulomas can be recognized. In fact,
the histologic hallmark of Crohn’s disease is the
presence of a noncaseating granuloma. Although
they are not routinely seen and are not considered
essential (identified in about 20% of biopsy
cases), their finding reinforces the diagnosis. The
granuloma in CD is defined as a collection of
epithelioid histiocytes (monocyte/macrophage
cells), the outlines of which are often vaguely
defined. Multinucleated giant cells are not
characteristic but can be seen, and necrosis is
usually not apparent (Figs. 2 and 3).

Esophagitis, In Crohn’s Disease, Fig. 1 Low-power
H&E stain demonstrates dense inflammatory infiltrate in
the submucosa of an esophageal biopsy

Esophagitis, In Crohn’s Disease, Fig. 2 In a medium-
power H&E stain, intense chronic inflammatory infiltrate
with focal permeation of the epithelium and a granuloma in
the lamina propria can be seen
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Because granulomas are usually located in the
deep submucosa and lamina muscularis, the low
incidence of granulomas found in biopsy
specimens probably is a function of the superficial
nature of endoscopic biopsies and patchy distri-
bution of lesions.

Immunophenotype

Immunohistochemistry is not very helpful in the
diagnosis of esophageal involvement in Crohn’s
disease, except for the exclusion of conditions that
may mimic or complicate it (e.g., bullous dis-
eases, CMV infection).

Molecular Features

Some of the most recent developments in our
understanding of the pathogenesis of IBD have
been in the field of genetics. A decade ago,
NOD2/CARD15 was identified as the first suscep-
tibility gene for CD. NOD2 is a member of
a family of intracellular proteins that respond to
bacterial proteins and contribute to host defense.

In one large study 50% of patients with CD were
found to have at least one NOD2 gene mutation,
with 17% having a double mutation. A number of
other genes have been shown to be important for
CD, namely, mutations in the interleukin (IL)-10
receptor and in genes encoding IL-27.

Differential Diagnosis

The differential diagnosis includes reflux esopha-
gitis, involvement in gastrointestinal sarcoidosis
(▶ Sarcoidosis, Gastro-Intestinal), Tuberculosis,
Fungal Infections, chronic granulomatous dis-
ease, Behçet’s syndrome, and bullous diseases
(▶Bullous Pemphigoid).
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Synonyms

Cystic hamartomatous epithelial (gastric) polyp;
Elster’s (gland) cyst; FGP; Fundic gland
hyperplasia

Definition

Fundic gland polyps (FGPs) are small polyps
typically located in the gastric corpus and fundus.
Elster et al. first described them as a distinct path-
ological polyp in 1977. Their characteristic mor-
phology shows cystically dilated glands lined by
mucous neck cells, parietal cells, and/or chief
cells. FGPs arise in two settings, namely,
sporadic and familial adenomatous polyposis
(FAP) syndrome-associated settings. FGPs are
among the most common gastric polyps in both
sporadic and FAP patients. In comparison to
sporadic FGPs, FAP-associated FGPs are more
likely to be multiple and to occur at younger age.

Sporadic fundic gland polyposis (�10 FGPs) is
occasionally observed in the non-FAP population.

The pathogenesis of FGPs is not well under-
stood. FGPs have formerly been regarded as non-
neoplastic lesions, either hamartomatous or
hyperplastic/functional in nature. It has been
suggested that they are retention cysts caused by
corpus gland secretion impairment. However, the
frequent finding of mutations in the APC and
b-catenin genes indicates that FGPs are neoplastic
growths.

Sporadic FGPs are presumably related to the
use of proton pump inhibitors (PPI). Literature is
not conclusive about the role of PPI use, but
especially long-term PPI therapy seems to be
associated with an increased risk of developing
FGPs. The reason that acid suppression can lead
to the development of FGPs may be a result of
PPIs elevating serum gastrin, which is a growth
factor for oxyntic mucosa and a downstream
target of Wnt signaling. In gastric biopsies from
patients on PPI therapy, there are often develop-
ment of hyperplasia and protrusions of parietal
cells, and this is thought to be an initial step.
Protrusions are defined as hypertrophic parietal
cells showing tonguelike protrusions of the apical
membrane into the lumen of corpus glands.
A second step in the development is the formation
of fundic gland cysts. These intramucosal cysts
are believed to form from glands that are dilated
because of increased intraglandular pressure. This
increase in pressure could be caused by increased
resistance to outflow from the gland due to
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blockage of the isthmus by parietal cell protru-
sions. Interestingly, FGPs occur almost exclu-
sively in patients without Helicobacter pylori
infection. And, in addition, regression of sporadic
polyps has been observed to coincide with the
acquisition of H. pylori. It has been suggested
that enzymatic degradation of gastric mucus by
H. pylori protease may facilitate the glandular
outflow and thus protect against retention and
cystic dilation. This does not take place in H.
pylori-negative patients, thus increasing the risk
of fundic gland polyp development.

FGPs do not cause symptoms; sporadic FGPs
are typically a coincidental finding detected
during investigation for abdominal pain, dyspep-
sia, or chronic reflux. They are the most common
gastric polyps in patients with familial adenoma-
tous polyposis (FAP). FAP results from inherited
germline mutations in the adenomatous polyposis
coli (APC) gene, coupled with second somatic
mutations. This leads to the inactivation of both
copies of the APC tumor suppressor gene. In
comparison to sporadic FGPs, FAP-associated
FGPs are more likely to be multiple and occur at
a younger age. Sporadic FGPs have very weak
malignant potential, and the frequency of dyspla-
sia is very low. This is in contrast with patients
with FAP who often develop dysplasia
(in 44–54% of cases) in FGPs; however, malig-
nant transformation is extremely rare. The fre-
quent finding of genetic alterations involving the
APC/b-catenin pathway, either sporadic or arising
in the setting of FAP, suggests that FGPs may be
neoplastic.

Worthley et al. reported three families with an
inherited syndrome which is associated with fun-
dic gland polyposis, namely, gastric adenoma
and proximal polyposis of the stomach
(GAPPS). This unique gastric polyposis syn-
drome is characterized by the autosomal dominant
transmission of fundic gland polyposis of espe-
cially fundic gland polyps. Occasional hyperplas-
tic and adenomatous polyps can occur, and
patients with this syndrome are at increased risk
of developing dysplasia and intestinal-type gastric
adenocarcinoma. The malignant potential of gas-
tric polyps in GAPPS seems to be much higher
than in FAP. Recently, it was discovered that these

families have germline mutations in specifically
the promoter 1B of the APC gene (Worthley et al.
2012; Li et al. 2016).

Clinical Features

• Incidence
FGPs are currently the most common type of
polyp identified in the stomach, accounting for
approximately 50% of all endoscopically and
histologically diagnosed benign gastric polyps.
Most FGPs are non-syndromic and it has been
estimated that sporadic FGPs occur in
0.8–5.9% of adults undergoing upper endos-
copy. In FAP patients FGPs are thought to
develop in 53–84% of mutation carriers. The
incidence of FGPs seems to be increasing;
reasons for this may be the expanded use of
upper endoscopy, the increasing use of acid
suppressive medications, and the decreasing
prevalence of H. pylori infection.

• Age
Most patients are of middle age; however,
FGPs can be found during upper endoscopy
at any age. FAP-associated FGPs are more
commonly observed at a much younger age
compared to sporadic polyps and may occur
as early as 8 years of age in FAP.

• Sex
FGPs are more commonly encountered in
women.

• Site
FGPs develop in the acid-secreting mucosa of
the gastric corpus and fundus.

• Treatment
Treatment consists of endoscopic removal of
the polyp to confirm their identity and to
exclude other lesions. FGPs have little malig-
nant potential, but they serve as a marker for
FAP, especially in patients with multiple
lesions who are not taking proton pump inhib-
itors. The management of FGPs, therefore,
centers more on the concern for FAP and
exclusion of colorectal carcinoma than on con-
cern for neoplastic progression in the gastric
mucosa. Colonoscopy and subsequently
genetic testing have to be considered in
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patients with fundic gland polyposis or
a relevant family history. Family history and
patient age are not entirely reliable factors in
excluding FAP since approximately 25% of
patients with FAP have no relevant family his-
tory and are presumably caused by de novo
mutations in the APC gene. There is no
surveillance scheme defined, but usually in
the setting of FAP, upper endoscopy is
recommended every 1–3 years depending on
polyp number and the presence of dysplasia or
adenomas. It can be considered to discontinue
PPI therapy; however, there is conflicting evi-
dence regarding the role of acid suppression in
the pathogenesis of FGPs, and the need for acid
suppression may outweigh any concerns
regarding these benign gastric polyps.

• Outcome
Little is known about the natural behavior of
FGPs. The number and size of FGPs have been
shown both in the sporadic setting and in FAP
to slowly increase, remain the same, or some-
times even decrease. Symptoms are rarely
encountered. The incidence of gastric cancer
is slightly increased in patients with FAP-
associated FGPs. The lifetime risk of gastric
cancer in FAP is estimated to be 0.6–4.2%. The
exact risk of gastric cancer in GAPPS is
unknown but appeared higher than in FAP.
Sporadic FGPs have typically been regarded
as benign lesions with no risk of malignant
transformation. Low-grade dysplasia is diag-
nosed in approximately 1% of sporadic FGPs.
There is a single case report of high-grade
dysplasia, and there are no reports of gastric
cancer arising from sporadic FGPs.

Macroscopy

FGPs may be single or multiple (fifty or more) but
usually fewer than 10 polyps are observed in the
sporadic setting; often they are solitary. In the
setting of FAP and GAPPS, numerous FGPs are
usually observed, and they may cover the entire
surface of acid-secreting epithelium resulting in
a carpet of several hundred polyps. The polyps are
limited to the oxyntic mucosa (corpus and fundus)

of the stomach. FGPs are usually glassy, transpar-
ent, small polyps, measuring 1–5 mm in diameter,
although larger polyps are observed. They have
a sessile base and a smooth dome-shaped surface.
FGPs are the same pale pink color as the sur-
rounding normal mucosa and often exhibit tiny
surface blood vessels. These characteristic find-
ings make FGPs endoscopically distinguishable
from other types of gastric polyps.

Microscopy

Histologically, FGPs are characterized by
distorted glandular architecture with dilated and
irregularly budded fundic glands. These micro-
cystic oxyntic glands are lined by flattened parie-
tal cells, chief cells, and variable numbers of
mucous neck cells (Fig. 1). The overlying surface
and foveolar gastric epithelium is normally with-
out abnormalities and non-dysplastic. However,
in some FGPs, dysplasia of the overlying foveolar
epithelium is observed. Crowding of surface and
neck mucin cells with enlarged hyperchromatic
nuclei and loss of cytoplasmic mucin characterize
dysplasia in FGPs. The underlying cystically
dilated oxyntic glands in these polyps do not
demonstrate epithelial dysplasia. The surrounding
mucosa is uniformly normal, and concurrent glan-
dular atrophy or intestinal metaplasia is seldom
observed. Inflammatory infiltrate in these polyps
is usually minimal or absent and there is no

Fundic Gland Polyp, Fig. 1 Fundic gland polyp charac-
terized by irregular dilated glands lined by mucous, parie-
tal, and chief cells (H&E, original magnification 25�)
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H. pylori infection. This is in contrast to other
gastric polyps, such as hyperplastic polyps or
adenomas, that are often associated with
a background of mucosal injury, atrophy, and
intestinal metaplasia.

The morphology of sporadic FGPs is similar to
syndromic FGPs in FAP patients. However, spo-
radic FGPs have little or no potential for (pre-)
malignant transformation, while low- and high-
grade dysplasias and even gastric adenocarci-
noma have been associated with syndromic
FGPs. Low-grade dysplasia involving the overly-
ing foveolar epithelium is common and seen in up
to approximately 50% of FAP-associated cases.
Even in the pediatric population, low-grade
dysplasia is often seen. High-grade dysplasia
occasionally arises in FAP-associated FGPs. The
risk of gastric adenocarcinoma in FAP patients is
markedly elevated in Japanese and Korean
patients. In Western countries there does not
seem to be an increased risk of developing gastric
carcinoma among FAP patients. Nevertheless,
several well-documented cases of invasive adeno-
carcinoma arising from FAP-associated FGPs
have been reported.

Immunophenotype

The diagnosis of FGPs is made on normal routine
H&E staining. There are no typical immunohisto-
chemical features of FGPs without dysplasia.
Despite the frequent finding of b-catenin gene
mutations in FGPs, studies showed normal
expression and location of b-catenin in FGPs,
with normal diffuse membranous positivity and
without nuclear staining in any of the cases. In
FGPs with dysplasia, studies showed abnormal
nuclear b-catenin staining and higher rates of
cell proliferation and apoptosis than non-
dysplastic areas. Overexpression of p53 was not
observed in FGPs with dysplasia.

Molecular Features

Most sporadic FGPs contain activating mutations
on or near several phosphorylation sites in exon 3

of the b-catenin oncogene. In studies, activating
b-catenin gene mutations were present in 64–91%
of sporadic FGPs. In contrast, b-catenin gene
mutations were not present in any of the (attenu-
ated) FAP-associated FGPs. In sporadic FGPs
with dysplasia, frequent APC alterations were
identified.

FAP is caused by germline mutations in the
adenomatous polyposis coli (APC) gene. FAP is
estimated to occur in only 1 per 6,000–18,000
births. This syndrome is defined by the occurrence
of hundreds to thousands of colonic adenomas. In
the setting of FAP, FGPs, like colonic adenomas,
arise through “second-hit” inactivating mutations
in the APC gene or through chromosome 5q alle-
lic loss. These second, somatic mutations lead to
mutational inactivation of the APC gene.

The molecular basis of the different groups of
FGPs involves the APC/b-catenin/Tcf signaling
pathway, albeit being based on completely
different molecular defects. The presence of
clonal APC or b-catenin mutations in FGPs indi-
cates that they are neoplastic growths, but they
have limited potential for malignant transforma-
tion. Both genes are involved in the same cell
growth-signaling pathway, which explains why
mutations in either gene can give rise to FGPs
that are histologically similar. Both types of
mutations – inactivation of the APC tumor sup-
pressor gene and activation of the b-catenin
oncogene – result in stabilization of b-catenin
protein and its abnormal accumulation in affected
cells.

Differential Diagnosis

Endoscopically, FGPs may be difficult to differ-
entiate from carcinoid tumors which, in a certain
subgroup of patients, are also small, often
multiple, and exclusively located in the corpus
or fundic region. However, carcinoid tumors are
usually yellowish and have a firm consistency.

Atrophic (autoimmune) gastritis with multiple
persistent islands of oxyntic glands in the corpus
mucosa may mimic FGPs. Histologically, FGPs
are quite characteristic; however, focal foveolar
hyperplasia may resemble FGPs.
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Synonyms

Nonchromaffin paraganglioma of the duodenum

Definition

Gangliocytic paraganglioma is a rare and unique
neuroendocrine neoplasm which is currently clas-
sified as an epithelial tumor according to the clas-
sification of tumors of the digestive tract by the
World Health Organization (WHO). The tumor
reveals histologic and immunohistochemical fea-
tures of both neural and endocrine tissues, and
histologic diagnosis requires the presence of
three different cell lineages: epithelioid cells
resembling paraganglioma or well-differentiated
neuroendocrine tumor; spindle cells reminiscent
of Schwann cells; and ganglion or ganglion-like
cells.

Gangliocytic paraganglioma has been consid-
ered as a hyperplastic or hamartomatous counter-
part to the neoplastic duodenal well-differentiated
neuroendocrine tumor (carcinoid), both derived

from the same embryonic anlage. Although it is
regarded as a benign neoplasm, the benign nature
of this tumor is controversial due to the several
reports of lymph node and distant metastasis in the
literature.

Major clinical symptoms of the tumor include
abdominal pain, nausea, vomiting, and gastroin-
testinal bleeding.

Clinical Features

• Incidence
It is considered as a rare tumor with an
increased propensity in NF1 patients.

• Age
Most patients are present in the fifth and sixth
decades, with ages ranging from 17 to 80 years.

• Sex
There is slight male predominance over
females as 1.8:1.

• Site
Most GPs arise in the medial aspect of the
second part of the duodenum, especially at
the ampulla of Vater. Jejunum, stomach, and
appendix localizations may rarely be seen.

• Treatment
Surgical treatment modalities vary from
endoscopic excision to pylorus-preserving
pancreaticoduodenectomy. The possibility of
lymph node metastasis makes the optimal ther-
apy controversial. Recent reports indicate that
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endoscopic polypectomy is the treatment of
choice, except in cases where the tumor is
>3 cm and/or there is active or recent bleeding.
A follow-up endoscopy after 3–6 months is
recommended to verify that the resection was
complete. Surgical treatment is indicated for all
GPs that are unresectable by upper gastrointes-
tinal endoscopy and for all malignant forms.

• Outcome
There is controversy over the nature of GPs
because of their malignant potential. Though
GPs usually follow a benign clinical course
there are 23 reported cases with lymph node
metastasis, one case of bone metastasis, and
two cases of liver metastasis in the literature.
Recurrences are possible in lesions that are
incompletely excised. The 2010 WHO classi-
fication indicates tumor size (>2 cm) as the
predictive factor for recurrences. There is,
however, not sufficient data to label the tumor
as malignant.

Macroscopy

Gangliocytic paraganglioma typically presents as
a single pedunculated or sessile polypoid, submu-
cosal lesion with a diameter varying from 5.5 to
100 mm (mean, 24.2 mm). The tumor is usually
a well demarcated, un-encapsulated, solid mass
with an infiltrative border, typically centered in
the submucosal layer and frequently infiltrating
the mucosal and/or muscularis layer. The overly-
ing mucosa is typically ulcerated even when there
is no mucosal invasion (Fig. 1).

Microscopy

Histopathologic diagnosis of GP requires the
specification of three distinct cell lineages: (i)
epithelioid cells arranged in an endocrine growth
pattern, (ii) spindle cells with the appearance of
nerve sheet cells, (iii) ganglion or ganglion-like
cells. The proportion of the three characteristic
cell types may vary widely. In many cases,

epithelioid cells dominate the picture while gan-
glion cells and/or spindle areas may be scarce.

The epithelioid cells may show varying
growth patterns as nests, ribbons, trabeculae,
pseudoglandular, and occasionally papillary
structures in a vascular background, reminiscent
of an endocrine tumor. These neuroendocrine
cells have eosinophilic or amphophilic cytoplasm
and ovoid nuclei with variations in size and
nuclear shape, with low or no mitotic activity.
Spindle cells show bland round to elongated
nuclei and may form broad fascicles with prolif-
erating nerve fibrils and Schwann cells typical
of neurofibroma. The ganglion cells may be
scattered singly or aggregated in clusters,
intermixed with the epithelioid and spindle com-
ponents. The ganglion-like cells may reveal
a spectrum ranging from typical ganglion cells
to larger cells with abundant often granular eosin-
ophilic cytoplasm, small, inconspicuous, or even
indiscernible nucleoli, in contrast to those in typ-
ical ganglion cells (Fig. 2).

Mitoses are rare (up to 3 per 10 high-power
fields). Cytologic atypia is minimal and necro-
sis is absent. Rarely psammoma bodies are
observed. Even in cases with lymph node
metastasis, lymphatic invasions are rarely
reported.

Gangliocytic Paraganglioma, Duodenal, Fig. 1 A
polypoid tumor localized in the submucosal layer of the
duodenum with well-demarcated borders (H&E; �20)
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These tumors have the tendency to infiltrate the
surrounding smooth muscle and mucosa of the
duodenum, and those in the ampulla often show
entrapment of pancreatic ducts.

Immunophenotype

Each of the three cellular components shows char-
acteristic immunohistochemical staining. The epi-
thelioid-neuroendocrine cells are immunoreactive
for a variety of antibodies including principally
cytokeratin, chromograninA, synaptophysin, neu-
ron-specific enolase (NSE), and human pancreatic
polypeptide (HPP) and followed in frequency by

somatostatin and vasoactive intestinal peptide
(VIP). The spindle cells are almost always immu-
noreactive for S100 protein and may also stain
with NSE, neurofilament protein, and syn-
aptophysin in varying degrees. The ganglion
cells are frequently immunoreactive for syn-
aptophysin, NSE, and neurofilament protein
(Fig. 3).

There have been reports supporting the relation
between bcl2 and/or p53 positivity with malignant
behavior and Ki-67 (MIB-1) index as a prognostic
indicator in neuroendocrine tumors. However, no
sufficient data is present for GPs, and there is no
reported immunohistochemical diversity between
GPs with or without lymph node metastasis
(Fig. 4).

Molecular Features

GPs have been associated with NF1. No specific
immunophenotypic feature is reported for GPs.

Differential Diagnosis

The diagnosis of GP is achieved by routine H&E
stained sections with its characteristic three cell
lineages in typical cases. Immunohistochemical
examination is also regarded as an important diag-
nostic tool to assist the definite diagnosis. The
variation in the proportion of the cellular compo-
nents and the infiltrative borders suggesting
a malignant tumor may lead to misdiagnosis.
The lesions that are most commonly mistaken
for GPs are carcinoid tumors, paragangliomas,
ganglioneuromas, nerve sheet tumors, smooth
muscle tumors, gastrointestinal stromal tumors,
and also adenocarcinomas, particularly in biopsy
material.

A careful histologic examination uncovering
the scarce ganglion-like cells and/or spindle com-
ponent and the variation in size and nuclear shape
in contrast to the uniform cells of duodenal carci-
noids can help to differentiate the diagnosis
towards GP (Fig. 5).

Gangliocytic Paraganglioma, Duodenal, Fig. 3 The
ganglion-like cells scattered in the tumor begin to come
apparent at high-power examination (H&E; �200)

Gangliocytic Paraganglioma, Duodenal, Fig. 2 The
epithelioid component arranged in nests and nodules
resembling an endocrine tumor and the spindle cell com-
ponent of the tumor with broad fascicles and palisading
Schwann like cells is striking in low power examination
(H&E; �100)
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Extraadrenal paragangliomas which lack
ganglion-like and spindle cells can occur in the
mesentery of the bowel including that of the
duodenum. Cytokeratin expression which is gen-
erally not found in paragangliomas can aid the
differentiation of GP from that potentially malig-
nant and extremely rare tumor (Fig. 6).

It is extremely rare for a GP to reveal an incon-
spicuous epithelioid component, even when the
spindle cell component is predominant. There-
fore, a careful search for epithelioid areas shall
differentiate GPs from its mimickers like
ganglioneuromas and the spindle cell tumors
including nerve sheet tumors, smooth muscle
tumors, and neurofibroma which consistently
lack the epithelioid cells.

Misdiagnosis of carcinoma can be made
because of the infiltrating borders of GP. GIST,
smooth muscle tumors, and adenocarcinoma
can easily be excluded by immunohistochemical
positivity with NSE, S-100 protein, and
synaptophysin.
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Gangliocytic Paraganglioma, Duodenal, Fig. 5 Spin-
dle cell component of the tumor strongly immunoreactive
with S100 antibody (antiS100 IHC; �200)

Gangliocytic Paraganglioma, Duodenal, Fig. 6 Dif-
fuse Synaptophysin positivity both in the epithelioid com-
ponent and the scattered ganglion-like cells (arrows)
(antisynaptophysin IHC; �200)

Gangliocytic
Paraganglioma,
Duodenal, Fig. 4 A
gangliocytic paraganglioma
with an epithelioid
dominant cell lineage
resembling a carcinoid or
a paraganglioma (a) shows
pancytokeratin
(HMWCK + LMWCK)
positivity (antiPANCK
IHC; �200)
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Ganglioneuroma

Berna Savaş1 and Arzu Ensari2
1Department of Pathology, Ankara University
Medical School, Ankara, Turkey
2Department of Pathology, Ankara University
Medical School, Sihhiye, Ankara, Turkey

Synonyms

Diffuse ganglioneuromatosis; Ganglioneur-
omatosis; Ganglioneuromatous polyposis; Iso-
lated (solitary) polypoid ganglioneuroma;
Mucosal ganglioneuroma

Definition

Ganglioneuroma (GN) of gastrointestinal tract is
an extremely rare neuroectodermal tumor that is
characterized by the presence of mucosal gan-
glion cells and spindled Schwann cells often
with numerous eosinophils. Gastrointestinal GNs
are divided into three groups defined as polypoid
GN, ganglioneuromatous polyposis (GP), and dif-
fuse ganglioneuromatosis (DG). The most com-
mon form is polypoid GNs form which show
amixture of ganglion cells and nerve fibrils within
mucosa, extending to submucosa. In GP, most
polyps resemble typical polypoid GN, whereas
others show filiform mucosal projections
containing groups of ganglion cells with little
neural stroma. GP affects patients with familial
adenomatous polyposis (FAP), Cowden’s disease,
tuberous sclerosis, multiple endocrine neoplasia
type 2b (MEN type 2b) syndrome, colorectal car-
cinoma, and juvenile polyposis (JP). Patients with
GP may develop multiple cutaneous lipomas and
may have a family history of multiple intestinal
polyps, adrenal myolipomas, and nodular goiter.
DG is characterized by a poorly demarcated nod-
ular or an exuberant proliferation of nerve fibers,
ganglion cells, and supporting cells of the enteric
nervous system. DGmay be associated withMEN
type 2b syndrome. In contrast to DG and GP,

polypoid GNs do not usually have any evidence
of multiple tumor syndromes or familial diseases
(Fig. 1).

Clinical Features

• Incidence
GNs of GI tract are extremely rare tumors. No
figures for incidence available.

• Age
Isolated polypoid GNs occur at any age, most
patients are younger than 20 years. GP and DG
have a higher mean age of over 30 years.

• Sex
Isolated polypoid GNs develop equally in both
sexes while GP and DG show a male
predilection.

• Site
In GI GNs mainly involve colon and rectum,
unlike neurofibromas and neurofibromatosis,
which occur more commonly in small intestine
and stomach. Isolated polypoid GNs develop
in the appendix, terminal ileum, duodenum,
stomach, intestine, and anus. GPs are found
in the colon ant terminal small bowel while
DGs can be seen anywhere along the GI tract.

• Treatment
Isolated GNs and GPs can be treated with
polypectomy and/or mucosectomy. DGs, how-
ever, can be treated with total resection of the
affected segment which is usually the entire
colon.

• Outcome
Isolated GN, GPs have favorable outcome after
total excision, while DGs may cause severe
morbidity.

Macroscopy

GNs and GPs typically develop in the mucosa
or submucosa as a polypoid mass <1–2 cm or
as multiple polyps. In DGs, the lesions vary in
size from 1 to 17 cm with thickening of bowel
wall with nodules leading to strictures
(Fig. 2).

Ganglioneuroma 261

G



Microscopy

GNs show a mixture of ganglion cells and nerve
fibrils within mucosa, extending to submucosa.
In GPs, many polyps are indistinguishable from
the typical polypoid GN, while others show
unusual filiform mucosal projections containing
clusters of ganglion cells with little or no appar-
ent neural component. Crypt architecture is dis-
turbed with extension of the lamina propria by
neural matrix and ganglion cells. In GPs, gan-
glion cell content shows grater variability in
comparison to GPs. The surface of the lesions
may be ulcerated. In DGs mucosa, submucosa,
and submucosal plexuses may be involved.
Unlike the polypoid GNs, these lesions are
mostly ill-defined. DGs consist of transmural
proliferation of nerve fibers, ganglion cells,
and stromal cells.

Immunophenotype

The immunohistochemical stains used for
confirming the diagnosis of GN also provide use-
ful information about the mucosal and submuco-
sal distribution of the lesion and highlight the
presence of ganglion cells, nerve fibers, and sup-
portive cells in all plexuses. All lesions suggestive
of diagnosis of GN are stained for synaptophysin
(SYN), chromogranin A (CHRA), S-100 protein,
neuron specific enolase (NSE), and RET protein
immunohistochemically. The ganglioneuromatous
nature of proliferating spindle cells and support-
ive cells of the enteric system can be confirmed
by strong immunoreactivity for S-100 protein,
while ganglion cells stay nonreactive. SYN is
present in ganglion cells and nerve fibers.
CHRA shows only weak cytoplasmic staining in
ganglion cells.

Ganglioneuroma, Fig. 1 (a, b) Mucosal polypoid ganglioneuroma with neurofibrillary matrix widening the lamina
propria. (c) Clusters of ganglion cells within the neurofibrillary matrix (H&E; �40, �100, �200, respectively)
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Molecular Features

In isolated GNs no specific molecular alteration
has been described. GP and DP show mainly the
molecular alterations with respect to the associ-
ated clinical syndrome such as Cowden’s Syn-
drome, MEN2B, NF1 involving genes like
PTEN, RET, NF1, etc.

Differential Diagnosis

Differential diagnosis varies for GNs, GPs, and
DGs. GNs can resemble endoscopically and mac-
roscopically any polypoid lesion of the GI tract.
Microscopically these lesions should be differen-
tiated from mucosal neuromas, schwannomas,
perineuriomas, and GISTs, particularly when
there is paucity of ganglion cells. GPs, on the

other hand, should be distinguished from other
GI polyposis syndromes. Hirschsprung’s disease,
intestinal neuronal dysplasia, and various other
neuromuscular disorders of the GI tract should
be considered in the differential diagnosis of DGs.
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Synonyms

Watermelon stomach

Definition

GAVE was firstly described in 1984, in a report of
three cases, as referring to a condition with
a characteristic endoscopic antral appearance in
which the longitudinal antral folds had visible red-
dened vessels radiating from the pylorus and there-
fore resembling the stripes on a watermelon
(Jabbari et al. 1984). Usual presentation ranges
from occult bleeding (with possible transfusion-
dependent anemia) to severe acute GI bleeding.
Although etiology remains largely unknown,
most patients with GAVE have chronic medical
conditions with up to 30% of patients suffering
from liver cirrhosis. In case of non-cirrhotic
patients, autoimmune diseases have consistently

been reported (Selinger and Ang 2008), being
autoimmune connective tissue disorders,
Raynaud’s phenomenon, and sclerodactyly the
most common.

Clinical Features

• Incidence
GAVE is considered a rare medical condition
that accounts up to 4% of all non-variceal
upper GI bleedings.

• Age
The mean age of presentation in non-cirrhotic
is 73 years old. Cirrhotic patients are younger
with a mean age of 65.

• Sex
Classic non-cirrhotic GAVE is more common
in women (71%) whereas cirrhotic GAVE
patients are usually in men (1.5:2 ratio).

• Site
The ectatic vessels are typically limited to the
antrum of the stomach. There is a report of
some patients with classical GAVE and similar
lesions occurring also in the cardia.

• Treatment
Several therapeutic modalities are used for
GAVE. Symptomatic therapy for correction
of chronic or acute blood loss includes
fluids and blood transfusions as well as
iron supplementation. Pharmacological ther-
apy has been tried with corticosteroids and
estrogen and progesterone with some suc-
cessful reports. Tranexamic acid has also
been tested in reducing bleeding episodes
and transfusion requirements (Selinger and
Ang 2008).

Due to uncontrolled blood loss, treatment of
GAVE often requires endoscopic therapy with
thermal ablation. However, many patients will
ultimately require a surgical resection
(antrectomy or gastrectomy) to achieve cure
and eliminate transfusion dependency
(Selinger and Ang 2008).

• Outcome
Although no exact proportions are reported,
morbidity and mortality are high, particularly
in patients with decompensated cirrhosis.

264 Gastric Antral Vascular Ectasia (GAVE)



Macroscopy

The endoscopic appearance is usually character-
ized by visible columns of red tortuous ectatic
vessels along the longitudinal folds of the antrum.
When present, these macroscopic features are
pathognomonic for GAVE (Montgomery and
Voltagio 2012). In other cases, the endoscopic
appearance only consists of a gastric diffuse ery-
thema and may present a diagnostic challenge (see
further discussion in Immunophenotype and Dif-
ferential Diagnosis).

Microscopy

On microscopic examination, there are usually
features of mucosal prolapse, with foveolar hyper-
plasia, fibromuscular hypertrophy, dilated muco-
sal capillaries, and focal fibrin thrombi.
Interestingly this last feature allows the distinction
from patients with portal hypertensive
gastropathy (PHG), since these do not have fibrin
thrombi in the dilated capillaries (Montgomery
and Voltagio 2012). However, the described his-
tological features for GAVE are not
pathognomonic.

Immunophenotype

CD61 immunolabelling (platelet glycoprotein IIIa
antigen) can be used to highlight the fibrin thrombi
in the dilated capillaries. This marker has been
reported as always positive in GAVE and therefore
as a possible useful marker for differentiating
GAVE from PHG (Westerhoff et al. 2010).

Differential Diagnosis

Themain differential diagnosis to consider is portal
hypertension gastropathy (PHG). However clini-
cally, PHG occurs in a setting of portal hyperten-
sion, whereas GAVE does not, as previously
referred, a significant proportion of patients
with GAVE also have liver pathology (Burak
et al. 2001). Furthermore, endoscopically, both

conditions might have very similar presentations
with considerable overlap in cases of GAVE with
associated liver cirrhosis and severe PHG. Still,
sometimes difficult, it is important to make the
correct differential diagnosis between these two
conditions due to critically different therapies.

Other causes of GI bleeding, specially upper
GI bleeding, such as Dieulafoy’s lesion, should
also be considered as possible differential diagno-
sis of GAVE (Burak et al. 2001).
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Synonyms

Antropyloric region; Distal stomach;
Pyloric antrum
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Anatomy

Anatomically, the stomach is divided from
proximal to distal into the following regions: car-
dia, fundus, corpus or body and the antropyloric
region; the latter is in this entry designated as
antrum. The extent of the gastric regions varies
between individuals, and in individuals, with age
and with disease progress. The triangularly
shaped antrum is demarcated from the corpus by
a notch in the lesser curvature, the incisura
angularis. A greatly thickened distal muscular
wall forms the pyloric sphincter. A narrow
lumen passes through the pyloric sphincter to the
duodenum. Possibly due to chronic gastritis,
many older adults have a reduction in the area of
fundic mucosa, with expansion of the zone of
pyloric mucosa. This results in proximal
displacement of the pylorofundic junction,
a change termed pyloric or pseudopyloric
metaplasia.

Function

The stomach functions as reservoir, harbors
a mucosal barrier function, hormonal functions,
and initiates the digestive process by mixing and
degradation of food and secretion of protein-
digesting enzymes and acids to food. The
antropyloric region is involved in hormonal regu-
lation of gastric acid secretion and mechanical
gastric emptying.

Neuroendocrine Functions
The stomach contains a wide variety of hormone-
producing cells. In the antrum, the predominant
endocrine cells, about 50% of the whole endo-
crine cell population are gastrin-producing (G)
cells, 30% are enterochromaffin (EC) cells, and
15% are somatostatin-producing (D) cells. This is
in contrast with the corpus where the majority of
endocrine cells are enterochromaffin-like (ECL)
cells, which secrete histamine. The hormone-
producing cells in the antrum are mostly located
in the neck region just below the foveolae. The
hormones either enter the blood or modulate other
locally situated cells (paracrine effect).

• The G cells secrete gastrin, which stimulates
acid production and mucosal cell growth.
There are two major forms of gastrin, G17
and G34, depending on the number of amino-
acid residues. G17 is the major form found in
the antrum. Its actions are mediated primarily
through the CCK-2 receptor on ECL cells, a G
protein-coupled receptor previously termed the
CCKB or gastrin receptor. Gastrin release is
stimulated either as a result of distention of
the antrum (mechanical stimulus) or by direct
stimulation from ingested food, due to
increased pH and proteins (chemical stimulus).
When the antrum becomes distended or alka-
linized, G cells release gastrin that binds to
gastrin receptors on ECL cells. This results in
hyperplasia of ECL cells as well as histamine
release, subsequently binding to histamine
receptors on parietal cells, stimulating acid
secretion. Gastrin also stimulates directly the
acid secretion by binding to gastrin receptors
on parietal cells. Acid secretion is further
influenced by vagal stimuli. Consequently,
the lower pH negatively regulates gastrin
secretion through a feedback loop. The G cell
population consists of approximately ten mil-
lion but can increase and is influenced by dis-
ease. Hypergastrinemia, defined as a fasting
serum gastrin concentration of >100 pg/mL,
can be caused by gastrinoma, antral predomi-
nant H. pylori gastritis, gastric outlet obstruc-
tion, renal failure, atrophic gastritis, and
antisecretory therapy. The highest amount of
G cells is found in the antrum near the pylorus,
the number gradually decreases proximally to
the junctional zone between the antrum and
corpus. G cells are normally not found in
the corpus.

• The luminal pH-sensitive population of D cells
secretes somatostatin. D cells inhibit acid
secretion, gastrin and intrinsic factor secretion,
and acetylcholine release by secretion of
somatostatin. Somatostatin inhibits acid secre-
tion in a paracrine fashion directly by
inhibiting secretion from the parietal cell as
well as indirectly by inhibiting histamine
secretion from the ECL cell and gastrin secre-
tion from the G cell.
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• EC cells synthesize, store and secrete mainly
serotonin; other products are tachykinins,
enkephalins, and motilin. EC cells can be iden-
tified in all alimentary tract segments and are
most numerous in the gut. They have regula-
tory functions including the initiation of peri-
stalsis by stimulating gut motility and the
regulation of gastrin release inhibition. Seroto-
nin is released in response to an increase in
intraluminal pressure or chemical stimuli, low
pH, hypertonic glucose, amino acids, secre-
tion, and peristalsis.

Gastric Mucin
The pH of gastric mucin is in the neutral or alka-
line range, and therefore neutralizes the hydro-
chloric acid to some degree to prevent the gastric
mucosa. The exact physiologic role of gastric
mucin is not determined. Clearly, the soluble
mucin plays a role in lubrication. The insoluble
fraction acts as a surface laying, forming a barrier
that, together with bicarbonate secreted by the
superficial epithelial cells, prevents back-
diffusion of acid and gastric autodigestion.

Pylorus
The pylorus is a muscular sphincter and regulates
the movement of digested contents from the
stomach into the duodenum. The muscle also
functions as a sphincter by preventing backflow
of duodenal contents into the stomach. When
contracting, it narrows the diameter of the
aperture, and when the cylinder is fully
contracted, the aperture is closed.

Size, Weight

The entire stomach has a volume of
1,200–1,500 mL, but can extend to over
3,000 mL. The triangularly shaped antrum
occupies the distal third of the stomach proximal
to the pyloric sphincter. The antrum extends
along the lesser curvature, around 5–8 cm and
often almost reaches the cardia, while along the
greater curvature, the extension is approximately
4–6 cm. The pyloric canal measures 2.5–5 cm
in length.

Macroscopy

The antrum represents the distal third of the
stomach proximal to the pyloric sphincter. The
junction between the antrum and corpus is poorly
demarcated. By external examination, the antrum
comprises the portion of stomach distal to the
incisura, a notch on the lesser curvature. The
antrum is characterized grossly by mucosa that is
flatter than the prominent gastric folds or rugae in
the corpus. Furthermore, the antrum is more
firmly anchored to the underlying submucosa.
The muscular pyloric sphincteric cylinder is
a tube of thickened muscularis externa, in adults
approximately 2.5–5 cm in length when fully
contracted. The pyloric ring (3–4 mm in width)
is the aboral thickening of the cylinder.

Microscopy

Histologically the gastric mucosa is divided into
three distinctive epithelial mucosa zones: cardiac,
oxyntic (corpus and fundus), and antropyloric
mucosa. The mucosa can be divided in three
major epithelial compartments: the gastric pits
and surface lining, the mucous neck region, and
the glands. The nature and relative thickness of
the glands and pits defines each gastric zone. The
antropyloric mucosa constitutes the distal 20% of
the stomach and consists of foveolae and
antropyloric glands, both occupying about half
of the mucosal thickness (Fig. 1).

Antropyloric glands are coiled tubular glands
and resemble histologically cardiac glands and
Brunner’s glands of the duodenum (Fig. 2). How-
ever, they are more compact and there is less
abundant lamina propria surrounding the glands
compared to cardiac mucosa. Antropyloric glands
are coiled and extensively branched, cystic dila-
tion is usually absent. The glands are composed of
two major cell types: tall columnar cells, which
secrete neutral mucin, and scattered endocrine
cells. The columnar cells of the antropyloric
glands have ill-defined borders and a bubbly
vesicular cytoplasm that is different from the
foveolar and surface epithelium. Single or small
groups of isolated parietal cells are frequently
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found in the antrum, especially at the junctional
zone next to the corpus. However, it is uncommon
for chief or zymogenic cells to be present outside
of the corpus and junctional area. The pyloric
glands secrete neutral mucin only. Mucous neck
cells reside in the neck and isthmic region of the
gastric glands. They derive from mitotically
active stem cells in the neck region. In the
antropyloric region, the pits occupy approxi-
mately 40% of the mucosa. They branch and
may not always lie perpendicular to the surface.

Neuroendocrine cells appear as cuboidal or
short columnar cells scattered among the gastric
epithelia, usually in the glands. In the antrum,
approximately 50% of neuroendocrine cells are
G cells, 30% are EC cells, and 15% are D cells.
The remaining 5% consist of other endocrine cell
types. G cells are large, round, or oval cells and lie
predominantly in the neck region of the antral
glands, trailing off toward the gland base.
G cells normally have an irregular and random
spatial distribution that ranges between one to
four cells per gland. They contain variably dense
cytoplasmic granules measuring 150–200 mm in
diameter. EC cells are sparse in the mucous neck
portion but are quite numerous in the lower half of
the gland. Their overall distribution is patchy;
areas with numerous EC cells alternate with
areas containing few or none. They are
especially numerous in areas of intestinal meta-
plasia. D cells are uniformly distributed through-
out the antral and body mucosa. Most D cells are
open cells that act as receptors, interacting with
luminal contents. A feedback mechanism exists in
which intraluminal acid stimulates somatostatin
secretion. Antral D-cell hyperplasia can be
observed in patients with duodenal ulcer disease.
Antral G-cell hyperplasia is seen as a reaction in
patients with autoimmune gastritis.

The lamina propria provides structural support,
consisting of a fine meshwork of reticulin with
occasional collagen and elastic fibers that are con-
densed underneath the basement membrane. The
lamina propria is more abundant in the superficial
portion of the mucosa between the pits, especially
in the pyloric mucosa. It contains numerous cell
types, including fibroblasts, histiocytes, plasma
cells and lymphocytes, polymorphs, and mast
cells. The lamina propria also contains capillaries,
arterioles, and nonmyelinated nerve fibers. A few
fibers of smooth muscle extend upward from the
muscularis mucosa into the lamina propria, occa-
sionally reaching the superficial portion of the
mucosa, especially in the distal antrum. Small
aggregates of lymphocytes can be found in the
normal stomach.

At the junction of two different mucosal types,
as in the junction of the antrum and corpus, there
are transitional zones that share features of both

Gastric Antrum (Distal Stomach), Fig. 2 Antropyloric
glands are coiled tubular glands and resemble cardiac
glands and Brunner’s glands of the duodenum. The cells
have an eccentric nucleus and contain foamy cytoplasm
(H&E, original magnification 200�)

Gastric Antrum (Distal Stomach), Fig. 1 Gastric
antropyloric mucosa, submucosa, and muscularis propria.
The surface epithelium appears slightly villous. The
antropyloric glands are loosely packed and occupy about
half of the mucosa (H&E, original magnification 25�)
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mucosa types. This transitional mucosa usually has
the structure of antral mucosa, with clustered
glands and tall pits; the glands usually contain
mucous cells and gastrin-producing cells of antral
mucosa mixed with parietal and chief cells of
oxyntic mucosa. As people age, transitional
mucosa gradually creep proximally, especially
along the lesser curvature. The border between
the antrum and corpus may show a mixture of
oxyntic and mucous glands for a variable length
of mucosa. The most useful criteria to determine
when one crosses from corpus into antrum are the
absence of chief cells and the change from
single tubular glands in the corpus to branched
glands in the antrum. It may be difficult to
determine the site of origin of the gastric mucosa,
particularly when it is altered by inflammation,
atrophy, and/or metaplasia. In particular, it may
be difficult to differentiate between a nonatrophic
antral gastritis and atrophic body gastritis with
pseudopyloric metaplasia.

Immunophenotype/
Immunohistochemistry

Mucin stains such as (A)PAS, alcian blue,
or combined PAS/alcian blue can be used to high-
light the morphology (Fig. 3). Within the neuro-
endocrine cells, hormones are present as
cytoplasmic granules located between the nucleus

and basement membrane; but, because the gran-
ules are generally inconspicuous on H&E sec-
tions, special immunostains are required for their
demonstration. The EC cells have argentaffin
granules, which can be stained by Fontana, Mas-
son, or the diazo technique. Individual hormones,
for example, gastrin and somatostatin, may be
demonstrated by immunohistochemistry with the
use of specific antibodies (Fig. 4).

Table with Important Diseases (Links)

Gastric Adenoma
Gastric Stump
Gastritis Cystica Polyposa/Profunda
Goblet Cells
Hyperplastic Polyp
Neuroendocrine Tumors
Neuroendocrine Cell Hyperplasia
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Synonyms

Proximal stomach

Anatomy

The stomach is divided into four anatomic
regions: cardia, fundus, corpus, and
antropyloric. The gastric cardia is a narrow, ill-
defined region and is not grossly distinctive or
sharply demarcated. It represents the area of the
mucosa located distal to the anatomic gastro-
esophageal junction and proximal to the body of
the stomach (fundus/corpus) that is composed
entirely of oxyntic glands. The cardia is a very
short segment (<0.4 cm) of the mucosa that is
typically composed of pure mucous glands or
mixed mucous and oxyntic glands.

The extent of the cardiac mucosa and even its
existence as a component of the normal stomach
has been disputed. In many studies an attempt has
been performed to delineate the normal histology
of the true gastric cardia, using biopsies, resec-
tions, or autopsy specimens. Some studies, mainly
in adults, reported the presence of gastric cardia in

only 50% of the studied population. A significant
proportion of patients with cardiac mucosa con-
comitantly had chronic active inflammation with
variable amounts of intestinal metaplasia. Conclu-
sions drawn were that the cardiac mucosa is an
acquired, metaplastic lesion and probably results
from gastroesophageal reflux disease (GERD).
However, several histology studies in neonates,
infants, and young pediatric patients have shown
the existence of true gastric cardia as a normal
component of the stomach. In these patient groups
there is minimal or no confounding influences of
diseases that increase in prevalence with age, such
as gastric reflux or Helicobacter pylori infection.
The presence of the cardiac mucosa in the proxi-
mal stomach, located between esophageal squa-
mous and gastric fundic glands, has also been
confirmed in the embryo-fetal stomach and at
term delivery. This data establish the congenital
nature of gastric cardia at this stage of human
development. The discussion around the gastric
cardia is ongoing and is related to the lack of
precise, standardized, and reproducible defini-
tions of the gastroesophageal junction. The exact
location of retrieved biopsies in this area is often
unclear due to a lack of clinical information and
good endoscopic correlation.

Function

The mucinous columnar epithelium serves as
a “buffer zone” between the squamous epithelium
of the esophagus and the oxyntic glands of the
stomach. Cardiac glands secrete mucus that forms
a protective blanket on the gastric surface.

Size, Weight

The cardiac mucosa is concentrated in a narrow
zone of the proximal stomach, and the length of
the gastric cardia is generally considered to be
smaller than 5 mm. There may be geographical
or ethnic differences; ranges have been reported
from 1 to 5 mm in Caucasian adults in Europe and
North America, and ranges of 13–15 mm are
reported in Japanese and Chinese studies. It is
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unclear whether this represents a true ethnic dif-
ference in the distribution of the amount of cardiac
glands or that it results from the application of
other definitions. However, the interesting differ-
ence of the amount of cardiac glands might be
associated with different disease pathogenesis
mechanisms among various ethnic patient groups.

Macroscopy

The transition point or Z-line separates the pearly
white-gray esophageal squamous mucosa from
the erythematous gastric columnar mucosa. The
gastric cardia is defined as the proximal area of the
stomach and is demarcated proximal by the
squamocolumnar mucosal boundary (Z-line) and
distal by the oxyntic mucosa from the fundus and
corpus. Macroscopically, the cardiac mucosa has
no distinctive features. For the evaluation of biop-
sies, it is important that the endoscopist describes
the exact location where biopsies were acquired,
especially with regard to the gastroesophageal
transition.

Microscopy

The esophagus is lined by stratified squamous
epithelium and contains scattered mucous glands
within the lamina propria of the mucosa and sal-
ivary gland-like mixed mucous/serous glands in
the submucosa (Fig. 1). Until recently, it was
commonly believed that the distal 1–2 cm of
esophagus is lined by mucinous columnar epithe-
lium similar to the antropyloric region; however, it
is now thought that this transition to columnar
epithelium is in fact metaplastic in origin.
The stomach is lined by mucinous columnar
epithelium and contains either pure oxyntic
glands in the fundus and corpus or pure mucous
glands in the antropyloric region. The histology of
the gastroesophageal junction is controversial and
variable. In “normal” individuals, the anatomic
gastroesophageal junction corresponds to the his-
tologic transition point between the esophageal
squamous epithelium and the gastric mucinous
columnar epithelium.

The cardiac mucosa is composed of surface
mucinous columnar epithelium and either pure
mucous glands or a mixture of mucous and
oxyntic glands in most individuals. The presence
of mixed mucous and oxyntic glands in the gastric
cardia is comparable to other regions of the tubal
gut with histologic transitions from one functional
gland type to another. For instance, the transition
zone between the gastric corpus and the antrum is
also a histologically variable area and often shows
a mixture of antropyloric-type mucous glands and
corpus-type oxyntic glands at this zone.

Cardiac glands are tubular, similar to
antropyloric glands, or compound acinar or race-
mose, mimicking the duodenal Brunner glands.
They consist predominantly of mucous cells with
variable amounts of parietal cells, undifferentiated
cells in the neck zone and endocrine cells in the
base of the gland. Chief cells are generally not
present in cardiac glands.

Carditis can be detected in 79–95% of patients
undergoing upper endoscopy and seems to
increase with age. Carditis is characterized by
abundant inflammation with predominant neutro-
phil granulocytes and an increase in lymphocytes
and plasma cells with or without formation of
reactive lymphoid aggregates. Varying degrees
of intestinal metaplasia, pancreatic metaplasia,

Gastric Cardia (Proximal Stomach), Fig. 1 Resection
specimen demonstrates the gastroesophageal region with
the transition of the squamous epithelium to the gastric
glandular cardiac-type epithelium. Note the carditis with
abundant inflammation marked by an increase in lympho-
cytes and plasma cells around the cardiac glands
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and Helicobacter pylori organisms can be
identified.

The length of cardia-type mucosa can
increase and extend proximally above the level
of the gastroesophageal junction into the distal
esophagus. It is debatable whether these cardiac
glands in the distal superficial esophagus under-
neath the squamous mucosa are metaplastic in
nature or normal congenital tissue. Most com-
monly, this area is considered metaplastic and
originates as a result of GERD; it is referred to
as columnar metaplasia of the distal esophagus
or Barrett’s esophagus when goblet cells are
identified.

Immunophenotype/
Immunohistochemistry

The cardiac glands secrete predominantly neutral
mucin with small amounts of sialomucin. At the
subcellular level, the mucus cells are equipped
with short microvilli at the apical surface and
possess secretory granules in the apical cyto-
plasm, which can be highlighted with periodic
acid-Schiff (PAS) stain. The mucus cells are neg-
ative using Alcian blue stain at pH 2.5 or lower,
which is similar to the staining pattern of mucus
cells elsewhere in the stomach.

Table with Important Diseases (Links)

Carditis
Adenocarcinoma of the gastroesophageal junction
Intestinal metaplasia
Gastroesophageal reflux disease
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Gastric Epithelial Dysplasia

Xiaogang Wen
Centro hospitalar de Vila Nova de Gaia/Espinho,
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Immunology of the University of Porto, Porto,
Portugal

Synonyms

Gastric intraepithelial neoplasia, adenoma.

Definition

Gastric epithelial dysplasia represents unequivo-
cal gastric epithelial neoplastic proliferation char-
acterized by variable cytological and architectural
atypia, without convincing evidence of invasive
growth.

Clinical Features

• Incidence
Incidence of gastric epithelial dysplasia shows
considerable geographic differences and is
usually associated with the regional prevalence
ofHelicobacter pylori infection. The incidence
of dysplasia varies from 0.5% to 4% in western
populations and from 9% to 20% in high-risk
areas for gastric carcinomas.
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• Age
The incidence of gastric epithelial dysplasia
increases with age. It is much more prevalent
after sixth decade.

• Sex
Gastric epithelial dysplasia is more frequent in
males than in females, with a male to female
ratio of 1.2–3:1.

• Site
Gastric epithelial dysplasia occurs more
frequently in the gastric antrum and incisura
angularis, although it can involve the whole
stomach.

• Treatment
The low-grade dysplasia/adenoma can be
treated by endoscopic resection or can just be
kept under surveillance. High-grade dysplasia/
adenoma should be resected endoscopically or
surgically. The choice of the treatment should
depend on the overall size of the lesion, the
risk of invasion (as assessed endoscopically,
radiologically, or ultrasonographically), and on
general factors such as the patient’s age and
comorbidity conditions.

• Outcome
In some studies, spontaneous regression of the
low-grade dysplasia was observed in about
50% of the cases. However, without treatment,
it was estimated that about 15% of the lesions
would progress to high-grade dysplasia or
invasive carcinoma. The risk of progression
from high-grade dysplasia to invasive
carcinoma was estimated up to 80�85%. The
spontaneous regression was observed in less
than 5% of the lesions.

Macroscopy

Gastric epithelial dysplasia can be polypoid
(pedunculated or sessile), flat or slightly depressed.
The flat and depressed lesions may display an
irregular appearance on chromoendoscopy. In
European countries and North America, the term
“adenoma” has been applied when the neoplastic
proliferation produces a discrete, protruding lesion.
In Japan, however, “adenomas” include all gross
types (i.e. flat, elevated, and depressed).

Microscopy

The gastric epithelial dysplasia lesions are
characterized by cytological and architectural
abnormalities, which include loss of surface
maturation, glandular irregularity, nuclear pseudo-
stratification, increased nuclear size and irregular-
ity, heterogeneity of chromatin and mitotic activity.
In the more acceptable two-tiered grading system,
the dysplasia is divided into low-grade and
high-grade.

The low-grade dysplasia lesions display mini-
mal architectural disorganization and mild to
moderate cytological atypia. The nuclei are elon-
gated, polarized and basally located, with dense
chromatin an mild to moderate nuclear pseudo-
stratification. Figures of mitosis can be frequent,
but they are usually confined to the basal half of
the epithelium (Fig. 1).

The high-grade dysplasia lesions display
severe glandular irregularity with intraluminal
folding and, rarely, cribriform pattern. The nuclei
are irregular and vesicular with clumping and
heterogeneous chromatin, and prominent, some-
times, multiple nucleoli (Fig. 2). The nuclear
pseudostratification and figures of mitosis fre-
quently extend to the luminal aspect of the glands,
although sometimes the large nuclear size and less
crowded nuclear arrangement can give the lesion
a “less pseudostratified appearance”. Necrosis is

Gastric Epithelial Dysplasia, Fig. 1 Low grade dyspla-
sia, intestinal type, the nuclei are hyperchromatic and
elongated. The glands are relatively regular

Gastric Epithelial Dysplasia 273

G



not infrequent. The nuclear basal orientation and
polarity can be totally lost in the most severe
lesions, which could be diagnosed as carcinoma
in situ according to the criteria of the Japanese
classification.

Gastric epithelial dysplasia can be morpholog-
ically and genetically categorized into intestinal
phenotype (adenomatous type, type I) and gastric
phenotype (foveolar type, type II). The former is
more common and is constituted by cells with
pencillated and pseudostratified nuclei, and
expression of intestinal-type mucin, resembling
colonic adenomas. The latter is less common and
is frequently constituted of columnar cells with
round to oval nuclei and eosinophilic or pale
cytoplasm. The nuclear pseudostratification is
not as prominent as in the former. The cells con-
tain gastric-type mucin.

Immunohistochemistry

P53 protein, Bcl-2, Ki-67, CD44v6, and other
markers were used in some studies and even in
routine diagnostic work. Although these markers
may be helpful in some circumstances, none of
them can definitely distinguish gastric epithelial
dysplasia from non-neoplastic proliferation. The
adenomatous and gastric dysplasia can be distin-
guished by the expression of of mucin, CD10, and

CDX2 (intestinal/adenomatous: MUC2, CD10,
and CDX2; gastric/foveolar: MUC5AC, absence
of CD10 and low expression of CDX2).

Molecular Features

Although many genetic and molecular events
have been described in dysplasia, no specific alter-
ations are helpful for routine diagnosis.

Differential Diagnosis

Gastric epithelial dysplasia should be distin-
guished from regenerative hyperplasia. The latter
occurs frequently in the border of the benign ulcer
with intense inflammatory reaction. The glands
with regenerative hyperplasia usually have regu-
lar architecture and are composed of cuboidal or
columnar cells, with basophilic cytoplasm. The
nuclei are usually regular and round. The nuclear
basal orientation and polarity are preserved, and
the nuclear pseudostratification, if present, is less
intense than in dysplasia. Cytological atypia is not
uncommon, but should be confined in foveolae or
lower part of the glands. The cells of the overlying
surface epithelium should maintain the relatively
normal morphology. In other words, there is
a tendency of surface maturation in regenerative
hyperplasia. This point is considered as one of the
most important criteria to distinguish reactive
hyperplasia from dysplasia.

For cases in which it is difficult or even impos-
sible to evaluate the surface maturation and other
criteria, for example, in small biopsies exhibiting
inflammation, the term indefinite dysplasia can be
used. In such cases, re-biopsy is encouraged, espe-
cially after treatment for the possible etiologies.

Gastric epithelial dysplasia should be differen-
tiated also from invasive adenocarcinoma. The
desmoplastic stromal reaction and existence of
isolated or small solid group of atypical epithelial
cells suggest invasion. Confluent growth pattern
of the glands, such as aggregation of irregular
glands without evident stroma, complex cribri-
form glands, and luminal necrosis are also
indicators of invasion. It is not surprising that the

Gastric Epithelial Dysplasia, Fig. 2 High grade dys-
plasia, intestinal type, the loss of nuclear polarity and the
glandular irregularity are evident
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invasion can´t always be confirmed. In the revised
Vienna classification of gastrointestinal epithelial
neoplasia exist a subgroup within the group of
high grade dysplasia, which is called “suspicious
of invasive carcinoma.”
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Gastric Graft-Versus-Host Disease
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1Department of Pathology, Taipei Veterans
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Boston, MA, USA

Synonyms

Graft-vs-host disease, GVHD

Definition

GVHD is the result of the activation of donor
lymphocytes attacking and damaging the recipi-
ent tissues after allogeneic transplant.

Currently, acute and chronic GVHD are
defined more along clinicopathologic features
rather than time post transplant (previous classifi-
cations suggested a breakdown of <100 days for
acute GVHD, 100 days for chronic GVHD).
Some authors suggest that better terms would be
active and active/chronic GVHD.

Clinical Features

• Presentation
Gastrointestinal GVHD commonly presents 3
or more weeks after transplant. The classic
triad of nausea, vomiting, and diarrhea
detected in over 60% of patients represents
the most common symptoms. Isolated diarrhea
with or without abdominal pain is observed in
20% of patients, while nausea or vomiting
without other symptoms is present in only
10% of the cases. Only 7% of GVHD patients
experience abdominal pain alone.

• Incidence
Autologous GVHD is described in up to 10%
of patients receiving autologous hematopoietic
stem cell transplantation. The incidence of gas-
trointestinal disease ranges from 4% to 16%.
The higher incidences reported recently are
likely due to increased awareness of the dis-
ease, which is typically classified as mild.

• Site
The skin is the most common site, followed by
the gastrointestinal tract and liver. In the gut,
any site from oral mucosa to anus may be
involved.

It remains a matter of debate which gastro-
intestinal tract segment (e.g., duodenum, stom-
ach, ileum, colon, sigmoid, rectum) offers the
highest sensitivity for diagnosing gastrointes-
tinal GVHD. Some series report that
rectosigmoid biopsies have a higher sensitivity
and negative predictive value, while other
reports report similar accuracy in reviewing
gastric biopsies.

• Treatment
The mainstay of treatment is steroids, usually
at a high dose, followed by a slow tapering of
the dose. Other immunosuppression therapy
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includes mycophenolate mofetil, tacrolimus,
cyclosporine, infliximab, and daclizumab.

• Outcome
A short course of steroids is effective in man-
aging acute GVHD in the majority of patients
(�80%), and many others respond to a second
course of prednisone. However, up to 50% of
patients develop chronic problems secondary
to GVHD.

Macroscopy

The endoscopic appearance of the gastric mucosa
affected by GVHD varies markedly. Surprisingly,
in most cases, the mucosa is endoscopically nor-
mal. More severe alterations range from mucosal
edema and erythema to nodularity, erosions/ulcer-
ation, and exudate. Overall, the correlation
between the endoscopic appearance and
a histological diagnosis of GVHD varies from
moderate (40%) to excellent (80%).

Microscopy

• Universal gastrointestinal mucosal involve-
ment has been reported, with similar diagnostic
features recognizable throughout the length of
the gastrointestinal tract.

• The samehistological grading system is used for
GVHD throughout the gastrointestinal tract
(Table 1). An NIH Consensus report also has
proposed recommendations for the reporting of
biopsies performed to confirmGVHD (Table 2).

• The histological hallmark of acute GVHD in
the entire gut is epithelial cell apoptosis
(Figs. 1 and 2). However, some mitigating

factors ought to be considered in making the
diagnosis of GVHDwhen only a few apoptotic
bodies are found. For example, conditioning
chemotherapy may induce epithelial cell
necrosis and apoptosis (Figs. 3 and 4). There-
fore, a diagnosis of GVHD should not be based
solely on the presence of apoptotic bodies

Gastric Graft-Versus-Host Disease, Table 1 Tradi-
tional grading of acute gastric GVHD

Grade 1 Isolated apoptotic epithelial cells, without
gland loss

Grade 2 Loss of isolated glands, without loss of
contiguous glands

Grade 3 Loss of two or more contiguous glands

Grade 4 Extensive glandular loss with mucosal
denudation

Gastric Graft-Versus-Host Disease, Table 2 Reporting
template of the National Institutes of Health

Not GVHD No histologic evidence for GVHD

Possible
GVHD

Evidence of GVHD but other possible
etiologies for the findings, such as
CMV infection, MMF-associated
colitis, or other features suggesting
a drug reaction

Consistent with
GVHD

Histologic evidence of GVHD in
association with mitigating factors,
such as limited sampling; minimal
findings (e.g., single/rare apoptotic
epithelial cells); recent chemotherapy
or radiotherapy; or a CMV-infected
biopsy with abundant apoptosis not
associated with the infection

GVHD Unequivocal evidence of GVHD

MMF mycophenolate mofetil

Gastric Graft-Versus-Host Disease, Fig. 1 This low
power image illustrates preserved gastric mucosa with
mild edema of the lamina propria and limited inflamma-
tion. However, multiple apoptotic bodies are identified
predominantly in the neck region (arrowhead) (GVHD
grade 1)
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within the first 3 weeks post transplantation.
CMV infection, a common complication in
immunosuppressed patients, also can induce
apoptotic degeneration.

• The inflammatory infiltrate of the lamina pro-
pria is typically sparse and consists primarily
of mononuclear cells; scattered eosinophils
and neutrophils may be seen. A pattern of
focally enhanced gastritis has been reported
as well.

• Fibrosis of the lamina propria, marked archi-
tectural distortion, gland distortion and/or loss,
and Paneth cell metaplasia develop with long-
standing GVHD. Clusters of endocrine cell
nests may be the only residual cells observed
in advanced cases.

• Practically, it is worth underscoring that the
microscopic features of GVHD can be
patchy. Therefore, evaluation of multiple
biopsy samples and evaluation of several
levels are important before excluding such
a diagnosis.

Immunophenotype

Immunohistochemical evaluation to exclude
CMVinfection is important to review in suspected
cases. Caspase 3 immunohistochemistry has
been used by some investigators for detecting
apoptosis.

Gastric Graft-Versus-Host Disease, Fig. 2 While many
of the gastric pits are preserved, subtle evidence consistent
with GVHD grade 1 is noted. Please note in the center of the
field the attenuated glandular structure, while in other pit
regions, damage with ballooned epithelial cells can be noted

Gastric Graft-Versus-Host Disease, Fig. 3 Biopsy with
unequivocal evidence of GVHD. Prominent apoptosis is
readily identified, with several glands and pits variably
involved with numerous apoptotic bodies. One gland is
filled with necrotic debris and is identified only by
a residual rim of attenuated epithelial cells (right upper
quadrant) (GVHD grade 2)

Gastric Graft-Versus-Host Disease, Fig. 4 Severe
GVHD with markedly attenuated architecture. Only resid-
ual glands are identified. Numerous apoptotic bodies are
identified (GVHD grade 3)
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Differential Diagnosis

Several conditions ought to be ruled out when
considering a diagnosis of gastric GVHD. These
include

• Cytoreactive chemotherapy (conditioning)–
induced gastritis and epithelial apoptosis. The
damage is seen within the first 2–3 weeks after
transplant.

• Mycophenolate mofetil effect. The histology
can be identical to GVHD. Microscopically,
the presence of dilated gastric glands with
numerous eosinophils will favor this
diagnosis.

• Infections. Cytomegalovirus, adenovirus, and
cryptosporidiosis all can induce apoptosis.
Proper use of special stains is helpful. The
presence of neutrophils should alert to
a possible bacterial infection
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Gastric Heterotopia
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Hospitalar de São João, Porto, Portugal

Synonyms

Inlet patch (upper esophagus)

Definition

Heterotopia is defined as the occurrence of normal
tissue in an abnormal location. The presence of
displaced gastric mucosa occurs throughout the
gastrointestinal (GI) tract, from the tongue to the
rectum (Hayama et al. 2010).

The precise pathogenic mechanism is yet
unknown, although a congenital origin has often
been advocated (Tang et al. 2004). Other authors
defend, particularly in the upper esophagus, that
the gastric mucosa originates as a metaplastic end-
product in response to aggressive stimuli to the
local mucosa (Fenoglio-Preiser et al. 2008a). In
one study, esophageal gastric heterotopia was
associated with Barrett’s esophagus in 20% of
the biopsies studied (Tang et al. 2004).

Gastric heterotopia can occur alone but is
frequently associated with congenital anomalies. It
occurs in association with duplications, diverticula
(being commonly present in Meckel diverticulum),
heterotopic pancreas, vertebral body defects, and
megacolon (Fenoglio-Preiser et al. 2008b).

Gastric heterotopia is frequently
asymptomatic. However, especially in the pres-
ence of parietal cells, symptoms such as dyspha-
gia, intestinal obstruction, GI bleeding with
ulceration, or stricture formation can occur
(Fenoglio-Preiser et al. 2008c). When it occurs
in the gallbladder, right upper quadrant abdominal
pain, nausea, vomiting, or sometimes symptoms
associated with biliary obstruction or jaundice can
occur (Hayama et al. 2010).
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Clinical Features

• Incidence
The incidence of gastric heterotopia is vari-
able. In the upper esophagus, it occurs in
1–21% of the population (Fenoglio-Preiser
et al. 2008a), although meticulous autopsy
studies have found an incidence in up to
70% of cases (Fu and Rueda-Pedraza 2012).
In the colorectal area, it is very rare (Sousa
et al. 2010), even if it is the most common
heterotopia occuring in the large intestine
(Fenoglio-Preiser et al. 2008b). In the gall-
bladder, it is extremely rare (Hayama et al.
2010).

• Age
Gastric heterotopia is found in every age
group, although, in the esophagus, it has been
reported as being more common in the first
year of life (Fu and Rueda-Pedraza 2012).
One study found the median age of the patients
with anorectal gastric heterotopia to be 21
years (Sousa et al. 2010).

• Sex
There is no gender predilection in most of the
reported cases (Fu and Rueda-Pedraza 2012),
although in one study on anorectal gastric
heterotopia, there was a slight male
predominance (Sousa et al. 2010).

• Site
As mentioned earlier, gastric heterotopia can
occur throughout the GI tract (Hayama et al.
2010). In the esophagus, inlet patch refers to
gastric heterotopic mucosa in the proximal
portion of that organ (Fu and Rueda-Pedraza
2012). In the duodenum, the most
common location is the bulb (Yantiss and
Antonioli 2009).

• Treatment
Treatment options depend on the localization
of the lesion and the presence of symptoms or
complications such as ulceration or strictures.
In the esophagus, both medical therapies, such
as proton pump inhibitors and histamine type 2
receptor antagonists (used in symptomatic
patients), and endoscopic therapies, such as

endoscopic mucosal resection (EMR),
have been used with success (Basseri et al.
2009). In other locations, such as the
gallbladder and the anorectum, surgical treat-
ment is usually employed (Hayama et al. 2010;
Sousa et al. 2010).

• Outcome
Gastric heterotopia has a good outcome.
Prognosis is dependent on the presence of
complications, such as strictures or ulceration.
The development of adenocarcinoma in
heterotopic gastric mucosa has been
reported, although very rarely (Fenoglio-
Preiser et al. 2008a).

Macroscopy

The macroscopic appearance is variable. Inlet
patch appears as a well-demarcated patch of
salmon-colored mucosa (Fu and Rueda-Pedraza
2012). Small intestinal lesions are usually small
(<1.5 cm) polypoid nodules (Yantiss and
Antonioli 2009), and large intestinal lesions can
also appear as polyps, masses, or hemorrhoids
(Fenoglio-Preiser et al. 2008). In the gallbladder,
gastric heterotopia appears as polypoid
lesions measuring between 0.3 and 4 cm (Hayama
et al. 2010).

Microscopy

Histologically gastric heterotopia (Fig. 1) appears
as tightly packed antral and oxyntic glands, archi-
tecturally normal, covered by foveolar epithelium
(Fenoglio-Preiser et al. 2008; Yantiss and
Antonioli 2009). Chronic and acute inflammation
and ulceration may occur (Fu and Rueda-Pedraza
2012). Sometimes, particularly in polypoid
lesions, as a result of repeated trauma, reactive
secondary changes such as submucosal fibrosis,
prominence of the muscularis mucosae, and epi-
thelial hyperplasia may occur (Yantiss and
Antonioli 2009).
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Molecular Features

Recent studies have suggested that the
deregulation of selected homeobox genes in
response to inflammatory stimuli can be involved
in the pathogenesis of gastric heterotopia (Sousa
et al. 2010).

Differential Diagnosis

In the esophagus, the main differential diagnosis
is with Barrett’s esophagus. In gastric heterotopia,
however, goblet cells are not commonly present.
Also, gastric heterotopia usually appears in the
proximal esophagus (Fu and Rueda-Pedraza
2012).

In other locations, metaplasia is also the most
important differential diagnosis. In small intesti-
nal gastric heterotopia, the presence of oxyntic
glands is a key feature to differentiate this entity
from gastric metaplasia (Yantiss and Antonioli
2009). The same feature helps to distinguish meta-
plastic polyps from gastric heterotopia in the gall-
bladder (Hayama et al. 2010).
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Gastric Stump

Chella R. S. van der Post1 and Fátima Carneiro2
1Department of Pathology, Radboud
University Medical Center, Nijmegen,
The Netherlands
2Faculty of Medicine of Porto University, Centro
Hospitalar São João and Ipatimup/i3S, Porto,
Portugal

Synonyms

Gastric remnant; Gastroenterostoma

Definition

The gastric stump is defined as the part of
the stomach that remains after partial resection.
The gastroenterostomy area, either gastroduo-
denostomy (after Billroth-I) or gastrojejunostomy
(after Billroth-II surgery), is important since there is
an increased risk of developing (pre-)neoplastic
conditions after remote partial gastrectomy.
Gastric stump carcinoma or gastric remnant cancer
is defined as a gastric carcinoma occurring in the
gastric remnant at least 5 years after surgery for
benign peptic ulcer disease. Many studies have
confirmed the increased risk of developing gastric
cancer in the gastric stump. Sometimes the term
“gastric stump carcinoma” is used more broadly to
refer to all cancers arising in the remnant stomach
after partial gastrectomy, regardless of the initial
disease or operation, and includes local recurrence
in the gastric stump after prior partial gastrectomy
for gastric cancer. In the latter, it seems better to
refer to recurrence of cancer since malignant dis-
ease presumably originates from (pre-)cancerous
conditions that already existed before the initial
operation and these cancers are presumably meta-
chronous lesions or recurrence of disease.

Peptic ulcer surgery has dramatically decreased
because of the introduction of H2-receptor antag-
onists, proton pump inhibitors, and the discovery
ofHelicobacter pylori (H. pylori). Despite the fact
that conservative medical therapy has long
replaced partial gastrectomy for the treatment of
ulcer, the incidence of gastric stump carcinoma is
not yet declining, due to the long latency period.
Since surgical therapy was still used frequently for
the treatment of gastroduodenal ulcer disease until
the 1970–1980s, and the fact that cancer develops
with a time interval of 20–40 years, these cancers
will be seen at least until 2015–2020 on a regular
basis. Currently, there are still indications for dis-
tal gastric resection, such as distal carcinoma,
perforation, refractory bleeding, or recurrent
ulcer with outlet obstruction of the stomach. The
risk of developing gastric stump cancer rapidly
increases with time, leading to a 4–7 fold higher
incidence than the general population. The time
interval is one of the most important factors for the
development of a gastric stump carcinoma,
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because the gastric remnant is constantly under
carcinogenic influence.

Factors involved in the etiology of gastric
stump carcinoma include:

– Chronic damage caused by duodenogastric
reflux containing bile and pancreatic juice.

– Antrectomy, leading to decreased gastrin pro-
duction and resulting in less acid production.

– Denervation by vagotomy, also leading to
hypochlorhydria.

– Epstein-Barr virus positivity, which is more
often seen in gastric stump carcinomas.

– Possible endogenous factors: The interleukin-
1b 31T > C polymorphism is associated with
an increased risk of developing gastric stump
carcinoma.

Surgery performed for peptic ulcer disease
include a two-third gastric resection with Billroth-
II reconstruction with an antecolic short afferent
jejunal loop without a Braun’s anastomosis. The
Billroth-I procedure was used less frequently.
Changes to the anastomotic site are already appar-
ent shortly after surgery, but less when a Roux-en-
Y conversion has been carried out to avoid reflux.

The two main factors responsible for changes
in the gastric remnant are chronic damage
secondary to duodenogastric reflux of bile and
pancreatic juice, and hypochlorhydria subsequent
to denervation by vagotomy and antrectomy
which lead to lower levels of gastrin important
for the stimulation of acid production in the
corpus. The chronic duodenogastric reflux initi-
ates tumor progression with chronic atrophic
gastritis and leads to intestinal metaplasia,
dysplasia/adenoma, and eventually carcinoma. It
is not yet knownwhich specific components of the
reflux are responsible for the damage in the rem-
nant. Bile acids like deoxycholic bile acid
show a co-carcinogenic effect and may
contribute to the carcinogenesis in the gastric
stump. The associated gastric atrophy causes
hypochlorhydria and an increasing pH-value,
resulting in growth of bacteria in the gastric
stump. Especially anaerobic bacteria can reduce
dietary nitrates to nitrites. Nitrites in the
presence of substrates, such as proteins of food,

can lead to the formation of potent carcinogens.
This assumption of a circulating carcinogen is
supported by the observation that there is an
increased risk of developing cancer in locations
other than the gastric stump, in particular the
increased risk of developing colon and pancreas
carcinoma after a time interval of 15–20 years.

The role of H. pylori in the development of
gastric stump carcinoma seems to be minimal.
The rate of infection ranges between 23% and
28% and is rather low compared to 54–71% in
primary gastric carcinoma. The lower rate of
infection is probably caused by the duodenal
reflux that leads to a reduction of H. pylori in the
gastric stump.

Clinical Features

• Incidence
The proportion of gastric stump carcinoma
ranges from 1% to 5% of all gastric carcino-
mas. In recent years, the incidence of gastric
stump carcinoma has been increasing, because
of the long latency period and the frequent
performance of partial gastrectomy in the
previous decades. When compared to
a matched control population, the risk of devel-
oping gastric stump carcinoma is increased 4–7
fold after a time interval of at least 20 years.

• Age
Most patients are above 60 years of age, and
generally around 70–80 years, since the aver-
age latency time after surgery is around 20–40
years.

• Sex
Men are four to nine times more frequently
affected by gastric stump carcinoma than
women. The reason for this could be the higher
frequency of ulcer disease and resections in
men, but until now, a definite explanation for
this phenomenon could not be found.

• Site
The gastric remnant and pouch are most at risk.
Most carcinomas are diagnosed in the distal
residual stomach and at the gastric stoma site.
Accompanying dysplasia is often observed
elsewhere in the residual pouch.
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• Treatment
Periodic screening by gastroscopy, initiating 15
years after partial gastrectomy, improves detec-
tion of tumors at a curable stage. The surgical
treatment for gastric stump carcinoma should
include complete resection of the carcinoma in
the gastric remnant with an en-bloc resection of
the prior gastroduodenal (Billroth-I) or
gastrojejunal (Billroth-II) anastomosis. Another
important factor for an adequate treatment is
a radical lymph node dissection with regard to
the altered lymph drainage of the gastric stump
with particular attention to potential pathways
along the left gastric, splenic arteries and jejunal
mesentery. Roux and Y procedure is the
recommended reconstruction method particu-
larly for the patients with early gastric cancer
and long life expectancy, since it best keeps duo-
denal contents away from the remnant stomach.

• Outcome
Gastric stump carcinoma is often described as
a tumor with a poor prognosis since most
tumors are at presentation in advanced
stage. This leads to a low resection rate
(38–40%) because of extended lymph node
metastases and infiltration of adjacent organs.
The reported 5-year disease-specific overall
survival ranges from 7% to 20% in literature.

Macroscopy

At endoscopy, various changes can be encoun-
tered in the gastric stump including redness,
erosions, atrophy, and xanthelasmas that present
as white-yellow nodules or plaques of a few mil-
limeters. Gastric remnant cancer can present as an
obstructive ulcerative or polypoid tumor, or as
a diffuse carcinoma (Fig. 1).

Microscopy

Histological features that can be identified in
the gastric stump preceding carcinoma include
atrophy, foveolar hyperplasia, cystic dilation
of glands, intestinal metaplasia, dysplasia, and
adenoma (Figs. 2 and 3). The gastric stump is

Gastric Stump, Fig. 1 Opened macroscopic resection of
the anastomotic site, a brown, irregular tumor is present at
the transition from stomach to jejunum

Gastric Stump, Fig. 2 Gastric stump with features of
foveolar hyperplasia and mild chronic inflammation
(H&E, original magnification 200�)

Gastric Stump, Fig. 3 Gastric stump with intestinal
metaplasia, hyperchromasia of nuclei, and cystic dilation
of glands (H&E, original magnification 100�)
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most commonly associated with chronic gastritis
and atrophy of the gastric mucosa, while the
extent of intestinal metaplasia and the incidence
of H. Pylori infections are less compared with
usual gastric adenocarcinoma. It is thought that
a microenvironment is created by bile reflux that
is not suitable for H. pylori and this will eradicate
the microorganisms from the anastomosis after
surgery. The microscopy of the anastomosis will
therefore change from the chronic active H. pylori
gastritis picture into that of the typical reflux gas-
tritis. The most important features of reflux gas-
tritis are foveolar hyperplasia, congestion, paucity
of inflammatory infiltrate, reactive epithelial
change, and smooth muscle fiber proliferation.
In the long run, other microscopic features are
encountered in the operated stomach. Loss of
parietal cells with subsequent disappearance of
chief cells introduces an accelerated mucosal atro-
phy that is caused by vagotomy and the lack of the
hormone gastrin. The specialized glandular
mucosa is replaced by intestinal metaplasia and
pseudopyloric metaplasia. Atrophy of the gastric
mucosa may lead to vitamin B12 deficiency. At
the anastomotic site, the glands often become
cystically dilated, and sometimes these dilated
glands herniate through the muscularis mucosae.
This provides a nodular aspect to the anastomosis
and gives rise to a microscopic picture known as
gastritis cystica polyposa/profunda. Erosions may
occur as a result of compromised vasculature due
to the surgery, but in the case of persistent ulcer-
ation after surgery, Zollinger-Ellison-like syn-
drome or a retained antrum needs consideration;
high gastrin levels accompany these conditions.
The retained antrum is caused by resection that is
too limited and G-cell hyperplasia in the stretch of
antral mucosa left behind. Xanthelasmas, also
known as gastric xanthomas or gastric lipid
islands, are aggregates of foamy macrophages
filled with lipids that can be seen more often
after partial gastrectomy and need to be distin-
guished from signet ring cell carcinomas.

It has been hypothesized that depending on the
localization of the tumor in the gastric stump, one
of the following two pathogenetic mechanisms
are more responsible for the outcome. In the
region of the anastomosis, duodenogastric

reflux is responsible for the development of
premalignant lesions involving adenocystic
proliferation. This lesion expresses the
gastric phenotype and develops into diffuse type
carcinoma. In the body of the gastric stump, dys-
plasia may develop, which progressively loses its
gastric phenotype. As a result, intestinal type car-
cinoma develops. This process is especially pro-
moted by the denervation of the gastric stump.

Differential Diagnosis

– In the differential diagnosis of gastric stump,
carcinoma is a local recurrence or metastases in
the gastric stump after prior partial gastrectomy
for gastric cancer.

– Gastritis cystica polyposa is characterized by
the presence of entrapped glands into the
muscularis mucosa and submucosa, and can
mimic carcinoma. Gastritis cystica polyposa
generally will not penetrate into the deep
muscularis propria or serosa. Other features to
consider adenocarcinoma are presence of
nearby dysplasia, marked pleomorphism in
the glands, (intraluminal) necrosis, high prolif-
eration, and stromal desmoplasia.
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Gastric Xanthelasma
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Immunology of the University of Porto, Porto,
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Synonyms

Gastric xanthoma

Definition

Gastric xanthelasma is a sharply demarcated yel-
lowish accumulation of lipid-containing macro-
phages (xanthomatous cells) within the gastric
mucosa. They may develop in the setting of cho-
lestasis and hypercholesterolemia.

Clinical Features

• Prevalence
The reported prevalence of upper gastrointes-
tinal xanthelasma is 0.23%. Approximately
76% of the lesions are located in the stomach,
particularly in the antrum and the pyloric
region (70%).

• Age
The incidence increases with age, reaching the
highest values between 40 and 60 years of age.

• Sex
Xanthelasma seems to be more frequent in
women, though there are some discrepancies
in the literatures regarding gender predilection.

• Site
Most lesions localize in the antrum and the
pylorus.

• Treatment
The lesion itself does not cause symptoms and
does not need treatment. However, it is often
associated with duodenal reflux, chronic gas-
tritis, gastric surgery, or even cancer. The treat-
ment of the primary gastrointestinal disorders
may cure this disorder.

Macroscopy

The lesions have a circular-oval, yellowish-white
appearance, are between 0.5 and 10 mm in size,
and are multiple in 13–24% of the cases; 17% of
the patients have more than five lesions.

Microscopy

The lesions consist of collections of lipid-
containing macrophages (xanthomatous cells)
arranged in pavement-like patterns in the upper
lamina propria immediately beneath the surface
epithelium (Fig. 1). The xanthomatous cells con-
tain foamy, finely vacuolated cytoplasm and are
PAS negative.

Immunohistochemistry

The lesion stains with the macrophage marker
CD68 (KP1).

Differential Diagnosis

Signet ring cell carcinoma: signet ring cell
carcinoma can mimic the xanthoma lesion espe-
cially in its early stage. However, signet ring cells

Gastric Xanthelasma, Fig. 1 The lesions consist of col-
lections of xanthomatous cells, localized in the upper lam-
ina propria immediately beneath the surface epithelium
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contain more or less homogeneously stained
mucin vacuoles and hyperchromatic (sometimes
polymorphic) and eccentrically placed nuclei,
which are different from the foamy cytoplasm
and pyknotic, centrally placed nuclei of the
xanthomatous cells. The cytokeratins and PAS
staining are very useful in the differential diagno-
sis, which are positive in the carcinoma.

Granular cell tumor: the tumor cells contain
eosinophilic granular cytoplasm and are positive
for S100 protein staining and negative for CD68.
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Synonyms

Gastritis cystica profunda; Gastritis cystica super-
ficialis; Polypoid cystic gastritis; Stomal polypoid
hypertrophic gastritis

Definition

Gastritis cystica polyposa is defined as a polypoid
lesion or mass in the gastric wall, most often
around a gastroenterostomy site, containing elon-
gated gastric foveolae and cystically dilated
glands extending into the muscularis mucosa and
submucosa. In literature, similar findings are
described under several synonymic terms.

Gastritis cystica polyposa or profunda is the
most commonly used name for this disorder. The
lesion is better defined as “polyposa” when an
intraluminal polyp is present and “profunda”
when the bulk of the lesion is located in the wall
of the stomach.

Gastritis cystica polyposa is considered to be
a mucosal prolapsed condition caused by several
factors, such as chronic inflammation, ischemia,
presence of foreign material, and prior gastric
surgery. Previous partial gastrectomy can lead to
mucosal damage in the remnant stomach due to
bile reflux, chronic inflammation, and ischemia.
The lesion almost always occurs on the gastric
side of the anastomosis. The chronic inflammation
leads to a reactive proliferation with trauma-
induced entrapment of epithelium in deep por-
tions of the gastric wall. Direct surgical effects
with an interruption of the muscularis mucosaes
could also allow migration of epithelial elements
into the submucosa. Gastritis cystica polyposa has
been suggested to be a precancerous lesion,
because dysplasia or carcinoma is frequently
found in the superficial mucosa and the histolog-
ical features of gastritis cystica polyposa resemble
experimental stomal polyps preceding carcinoma
after partial gastrectomy in rats.

The first report of gastritis cystica polyposa by
Littler and Gleibermann in 1972 described
a patient with clinical symptoms of obstruction
caused by a cystic glandular mass at
a gastroenteric anastomosis. Since then, numer-
ous cases have been described of patients with
gastritis cystic polyposa previously undergoing
partial gastrectomy, especially for benign peptic
ulcer disease. There are also case reports describ-
ing gastritis cystica polyposis in patients without
previous gastric surgery. Some authors have
suggested that this condition could be better
termed “heterotopic submucosal cysts” or “muco-
sal prolapse.” The mechanism of the development
of gastritis cystica polyposa in the unoperated
stomach is unclear; probably, it is also caused by
chronic inflammation with weakening of the gas-
tric wall that allows gastric gland migration into
the submucosa. This lesion shares the same histo-
logical features of gastritis cystica polyposa and is
also associated with development of gastric
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cancer probably due to chronic (Helicobacter
pylori-associated) inflammation.

Clinical Features

• Incidence
The exact incidence of gastritis cystica poly-
posa is unknown. It is considered to be a rare
lesion and can develop 3–40 years after prior
gastric surgery.

• Age
Around or above 70 years of age.

• Sex
There seems to be predominance in men.

• Site
The lesions presents near gastroenterostomy
stomal sites and can develop several years
after gastroenterostomies (Billroth I and II sur-
geries) for benign peptic ulcer disease or
adenocarcinoma.

• Treatment
To exclude adenoma or adenocarcinoma, the
lesion has to be removed. However, follow-up
with endoscopy and biopsies for dysplasia and
cancer surveillance is also a possible strategy.

• Outcome
Gastritis cystica polyposamay result in substan-
tial gastric bleeding, warranting acute surgical
exploration. It has been associated with dyspla-
sia and gastric stump carcinoma. However, it is
still unclear whether gastritis cystica polyposa is
a precancerous condition or just a combined
phenomenon in the background of carcinogenic
circumstances such as mucosal damage due to
chronic atrophic gastritis.

Macroscopy

Gastritis cystica polyposa presents on CT scan as
an exophytic or endophytic mass with cystic com-
ponents around the stomal site. Grossly and endo-
scopically, single or multiple, soft, sessile 1–3-cm
polypoid lesions are located around gastric anas-
tomotic sites. These polyps can measure up to
10 cm in diameter and present as a confluent cir-
cumferential mass. The overlying mucosa is

sometimes red, and often associated with enlarged
rugal folds. A thickened gastric wall with numer-
ous cystic glands is seen in cut sections.

Microscopy

Histologically, the most obvious feature is the pres-
ence of entrapped glands into disorganized strands
of muscularis mucosa and submucosa (Figs. 1 and
2). The glands resemble pyloric glands and are
lined by cuboidal to columnar, mucin-containing
epithelium. Sometimes the glands contain parietal
cells. They are often irregularly and cystically
dilated and surrounded by lamina propria-like
stroma. In the stroma, there is edema with chronic
inflammation, fibrosis and scarring with thickened
and splayed muscle bundles. The background gas-
tric mucosa shows enlarged foveolae and an atro-
phic appearance with reactive changes,
hyperplasia, and mucin depletion. There is often
chronic active inflammatory infiltrate with

Gastritis Cystica Polyposa/Profunda, Fig. 1 Gastritis
cystica profunda characterized by cystically dilated glands
extending through the muscularis mucosa into the submu-
cosa. The overlying mucosa shows features of gastric
stump with enlarged foveolae, reactive changes, hyperpla-
sia, and chronic active inflammatory infiltrate
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mononuclear cells and neutrophils and sometimes
presence of Helicobacter pylori.

Dysplasia and carcinoma may develop in or
near the herniated glands. But it is sometimes
difficult to distinguish the cystically entrapped
glands from invasive adenocarcinoma. Since
patients with gastric stumps are at increased risk
for developing both gastric carcinoma and gastri-
tis cystica polyposa, this differentiation is impor-
tant. Features to consider adenocarcinoma are
presence of nearby dysplasia, marked pleomor-
phism in the glands, (intraluminal) necrosis, high
proliferation, and stromal desmoplasia. Gastritis
cystica polyposa generally will not penetrate into
the deep muscularis propria or serosa. Gastric
cancer in patients with gastritis cystica polyposa
develops more often in older age and men. In
these cancers, there is a possible association with
Epstein Barr virus infection.

Differential Diagnosis

– Stump carcinoma: the presence of cystically
dilated and irregular glands deep in the
submucosa and muscularis propria can be
mistaken for invasive adenocarcinoma.Histolog-
ical features to differentiate are described above.

– Grossly, the polypoid lesion can resemble an
adenoma or hyperplastic polyp.
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Synonyms

EGJ; Esophagogastric junction; GEJ;
Oesophagogastric junction; OGJ

Definition

The gastroesophageal junction (GEJ) is the point
where the esophageal mucosa interfaces with the
gastric mucosa. It has been defined anatomically,
physiologically, radiologically, endoscopically,
and histologically. Nevertheless, to date, there is
no universally accepted definition of the GEJ,
even though one is needed in order to diagnose
Barrett esophagus appropriately. Physiologically,
the GEJ corresponds to the lower esophageal
sphincter (area of high pressure). In a healthy
individual, it ideally will correspond to the

Gastritis Cystica Polyposa/Profunda, Fig. 2 High
power shows dilated glands, between smooth muscle bun-
dles, lined by cuboidal to columnar, mucin-containing
epithelium without cytonuclear atypia, pleomorphism, or
high mitotic activity
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endoscopic GEJ and the microscopic
squamocolumnar junction (SCJ).

Macroscopy

Anatomically, in resection specimens and autopsy
studies, the GEJ is defined as the line between the
angles of the opened esophagus and the greater
curvature of the stomach. Endoscopically, in most
Western countries, the GEJ is defined as “the upper
limit of the gastric longitudinal mucosal folds.” In
Japan, the GEJ is defined instead as “the lower limit
of the palisade longitudinal vessels.” Thus, follow-
ing the Japanese approach, the detection of palisad-
ing vessels seen through salmon pink epithelium is
diagnostic of Barrett esophagus.

However, both methods are fraught with limi-
tations. The Japanese method is suboptimal in the
setting of gastroesophageal reflux, which leads to
mucosal cloudiness and redness limiting the
detection of the palisading vessels. The use of
the proximal end of the gastric folds as
a defining criterion is also limited. The folds can
be flattened artificially with overinflation of the
stomach during endoscopy and changed during
respiration, thus reducing their detection. This
endoscopic landmark is also altered when
a hiatal hernia has developed.

Microscopy

Histologically, the SCJ can be defined as the most
distal end of the squamous epithelium and deep

esophageal glands and ducts. Large veins exceed-
ing 100 mm in diameter (corresponding to palisad-
ing vessels) are also observed in the lamina
propria. In a healthy person, the histologic SCJ
should correspond to the endoscopic GEJ. How-
ever, it has been seen that the endoscopic and
histologic landmarks often do not correspond.
This hiatus has been reported differently in
Asian and Caucasian patients in two autopsy stud-
ies. In a series of 21 cases, Bombeck et al. reported
a distance ranging from 5 to 21 mm (mean 11mm)
between the SCJ and the endoscopic GEJ,
whereas in a Japanese series of 50 cases, this
distance ranged from 0 to 10 mm. In pathologic
states such as in patients with hiatal hernia or
Barrett esophagus, the SCJ is displaced even fur-
ther upwards from the GEJ.

The Z line, i.e., the line between the esophagus
and stomach mucosa, is irregular. Three histologic
junctional patterns have been reported: (1) an
abrupt transition between the two mucosae;
(2) a band of squamous epithelium overlapping
the gastric cardiac glands that continuously
extend into the distal esophagus, forming superfi-
cial esophageal cardiac glands (seen in most Jap-
anese patients); and (3) an upward displacement
of the SCJ proximally away from the GEJ, with
the distance between the SCJ and the GEJ defin-
ing the length of the Barrett esophagus.

The histology of the most proximal segment of
the stomach (the cardia) comprises either true
gastric cardia (composed of compact mucin-
secreting glands and short pit regions) or
oxyntocardiac mucosa (composed of mixed
mucous/oxyntic glands) (Fig. 1). In endoscopic

Gastroesophageal Junction, Fig. 1 Gastroesophageal
junction (GE junction): an abrupt transition is seen at this
GE junction, where the nonkeratinizing stratified

squamous mucosa of the esophagus changes to gastric
mucosa with foveolar epithelium on the surface and
oxyntocardiac glands in the lamina propria
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biopsies taken from the SCJ of patients with
suspected Barrett esophagus, the origin of
a biopsy from the esophagus and not from the
gastric cardia, with or without intestinal metapla-
sia, can be determined if the following histologic
findings are detected: squamous islands, deep
esophageal (cardial) glands and ducts, and multi-
layered epithelium (a stratified epithelium com-
posed of basal squamoid cells and superficial
mucin-secreting columnar cells). It usually
develops at the ostium of the esophageal ducts
and is considered to be a version of specialized
columnar epithelium. Other histologic features
more commonly associated with Barrett esopha-
gus are architectural disarray, mucosal atrophy,
and hybrid glands with intestinal metaplasia
occurring only in the superficial portion of
a mucous gland (Table 1).
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Synonyms

GERD

Definition

Gastroesophageal reflux disease (GERD) includes
chronic symptoms or mucosal damage caused by
the abnormal reflux of gastric contents into the
esophagus. Montreal consensus defined GERD as
“a condition which develops when the reflux of
stomach contents causes troublesome symptoms
and/or complications.”

Reflux esophagitis refers to a subset of GERD
that has endoscopic or histological changes in the
esophageal mucosa. Nonerosive reflux disease

Gastroesophageal Junction, Table 1 Histologic char-
acteristics of Barrett esophagus and gastric cardia with
intestinal metaplasia

Histologic feature BE
Carditis with
IM

Squamous epithelium
overlying crypts with IM

++ �

Crypt disarray +++ ++

Crypt atrophy ++ +

Incomplete IM ++++ ++

Diffuse IM ++ +

Hybrid glands + �
Multilayered epithelium ++ +

Esophageal glands/ducts + �
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(NERD) refers to a clinical condition that evolves
with typical GERD symptoms but with normal
upper endoscopic features. Barrett’s esophagus
(BE) is a complication of chronic GERD and is
defined as an endoscopic alteration on the distal
esophagus that shows intestinal metaplasia or
columnar metaplasia at the biopsies, according to
the American or British definition, respectively.

Clinical presentations of GERD vary consider-
ably but can be logically grouped into three catego-
ries: typical symptoms, atypical symptoms, and
complications that comprise the spectrum of
GERD. Heartburn and regurgitation are typical
symptoms, which are characteristically worsened
after eating, by bending or stooping and by lying
down in the bed at night. Atypical symptoms
include angina-like chest pain, chronic hoarseness,
nonallergic asthma, chronic cough, and protracted
hiccups. Avariety of other atypical symptoms have
been suggested: globus sensation, erosion of dental
enamel, and ear pain. GERD can also present with
the complications of reflux, such as erosive or
ulcerative esophagitis, peptic stricture, and BE.

The major mechanism of reflux in normal sub-
jects and patients with GERD is spontaneous tran-
sient relaxation of lower esophageal sphincter
(Fig. 1).

Clinical Features

• Incidence
Population-based studies suggest that GERD is
a common condition with a prevalence of
10–20% in Western Europe and South
America, with a low prevalence in Asia and
rare in Africa.

• Age
Community-based studies suggest that the
prevalence of reflux symptoms is much the
same in adults of all ages, but the proportion
of individuals who seek medical help for the
symptoms increases with age.

• Sex
GERD is equally prevalent in men and women;
however, there is male predominance for

Gastroesophageal Reflux Disease (GERD), Fig. 1
Esophageal high-resolution manometry tracing. A sponta-
neous, transient lower esophageal sphincter relaxation
(TLERS). The onset of TLERS is indicated by vertical
arrow. Relaxation occurs in the absence of a swallow as
manifested by the absence of pharyngeal pressure wave.

The LES relaxation is complete to the level of intragastric
pressure (Neurogastroenterology and Gastrointestinal
Motility Laboratory, CEDE – Faculty of Medical
Sciences, New University of Lisbon, Portugal). UES
upper esophageal sphincter, LES lower esophageal sphinc-
ter, TLERS transient lower sphincter relaxation
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esophagitis (2–3:1) and BE (10:1). Pregnancy
is associated with the highest incidence of
GERD, with 48–79% of pregnant women
complaining of heartburn.

• Site
The effects of GERD are not limited to the
esophagus, and esophagitis is the sine qua
non of GERD. Erosions or ulcerations of the
mucosa visualized through the endoscope are
indications of reflux injury but may be subtle or
absent, and it is clinically important, because
many patients with GERD do not have esoph-
agitis. The severity of reflux esophagitis is
actually normally characterized by the Los
Angeles classification: grade A, one or more
mucosal breaks <5 mm and not contiguous
with adjacent mucosal fold tops; grade B, one
or more mucosal breaks >5 mm and not con-
tiguous with adjacent mucosal fold tops; grade
C, mucosal breaks contiguous between tops of
two or more folds but involving <75% of
esophageal circumference; and grade D, muco-
sal breaks contiguous between tops of two or
more folds but involving >75% of esophageal
circumference.

Other sites could be affected by gastro-
esophageal reflux, such as the larynx, pharynx,
lungs, teeth, and ears. The epithelium of the
larynx is thin and is not adapted to accommo-
dating injury from acid and pepsin. Potential
laryngopharyngeal signs associated with gas-
troesophageal laryngitis include edema and
hyperemia of larynx, hyperemia and lymphoid
hyperplasia of posterior pharynx, contact
ulcers, laryngeal polyps, granuloma,
interarytenoid changes, subglottic stenosis,
posterior glottic stenosis, Reinke’s edema,
and tumors. Pharyngitis, sinusitis, recurrent
otitis media, and idiopathic pulmonary fibrosis
were proposed as clinical conditions associated
to GERD.

• Treatment
The goals of any GERD therapy are to control
symptoms, heal the esophageal mucosa, and
prevent GERD-related complications. The
management of GERD follows a hierarchy
that advances through lifestyle modifications,

the pharmacologic armamentarium (antacids,
a mucosal protectant, a prokinetic agent,
H2-receptor antagonist (H2RAs), and proton
pump inhibitors (PPIs)), and surgery. Lifestyle
modifications include head-of-bed elevation
on 4–6” blocks, avoidance of tight-fitting
garments, weight loss in obese subjects,
cessation of cigarette smoking, reduction of
size of meals, reduction of foods which are
known to reduce basal LES tone (fatty foods,
chocolate, alcohol, coffee), drinking fluids
between meals rather than at meals, and
avoiding eating within 2–3 h of reclining.

For pharmacotherapy, the longer the control
of intragastric acidity, the better the response.
Antacids temporarily neutralize gastric con-
tents and briefly improve reflux symptoms.
Antacids should be used exclusively for symp-
tom relief and rarely, if ever, are sufficient to
adequately treat a patient with other than occa-
sional heartburn. Sucralfate is a mucosal pro-
tective agent that bonds with inflamed tissue,
perhaps protecting the esophageal mucosa by
blocking diffusion of gastric acid and pepsin
across the mucosal barrier. This compound has
a minimal impact in actual medical therapy;
there is value in special populations such as
pregnant women. Prokinetic agents (metoclo-
pramide, domperidone) should be used only
in patients with gastroparesis and GERD
symptoms refractory to antisecretory therapy,
and stop if the patient has side effects.
Antisecretory therapies in the form of H2-
receptor antagonist (cimetidine, ranitidine,
famotidine, nizatidine) or PPIs (omeprazole,
lansoprazole, rabeprazole, pantoprazole,
esomeprazole, OME-IR, dexlansoprazole) are
the most commonly employed medications for
GERD management. Treatment benefits for
these agents are directly related to the duration
of acid suppression over a 24-h period.
Consequently a greater decrease in the degree
of esophagitis healing is seen with PPIs that
have more sustained periods of acid suppres-
sion than with most H2RAs regimens. Most
patients responding to antisecretory therapy
will require long-term management, as
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antisecretory medications do nothing to treat
the underlying pathogenesis of GERD. The
epithelium may heal, providing a delay before
sufficient esophageal epithelial damage and
symptoms recur.

Medical therapy of GERD is effective for
symptom relief and mucosal healing, as well
as long maintenance of remission. However,
the need for continued daily administration,
occasionally failure to provide complete
symptom relief, and the possible side effects
may limit its use in some patients who may be
candidates for alternative treatment strategies.
Antireflux surgery is an alternative to
long-term medical therapy for GERD. The
laparoscopy approach has been demonstrated
to reduce perioperative and postoperative
morbidity compared to the open surgical
approach. The efficacy of surgery seems to
decrease over time, with up to half of patients
requiring medication to control recurrent
reflux symptoms 10 years following surgery.
Several endoscopic techniques for GERD are
available, but endoscopic antireflux therapy is
still in evolution.

• Outcome
The currently available natural course studies
suggest that lack of progression is more
common than progression along the spectrum
for GERD patients. GERD can present with the
complications bleeding, peptic stricture, and
BE. GERD is responsible for less than 10% of
acute gastrointestinal bleeding. Strictures from
GERD result from fibrosis in the area of chronic
inflammatory change. The incidence of peptic
strictures appears to be stable or even decreasing
in recent years despite an increase in the preva-
lence of GERD, probably as result of the wide-
spread use of PPIs which minimize esophageal
injury. They occur more frequently in older,
white males, who demonstrated GERD
symptoms longer. The incidence of BE has
increased in the last decades. It is estimated
that it is observed in approximately 5–15% of
patients undergoing endoscopy for symptoms
of GERD. A variety of risk factors have been
identified for the presence of BE, including

frequent and long-standing reflux disease,
smoking, male, age, and central obesity.

Macroscopy

Recurrent gastroesophageal reflux can damage
the mucosa, resulting in inflammation, hence the
term “reflux esophagitis.” Findings of GERD
include erosive esophagitis, strictures, and colum-
nar lined esophagus. Upper endoscopy can grade
the severity of esophagitis and also determine the
presence or absence of Barrett’s epithelium. The
severity of reflux esophagitis is characterized by
the grading systems Los Angeles classification
and Savary–Miller classification.

Microscopy

In reaction to gastroesophageal reflux injury, the
squamous esophageal lining develops basal cell
hyperplasia and elongation of the papillae with
concomitant epithelial permeation by inflamma-
tory cells, namely, by eosinophils, and with or
without erosive changes. These morphological
alterations suggest the existence of a successive
degenerative/regenerative process and are not
restrict to peptic damage. Actually the esopha-
geal mucosa has a limited range of morphologi-
cal reaction to injury, and so the histological
aspects of different etiologic entities are often
overlapping. For the interpretation of the
histological picture, the pathologist relies on the
clinical information of GERD and on the
endoscopic description of the macroscopic
features which have to be correlated with the
microscopic findings in order to achieve
a correct diagnosis. As all along the gastrointes-
tinal tract mucosa, the diagnosis on endoscopic
biopsy samples is a clinicopathologic exercise in
which the pathologist is responsible for the inter-
pretation of the histological features on the set-
ting of the macroscopic findings observed by the
endoscopist.

Chronic GERD may lead to the development
of BE, a complication of long-standing GERD

Gastroesophageal Reflux Disease (GERD) 293

G



which has characteristic endoscopic and morpho-
logical features (▶Barrett’s Esophagus).

Immunophenotype

Not applicable.

Molecular Features

Not applicable.

Differential Diagnosis

GERD must be distinguished from symptoms
related to other disorders including infectious
esophagitis, eosinophilic esophagitis, pill esopha-
gitis, peptic ulcer disease, dyspepsia, biliary
disease, esophageal motor disease, and coronary

artery disease. The differential diagnosis of
GERD in patients with atypical symptoms can
be difficult and often will be performed in
conjunction with the otolaryngologist, allergist,
pulmonologist, or cardiologist. Patients whose
gastrointestinal symptoms are accompanied
by unexplained chest pain should have
a cardiovascular evaluation, because it is impor-
tant that coronary artery disease be given early
consideration because of its potential lethal impli-
cations. The differential diagnosis can be
addressed by PPI trial, upper endoscopy, laryn-
goscopy, abdominal ultrasonography, and ambu-
latory monitoring (ambulatory intraesophageal
pH monitoring and impedance monitoring).

Ambulatory intraesophageal pH monitoring
can detect and quantify gastroesophageal reflux
and correlate symptoms temporally with reflux
(Fig. 2). The two types of equipment are pH
probe of monocrystal line catheters with
antimony electrodes and Bravo wireless system.

Gastroesophageal Reflux
Disease (GERD),
Fig. 2 pH monitoring can
be used to evaluate the
temporal sequence
between acid reflux episode
and symptoms. Example of
24-h ambulatory
esophageal single probe pH
tracing in a patient with an
acid reflux period followed
by chest pain
(Neurogastroenterology
and Gastrointestinal
Motility Laboratory,
CEDE – Faculty of Medical
Sciences, New University
of Lisbon, Portugal).
pH ambulatory
intraesophageal pH
monitoring; C chest pain,
S supine position
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The pH probe with one to two sensors is inserted
into the esophagus via the nares, and a distal elec-
trode is positioned 5 cm above the proximal bor-
der of the LES, normally using esophageal
manometry, and 15 cm apart to detect pH at prox-
imal esophagus. The pH electrodes are connected
to a portable digital data recorder worn around the
waist, which stores pH data samples every 4 s for
up to 24 h. Patients are required to keep a diary of
symptoms, mealtimes, time of lying down for
sleep, and time of rising in the morning. They
are instructed to perform normal daily activities
and consume their usual diet without restrictions.
Patients return on the following day to have the
probes removed and diaries reviewed. Bravo pH
is a wireless ambulatory pH monitoring system
which employs a small pH capsule that transmits
pH data to the receiver via radiotelemetry signals.
The pH capsule is positioned 6 cm above the
gastroesophageal junction (GEJ) with a special
delivery system. The pH monitoring is performed
over 24–48 h. The capsule is designed to drop off
from the esophageal wall and pass through the
GI tract.

Impedance monitoring (multichannel intra-
luminal impedance – MII) uses ring electrodes

mounted along a catheter to detect the type (liquid,
gas, or liquid–gas combination) and direction of
bolus movement in the esophagus by measuring
changes in intraluminal electric resistance. Com-
bined MII and pH monitoring (MII-pH) can char-
acterize reflux events such as liquid, gas, or mixed
(liquid and gas), and acid, weak acid, acid re-reflux,
or nonacid permits differentiation of the reflux as
either acid or nonacid. MII-pH is useful for the
evaluation of typical and atypical gastroesophageal
reflux (Fig. 3), or symptoms refractory to aggres-
sive acid-suppression therapy, and in elucidating
the role of nonacid reflux in continued reflux
symptoms (Fig. 4). Combined MII-pH catheter is
a thin flexible 2.1 mm polyvinyl catheter similar to
a standard pH catheter. On this catheter there are six
impedance-measuring segments (four distal and
two proximal) and one or two pH sensors. It is
placed transnasally into the esophagus and posi-
tioned so that the distal esophageal pH sensor is
5 cm above LES. The impedance-measuring seg-
ments are located on the catheter so that when
properly placed in the esophagus, impedance is
measured at 3, 5, 7, 9, 15, and 17 cm above lower
esophageal sphincter (LES). The MII-pH test is
performed similar to 24-h ambulatory pH

Gastroesophageal Reflux Disease (GERD), Fig. 3
Combined impedance-pH monitoring can be used to eval-
uate the temporal sequence between an acid reflux episode
and symptoms. Example of reflux episode followed by

cough (Neurogastroenterology and Gastrointestinal Motil-
ity Laboratory, CEDE – Faculty of Medical Sciences, New
University of Lisbon, Portugal). Z 1–6 multichannel
intraluminal impedance
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monitoring. During the monitoring period, the
patients are instructed to perform normal daily
activities, eat normally, and keep a diary of symp-
toms, mealtimes, time of lying down for sleep, time
of rising in the morning, and time of acid-
suppression medication. The patients return the
following day to have their probe removed and
diaries reviewed. The MII-pH data are down-
loaded, and the numbers, type, and distal and
proximal reflux events are analyzed and attempt
to correlate symptoms with reflux events, using
a dedicated computer program.
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Synonyms

Gastrointestinal pacemaker cell tumor (GIPACT);
Gastrointestinal stromal tumor (GIST);
Plexosarcoma

Gastroesophageal Reflux Disease (GERD), Fig. 4
Combined impedance-pH monitoring can be used to eval-
uate the temporal sequence between a nonacid reflux epi-
sode and symptoms. Example of impedance tracing
showing a nonacid reflux episode followed by cough

(Neurogastroenterology and Gastrointestinal Motility Lab-
oratory, CEDE – Faculty of Medical Sciences, New Uni-
versity of Lisbon, Portugal). Z 1–6 multichannel
intraluminal impedance

296 Gastrointestinal Autonomic Nerve Tumor



Definition

Gastrointestinal autonomic nerve tumor (GANT)
is considered a variant of the phenotypic spectrum
of GISTs (Miettinnen et al. 2010) displaying ultra-
structural features of autonomic nervous system
(enteric plexus) differentiation (Veloso et al.
2005) (e.g., neuritic processes, sparse synapses,
and neurosecretory-type granules). Clinicopatho-
logical, histological, immunohistochemical, and
molecular features of gastrointestinal autonomic
nerve tumor indicate that they are similar to
GIST (Lee et al. 2001). The small series of
reported cases of this variant of GIST preclude
validation of any specific implication regarding
treatment, outcome, and management of patients
with gastrointestinal autonomic nerve tumor
diagnosis.

Clinical Features

• Incidence
See ▶C-Kit (CD117), Gastrointestinal Stro-
mal Tumors (GISTs)

• Age
See ▶C-Kit (CD117), Gastrointestinal Stro-
mal Tumors (GISTs)

• Sex
See ▶C-Kit (CD117), Gastrointestinal Stro-
mal Tumors (GISTs)

• Site
See ▶C-Kit (CD117), Gastrointestinal Stro-
mal Tumors (GISTs)

• Treatment
See ▶C-Kit (CD117), Gastrointestinal Stro-
mal Tumors (GISTs)

• Outcome
See ▶C-Kit (CD117), Gastrointestinal Stro-
mal Tumors (GISTs)

Macroscopy

See ▶C-Kit (CD117), Gastrointestinal Stromal
Tumors (GISTs)

Microscopy

See ▶C-Kit (CD117), Gastrointestinal Stromal
Tumors (GISTs)

Immunophenotype

See ▶C-Kit (CD117), Gastrointestinal Stromal
Tumors (GISTs)

Molecular Features

See ▶C-Kit (CD117), Gastrointestinal Stromal
Tumors (GISTs)

Differential Diagnosis

See ▶C-Kit (CD117), Gastrointestinal Stromal
Tumors (GISTs)
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Synonyms

GIST is the English acronym for Gastro Intestinal
Stromal Tumor
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Definition

It is a mesenchymal tumor, generally with immu-
nohistochemistry expression of CD117-cluster of
differentiation molecule 117/KIT (kinase-tyrosine
receptor of stem cell factor), driven frequently by
KIT or PDGFA (platelet-derived growth factor
alpha) activation mutations, that occurs along the
gastrointestinal tract, rarely extra-gastrointestinal
tract (E-GIST), and displays a spectrum of benign
to malignant clinical behavior.

Clinical Features

• Incidence
Annual incidence of GISTs is 11–19.6/million
population (Corless et al. 2011).

• Age
GISTs occur typically in middle age to old
adults (median age: �60–65 years), and rarely
in childhood and young adults (Miettinnen
et al. 2010).

• Sex
No distinct differences in incidence by gender,
probably slightly more common in males.

• Site
GISTs occur most commonly in the stomach
(60%), jejunum and ileum (30%), duodenum
(5%), colon rectum (<5%), and rarely in other
gastrointestinal tract or extra-gastrointestinal
tract sites.

• Treatment
Safe complete macroscopically surgical resec-
tion, including laparoscopic excision, aiming
negative surgical margins (R0) (Gouveia et al.
2008), remains the treatment option with cura-
tive intent for primary localized GISTs. Tyro-
sine kinase inhibitor (TKI) imatinib mesylate
[a small-molecule ATP – adenosine triphos-
phate analogue which inhibits both KIT and
PDGFRA (platelet-derived growth factor
receptor alpha)] is useful in the neoadjuvant
setting to allow surgical resection of locally
advanced GISTs. Adjuvant imatinib is useful
in the control of tumor (free/overall) survival
of higher risk tumors and ruptured tumors as
well as in the (tumor progression/overall)

survival of metastatic or unresectable GISTs.
The tyrosine kinase inhibitor sunitinib malate
[a small-molecule ATP analogue which
inhibits KIT, PDGFRs, RET (glial cell-line
derived neurotropic factor receptor rearranged
during transfection), CSF-1R (colony-
stimulating factor-1 receptor), and flt3 (fetal
liver tyrosine kinase 3)] is useful in patients
with intolerance to imatinib and GISTs with
primary (10%) and secondary (up to 67%
with primary KIT mutation, but none in wild-
type tumors) resistance after initial response to
imatinib. Considerable heterogeneity in sec-
ondary resistance to imatinib within an indi-
vidual tumor and multiple metastatic tumors in
the same patient affects efficacy of salvage
tyrosine kinase inhibitor therapy and requires,
namely, alternative targets of signaling cellular
metabolic effectors and of tumor stem cells.
New therapies, including tyrosine kinase
inhibitors, HSP90 (heat shock protein 90)
inhibitors, and monoclonal antibodies, are
being tested for the treatment of GISTs
(Corless et al. 2011).

• Outcome
Five-year survival rates after resection of pri-
mary GISTs varies widely (32–76%) probably
due to different clinicopathological features
and management procedures (Gouveia et al.
2008). Recurrences (intra-abdominal: liver
metastases, peritoneal sarcomatosis – splenic
and hepatic capsules, or both; rarely to lymph
nodes, lungs, bones of axial skeleton, and,
preferentially to abdominal soft tissues) may
occur during the first 2 years of follow-up.
Location in gastrointestinal tract, tumor size,
and mitotic rate (per 50 high power fields:
5 mm2) are parameters included in the risk
classification systems (National Health Insti-
tute, Armed Forces Institute, and Tumor
Node Metastasis – TNM) that are useful to
define (absent/very low, low, intermediate/
moderate, and high) risk of (progression/meta-
static) GIST behavior (Miettinnen et al. 2010).
The mutational status [e.g., KIT/PDGFRA/
BRAF (v-raf murine sarcoma viral oncogene
homolog B)/SDH (succinate dehydrogenase)],
and the genetic and immunohistochemical
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features of GISTs may improve the accuracy of
prognosis evaluation and therapy management
of patients. Imatinib achieves control of dis-
ease in 70–85% of advanced KIT-positive
GISTs with median progression-free survival
of 20–24 months; median survival 5 years,
34% patients surviving >9 years (Corless
et al. 2011). The probability of primary resis-
tance (progression within 6 months) to
imatinib treatment for KIT exon 11, KIT
exon 9, and wild-type GISTs is 5%, 16%, and
23%, respectively (Heinrich et al. 2003).
PDGFRA D842V (activation loop)-mutant
GISTs are usually imatinib resistant. Gains on
chromosomes 8q, 3q, and 17q associate to
metastatic behavior. Malignant behavior of
GISTs associates with loss of RKIP (raf kinase
inhibitor protein) expression (Martinho et al.
2009), p27 (p27kip1) downregulation, over-
expression of cyclins A and H, CDKN2A
(cyclin-dependent kinase inhibitor 2 alpha)
inactivation, p53 (tumor suppressor gene pro-
tein 53) mutation, MDM2 (murine double
minute 2), andCCND1 (cyclin D1) gene ampli-
fication. Tumors <1 cm (micro-GISTs) are
usually benign incidental (up to 35% in gas-
trectomy for other reasons) tumors.

Macroscopy

The tumors are usually well circumscribed
uninodular (Fig. 1) or multinodular firm/fleshy,
gray-white, and may disclose mural, polypoid
intraluminal (occasionally ulcerated) or
pedunculated serosal growth in the tubular
gastrointestinal tract; cut surface may display cys-
tic, myxoid, necrotic, and hemorrhage areas.

Microscopy

GISTs encompass a broad morphologic
spectrum (Miettinnen et al. 2010) including
spindle (�70%) (Fig. 2), epithelioid (Fig. 3)
(�20–25%), and mixed (spindle and epithelioid)
cell tumors. Tumor cell pleomorphism is rare.
Histological patterns among spindle GISTs

include several types: sclerosing, with collage-
nous matrix and dystrophic calcification;
palisaded-vacuolated with nuclear palisading and
perinuclear vacuolization, and extracellular
skenoid fibers; hypercellular with high mitotic
rate; and sarcomatous with high mitotic rate,
nuclear atypia, and necrosis. Epithelioid types
include: sclerosing; hypercellular; pseudo-
papillary; paraganglioma- or carcinoid-like;
signet-ring change; microcystic (mucin pools)
change; discohesive; pleomorphic; and sarcoma-
tous. Myxoid and extensive hyaline change can
occur in both spindle and epithelioid GISTs.
Morphology after imatinib may disclose

Gastrointestinal Stromal Tumor, Fig. 1 Macroscopy
of submucosal gastric GIST

Gastrointestinal Stromal Tumor, Fig. 2 GIST with
spindle tumor cells
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paucicellular hyaline or myxoid areas, with
similar pretreatment tumor cell features, some-
times spindle to epithelioid change morphology,
epithelioid pseudopapillary change, and rarely
rhabdomyoblastic differentiation.

Immunophenotype

Immunohistochemical markers expressed in
GISTs include (Miettinnen et al. 2010): CD117/
KIT (95%) in the cytoplasm (Figs. 4 and 5a–c),
sometimes with dot-like paranuclear pattern,

being more focal and weaker in epithelioid cells
which more frequently display membrane
staining; CD34 – cluster of differentiation mole-
cule 34 (70%) that may vary by tumor location
and cell type; DOG1 -discovered on GIST-1
(90–95%) that may be useful in KIT-negative
tumors; smooth muscle actin-SMA (40%) focal
to diffuse; desmin rare and focal; h-caldesmon
(50–60%); S100 protein (5%); cytokeratins
(CK18 and CK 8) rarely. The diagnosis of KIT-
negative GISTs should include a panel of bio-
markers and molecular analyses, the microscopy,
and clinical/imaging features of the tumors.

Molecular Features

Most GISTs harbor molecular alterations (Corless
et al. 2011). The accuracy of diagnosis, prognosis,
and the therapy management of patients can
improve with the molecular analysis of tumors.
KIT somatic mutations (75–80%) occur in exon 11
(67%) (deletions, insertions, substitutions, dupli-
cations) that affect the juxtamembrane domain,
exon 9 (10%) extracellular domain, exon 17
(1%) activation loop, exon 13 (1%)
ATP – adenosine triphosphate-binding region,
and rarely exon 8; deletions of exon 11 associate
with shorter progression-free and overall survival;
mutations in exon 9 are more frequent in small
and large intestine tumors. PDGFRA somatic
mutations (5–8%) occur in exon 18 (6%) that
affect the activation loop, exon 12 (1%)
juxtamembrane domain, and exon 14 (<1%)
ATP-binding domain; mutations in exon 18 and
14 are more common in gastric tumors; most
common exon 18 D842V mutants are imatinib
resistant. GISTs without somatic mutations of
KIT and PDGFRA (12–15%) include cases with
somatic BRAF (�7–13%) mutated tumors; most
GISTs that occur in pediatric patients (�1%),
tumors in the Carney triad (�1%) (GIST, para-
ganglioma-PGL, and pulmonary chondroma) are,
so far, “wild-type” GISTs. Germline mutations
were reported in GIST kindreds harboring muta-
tions of KIT (exons 8, 11, 13 and 17), PDFRA
(exon 12 and 18), and of SDHA/SDHB/SDHC/

Gastrointestinal Stromal Tumor, Fig. 4 Low power
features of diffuse expression of CD117 in gastric submu-
cosa GIST

Gastrointestinal Stromal Tumor, Fig. 3 GIST with
epithelioid tumor cells
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SDHD (�2%) in Carney-Stratakis syndrome
(GISTs and PGLs). GISTs occur in �7% of neu-
rofibromatosis 1 (NF1), are usually multiple, and
located in the small intestine associated with
hyperplasia of interstitial cells of Cajal; <10%
GISTs in NF1 display KIT or PDGFRAmutations
(Miettinnen et al. 2006). Most GISTs (none of
pediatric-type) disclose either monosomy of chro-
mosome 14 or partial loss of 14q. Genomic sig-
natures may be useful for the risk evaluation/
management decision of GISTs.

Differential Diagnosis

GISTs are the most common malignant mesen-
chymal tumors of the gastrointestinal tract that

are considered to originate from interstitial cells
of Cajal progenitor/stem cells. Interstitial cells
of Cajal express KIT and DOG1. Several spindle
and epithelioid neoplasms that occur in gastroin-
testinal tract should be considered in the
differential diagnosis of GISTs. Leiomyoma
(common in esophagus and colon/rectum) and
leiomyosarcoma (rare, more common in colon/
rectum) usually display diffuse expression of
desmin and are KIT negative. Benign (rare
schwannoma occur in gastrointestinal tract, more
in stomach) and malignant nerve sheath tumors
usually express S100 protein but are KIT nega-
tive. Intra-abdominal fibromatosis (rare, mostly
extra gastrointestinal tract) and inflammatory
myofibroblastic tumors (childhood, in stomach,
intestines, and extra-gastrointestinal tract) express

Gastrointestinal Stromal Tumor, Fig. 5 (a–c) Diffuse expression of CD117 in GIST tumor cells

Gastrointestinal Stromal Tumor 301

G



b-catenin and ALK (anaplastic lymphoma
kinase), respectively, but are KIT negative.
Inflammatory fibroid polyp (more common in
stomach and small intestine) express CD34 but
are KIT negative. Tumors expressing KIT [e.g.,
metastatic melanoma and small cell carcinoma,
angiosarcoma, PNET (primitive neuroectodermal
tumor)/Ewing sarcoma as well as other tumors
(e.g., neuroendocrine neoplasms, glomus tumor,
clear cell sarcoma)] that are KIT negative may
simulate GISTs and should be ruled out with
clinical, immunohistochemistry, and eventually
molecular features.
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Gastroparesis

Andreia Albuquerque
Serviço de Gastrenterologia, Centro Hospitalar de
São João, Porto, Portugal

Synonyms

Delayed gastric emptying; Gastric stasis

Definition

Gastroparesis is a syndrome characterized by
delayed gastric emptying in the absence of
mechanical obstruction of the stomach. It is
traditionally associated with nausea, vomiting,
postprandial fullness, early satiety, bloating, and
abdominal pain.

The etiology is multifactorial and the most
common causes are diabetes, postsurgical status,
and idiopathic. Other causes include medication,
Parkinson’s disease, collagen vascular disorders,
thyroid dysfunction, liver disease, chronic renal
insufficiency, intestinal pseudo-obstruction, and
miscellaneous.

Gastroparesis may be due to abnormalities of
the fundus (post-vagotomy state, diabetes
mellitus, and functional dyspepsia), abnormalities
in antroduodenal contraction (low amplitude, fre-
quency, and decreased antral motor function or
dysfunction), pyloric dysfunction (idiopathic
hypertrophic stenosis and diabetes gastroparesis),
or abnormalities in small bowel motility. Diabetic
gastroparesis is believed to represent a form of
neuropathy involving the vagus nerve. Hypergly-
cemia itself can also cause antral hypomotility,
gastric dysrhythmias, and delayed gastric empty-
ing in some patients. Idiopathic gastroparesis is
present in many patients with functional dyspep-
sia and may in some cases occur after a viral
infection.

Symptoms of gastroparesis are often persistent,
but some patients experience episodic symptom
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flares that are separated by asymptomatic periods.
There are several complications associated with
gastroparesis, namely, deficiencies in vitamins A,
B6, C, and K, as well as iron, potassium, and zinc;
postprandial hypoglycemic reactions in diabetic
patients, and bezoar formation.

The diagnosis is based on the presence of appro-
priate symptoms/signs, delayed gastric emptying,
and the absence of an obstructing structural lesion
in the stomach or small intestine. Routine labora-
tory is useful to identify diseases that are associated
with gastroparesis, to rule out other disorders and to
assess the nutritional sate of the patient. Patients
should undergo an upper endoscopy or barium
meal, mainly to exclude mechanical obstruction
or mucosa disease as the cause. Gastric emptying
scintigraphy of a radiolabeled solid meal is the best
accepted method to test for diagnosis, the most
useful parameters are gastric retention >10% at
4 h and >70% at 2 h. In patients who have evi-
dence of gastric stasis by a scintigraphy study
without an identifiable cause, gastroduodenal
manometry can help differentiate myopathic from
neuropathic process. Breath testing can also be
performed and measure of gastric emptying using
the nonradioactive isotope 13C to label octanoate,
a medium-chain triglyceride, which can be bound
into a solid meal and gastric emptying, can be
indirectly determined. This test has been used pri-
marily for clinical research and pharmaceutical
studies.

Mild gastroparesis is thought to have a low
mortality rate, but patients with decompensated
gastroparesis are more likely to develop
complications and have related mortality.

Clinical Features

• Incidence
A study conducted to assess the incidence,
prevalence, and outcomes of patients with
gastroparesis in Olmsted County, Minnesota,
from 1996 to 2006, revealed that gastroparesis
is an uncommon condition in the community,
but is associated with a poor outcome.

The incidence of gastroparesis ranged from
6.3 to 17.2 cases per 100,000 person-years.
The true prevalence is unknown, it is estimated
to occur in 4% of the adult population, 20–40%
of patients with diabetes mellitus, primarily
those with long duration of type 1 diabetes
mellitus with other complications, and may
also be present in 25–40% of patients with
functional dyspepsia.

• Age
About 68% of patients are under 40 years of
age at the time of initial presentation, with
a mean age of 45 years.

• Sex
There is a female predominance of
gastroparesis, with a female: male ratio of 4:1.

Several studies showed that female gen-
der was associated with delayed gastric
emptying in both functional dyspepsia and
in patients with diabetes. There are several
theories than can explain this, namely,
a possible hormonal cause and female
patients seem to seek health care more fre-
quently than males.

• Site
The stomach is the organ involved.

• Treatment
Primary treatment of gastroparesis includes
dietary manipulation and administration of
antiemetic and prokinetic agents. Dietary rec-
ommendations include eating frequent smaller-
size meals and replacing solid food with liq-
uids, such as soups. Foods should be low in fat
and fiber content. Antiemetic agents are
administered for nausea and vomiting. The
principal classes of antiemetic drugs are anti-
dopaminergics, antihistamines, anticholiner-
gics, and, more recently, serotonin receptor
antagonists.

Patients refractory to the initial treatment
can be difficult to manage, treatment may
involve switching prokinetic and antiemetic
agents, combining prokinetic agents, injecting
botulinum toxin into the pylorus, using
gastrostomy/jejunostomy tubes, or implanting
a gastric electric stimulator.
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• Outcome
The natural history of gastroparesis is largely
unknown.

The study performed by Soykan et al.,
including 146 patients with gastroparesis seen
over 6 years, revealed that 74% required con-
tinuous prokinetic therapy, 22% were able to
stop prokinetics, 5% had undergone gastrec-
tomy, 6.2% went onto gastric electrical stimu-
lation (pacing), and 7% died. At some point,
21% had required nutrition support with
a feeding jejunostomy tube or periods of
parenteral nutrition. A good response to phar-
macological agents can be expected in the
viral and dyspeptic subgroups, Parkinson’s
disease, and the majority of diabetics, whereas
a poorer outcome to prokinetics can be
expected in postgastrectomy patients, those
with connective tissue disease, a subgroup of
diabetics, and the subset of idiopathic gastro-
paresis dominated by abdominal pain and
history of physical and sexual abuse. Appreci-
ation of the different etiologies and
psychological status of the patients may help
predict response to prokinetic therapy.

Community studies of the outcome of
gastroparesis are lacking, and studies
conducted in tertiary referral centers may not
reflect findings encountered in the general
population.

Macroscopy

Normally there are no macroscopic abnormalities
described in association with gastroparesis.

Microscopy

Pathologic assessment of gastric tissue in patients
with gastroparesis is limited.

Gastroparesis Clinical Research Consortium
(GpCRC) recently described the cellular changes
associated with diabetic (DG) and idiopathic (IG)
gastroparesis. Full-thickness gastric body
biopsies were obtained from 40 gastroparetics
(20 diabetic) and matched controls. In this study,

the majority of patients with gastroparesis (83%)
had defined gastric wall cellular abnormalities.
Hematoxylin and eosin staining was graded as
normal in all 20 patients with diabetic
gastroparesis and in 19 patients with idiopathic
gastroparesis. Smoothelin immunolabeling was
decreased in three patients with diabetic
gastroparesis and in six with idiopathic
gastroparesis. Presence of fibrosis as determined
by trichrome staining was present in one patient
with diabetic and two patients with idiopathic
gastroparesis. All other patients had normal tri-
chrome staining, including eight of the nine patients
with abnormal smoothelin immunolabeling.

Histologic examination of gastric tissues from
patients with severe gastroparesis reveals
heterogeneous and inconsistent defects in the
morphology of enteric neurons, smooth muscle
and interstitial cells of Cajal, and increased levels
of inflammatory cells.

Vagus nerves from patients with diabetes
exhibit variable levels of myelin degeneration.

Immunophenotype

Gastroparesis Clinical Research Consortium
(GpCRC) also showed that the most commonly
observed findings were loss of interstitial cells of
Cajal (ICC) and an immune infiltrate containing
macrophages, characterized by an increase in
CD45 and CD68 immunoreactivity in both DG
and IG. A 14–17% decrease in the number of
enteric nerve fibers as defined by Protein Gene
Product 9.5 (PGP9.5) immunoreactivity was also
seen. Less common were changes in nNOS,
vasoactive intestinal peptide (VIP), substance
P (SP), and tyrosine hydroxylase (TH).

Differential Diagnosis

1. Gastroparesis should be differentiated from
delayed gastric emptying due to mechanical
obstruction of the stomach. An upper
endoscopy should be performed to exclude
obstruction.
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2. Mucosal inflammation due to infection or acid-
peptic disease can exacerbate gastroparesis
symptoms.

3. Idiopathic gastroparesis may be difficult to dis-
tinguish from functional dyspepsia in some
cases. Presentation with predominant pain
and less nausea is considered to be more typi-
cal of functional dyspepsia, whereas dominant
nausea with minimal pain is more consistent
with idiopathic gastroparesis.

So, other conditions potentially causative of
symptoms, such as gastric outlet obstruction, pep-
tic ulcer disease, neoplasm, small bowel obstruc-
tion, or IBD, should be excluded by endoscopy or
contrast radiology prior to conferring a diagnosis
of gastroparesis.
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Gastropathy, Portal Hypertension

Andreia Albuquerque
Serviço de Gastrenterologia, Centro Hospitalar de
São João, Porto, Portugal

Synonyms

Congestive gastropathy; PHG; Portal hyperten-
sive gastropathy

Definition

In 1985, MacCormack was the first to describe the
condition “congestive gastropathy.” Actually, the
term “portal hypertensive gastropathy” (PHG) is
more frequently used and defines a wide spectrum
of diffuse macroscopic lesions that appear in the
gastric mucosa of patients with portal hyperten-
sion and therefore is commonly found in associa-
tion to cirrhosis, but can also be found in
non-cirrhotic causes of portal hypertension.

The pathogenesis is not well known but venous
congestion and increased gastric blood flow in the
upper stomach seems to be important factors for
its development. It does not seem to be related
with acid secretion or Helicobacter
pylori presence in the gastric mucosa. Portal
hypertension is a prerequisite for the development
of PHG and it is defined by an increase in portal
pressure gradient to a threshold above approxi-
mately 10 mmHg.

Typically, PHG displays a snake-skin mosaic
pattern (mild PHG) that can be accompanied with
flat or bulging red or brown spots (severe PHG).

Chronic anemia is the most common clinical
manifestation, although acute gastrointestinal
bleeding can occur. It is uncommon as an isolated
cause of significant upper gastrointestinal bleed-
ing in portal hypertension.

Clinical Features

• Incidence
There are major controversies concerning the
true incidence of PHG, ranging from 7% to
98% in the available studies. Primignani et al.
showed that PHG is relatively low (56%) in
patients with a new diagnosis of cirrhosis,
higher (75%) in a previous diagnosis of cirrho-
sis and no prior bleeding, and even higher
(91%) in patients with a previous variceal
bleeding with current or prior sclerotherapy.
The prevalence of PHG is correlated with the
duration of disease, severity of portal hyper-
tension, presence of esophagogastric varices,
and a previous history of endoscopic variceal
sclerotherapy. It has been suggested that
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variceal obliteration results in hyperdynamic
congestion, which gives rives to hypertensive
gastropathy.

• Age
PHG is common in middle-aged patients.

• Sex
PHG occurs mainly associated with cirrhotic
portal hypertension, so it is more common in
males, over 60% of patients with chronic liver
disease and cirrhosis are men.

• Site
Diagnosis is endoscopic withmucosal abnormal-
ities observed in the stomach; characteristically,
PHG is located mainly in the fundus. Similar
endoscopic lesions may be observed in other
areas of the gastrointestinal tract, findings
have been termed portal hypertensive duodeno-
pathy, portal hypertensive enteropathy, or portal
hypertensive colopathy, depending on the
location of the characteristic lesions.

• Treatment
The mainstay is based on portal-hypotensive
pharmacological treatment, more invasive
options should be reserved for refractory cases.

The most frequent setting is finding PHG on
a routine endoscopy performed to evaluate the
presence of varices. Normally, the patient is
asymptomatic with no evidence of chronic
bleeding; prophylaxis of bleeding from PHG
has not been evaluated in clinical studies and
recommendations for therapy are not available
yet.

In some cases, when patients present with
chronic anemia, treatment is based on portal
pressure reduction. The use of non-selective
beta-blockers, particularly propranolol, is
recommended in the chronic setting. Most
patients are started with propranolol at the ini-
tial dose of 20 mg twice a day (BID), although
some cases require a lower dose. The dose is
gradually escalated to a maximum of 160 mg
BID or the maximum tolerated dose, provided
heart rate is maintained around 50–55 bpm.
Secondary effects associated to beta-blockers,
such as light-headedness, fatigue, impotence,
may limit further increases in dosage. In
patients that requiring frequent transfusion,
portosystemic shunt therapies should be

considered, either surgical or through the place-
ment of transjugular intrahepatic portosystemic
shunt (TIPS).

Rarely, PHG can lead to acute gastrointes-
tinal hemorrhage, those patients should be ade-
quately resuscitated with blood transfusions to
maintain hemoglobin level between 7 and
8 g/dL, initiation of vasoconstrictor drug ther-
apy (terlipressin or somatostatin or analogues),
and prophylactic antibiotics. If refractory
bleeding occurs, rescue therapies are the same
as recommended in chronic bleeding.

Liver transplantation is indicated if the
patient has decompensated liver disease.

Thermal coagulation, injection therapy, H2-
blockers, sucralfate, and surgical resection are
ineffective for controlling diffuse bleeding or
for preventing rebleeding from extensive por-
tal hypertensive gastropathy.

• Outcome
Gastropathy can progress from mild to severe
and vice versa or even disappear completely.
Primignani et al. observed that during
follow-up, PHG was stable in 29% of patients,
deteriorated in 23%, improved in 23%, and
fluctuated with time in 25%. Bleeding from
PHG is uncommon and rarely severe. Acute
bleeding occurred in 2.5% of patients, chronic
bleeding in 10.8%, and bleeding-related
mortality was 12.5%. There are few data
concerning mortality rates of patients bleeding
from PHG in comparison with those bleeding
from esophageal or gastric varices.

Macroscopy

PHG includes several mucosal lesions which have
been classified as mild or severe. The most
accepted classification is from the New Italian
Endoscopic Club for the study and treatment of
esophageal varices (NIEC) and according to this
classification, the elementary lesions of PHG are:

1. Mosaic-like pattern, defined by the presence of
small polygonal areas surrounded by a whitish-
yellow depressed border (Fig. 1). The mosaic
is defined as mild when the areola is uniformly
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pink, moderate if the center is red, and severe if
the areola is uniformly red.

2. Red-point lesions, that are small, flat, <1 mm
in diameter (Fig. 2).

3. Cherry-red spots are red-colored, round lesions
>2 mm in diameter, and slightly protrude into
the lumen.

4. Black-brown spots are irregularly shaped flat
spots, black or brown, persistently present after
washing and cause intramucosal hemorrhage.

PHG is defined as mild when only mosaic-like
pattern of any degree is present and severe when
red-points, cherry-red, or black-brown spots are
present.

Mild lesions are highly prevalent (65–90%),
whereas severe lesions account for only 10–25%
of the cases.

Microscopy

PHG is characterized by marked dilatation of the
capillaries and collecting venules in the gastric
mucosa. In addition, submucosal veins appear
also with ectasia, irregular, and with areas of inti-
mal thickening. These vascular alterations are
present in the absence of any significant inflam-
matory cell infiltrate or erosion in the gastric
mucosa, making incorrect the previous classifica-
tion of these lesions as gastritis.

Routine endoscopic biopsies obtained by con-
ventional forceps are often unhelpful because of
the patchy nature of vessel dilatation. In contrast,
large snare biopsies can easily ascertain the pres-
ence of dilatated vessels, but this procedure is not
recommended for routine use. PHG seems not to
be related to the presence of Helicobacter pylori
in the gastric mucosa, the prevalence is similar in
the cirrhotic patients than in the general
population.

Differential Diagnosis

The most common differential diagnosis is with
gastric antral vascular ectasia (GAVE). Both can
cause acute or chronic bleeding in cirrhotic
patients, but they have many distinctive features.
GAVE is usually located in the antrum (Fig. 3) and
although associated with liver disease (40% of the
cases), it can also be observed in non-hepatic
chronic diseases such as autoimmune diseases
(autoimmune connective tissue disorders), bone

Gastropathy, Portal Hypertension, Fig. 1 Upper
endoscopy revealing a mosaic-like pattern in the gastric
fundus and proximal body suggesting mild portal hyper-
tensive gastropathy

Gastropathy, Portal Hypertension, Fig. 2 Upper
endoscopy revealing small, flat, red-point lesions in the
gastric fundus and body suggesting severe portal hyperten-
sive gastropathy
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marrow transplantation, and chronic renal failure.
GAVE is a less frequent condition, having been
reported in only 2% of patients awaiting liver
transplantation or 3% of patients with Hepatitis
C virus and advanced fibrosis. It describes
a vascular lesion of the gastric antrum that con-
sists of tortuous, dilated vessels radiating outward
from the pylorus-like spokes of a wheel and
resembling the dark stripes on the surface of
a watermelon. The typical histological appearance
of GAVE includes marked dilatation of capillaries
and collecting venules in the gastric mucosa and
submucosa with areas of intimal thickening char-
acterized by fibromuscular hyperplasia,
fibrohyalinosis, and thrombi. Vasodilation media-
tors such as gastrin and prostaglandin E2 have
been associated to the presence of GAVE.
Mechanical stress and abnormal antral motility
have also been associated to GAVE development.
Similar to PHG, GAVE will most frequently pre-
sent with chronic iron deficiency anemia due to
chronic gastrointestinal bleeding. Acute gastroin-
testinal bleeding can also occur. Endoscopic
treatment (argon-plasma coagulation) is the main-
stay of treatment of symptomatic lesions.
Although, PHG and GAVE have the same com-
mon clinical manifestations, they have distinct

pathophysiology, endoscopic appearance, and
therapeutic approach.
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Giardiasis

Arzu Ensari
Department of Pathology, Ankara University
Medical School, Sihhiye, Ankara, Turkey

Synonyms

Cercomonas intestinalis; Giardia duodenalis;
Giardia intestinalis; Giardia lamblia; Lamblia
intestinalis; Megastoma enterica

Definition

Giardiasis, caused by the intestinal parasite, Giar-
dia lamblia, is the leading GI protozoan disease
worldwide with an increase in summer and
autumn. Many countries, especially developing

Gastropathy, Portal Hypertension, Fig. 3 Upper
endoscopy revealing gastric antral vascular ectasia
(GAVE), in the antrum
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countries show a high prevalence of giardiasis.
Infection occurs by fecal-oral transmission, con-
taminated food and water, and person to person
transmission, particularly in homosexuals. It is
commonly observed in patients with selective
IgA deficiency and in HIV-infected patients. Diar-
rhea, abdominal pain, bloating, nausea and
vomiting, malabsorption, and weight loss are the
main presenting symptoms. Giardia can be
diagnosed by stool examination, examination of
duodenal aspirates or duodenal biopsies. The
taxonomy is giardiasis is complicated as there
are seven known species including G. duodenalis
which is divided into eight assemblages. They are
based on phylogenetic analysis of nucleotide
sequence of small-subunit rRNA and comprise
of A, B, C, D, E, F, G, and H. Molecular testing
using PCR can be used to accurately identify the
subtypes of Giardia.

Clinical Features

• Incidence
The exact incidence is unknown, but it is the
leading GI protozoal disease with a prevalence
of 2–7% worldwide, reaching up to 30% in
developing countries.

• Age
All age groups may be affected; in developed
countries, the most common age groups
affected are children aged 1–4 years and adults
aged 20–40 years.

• Sex
Infection occurs equally in both sexes.

• Site
Although G. lamblia has a preference for the
small intestines, colonization of the stomach
and colon has also been reported.

• Treatment
Anti-parasitic agents are used for the treat-
ment. However, sanitation measures need to
be taken to prevent outbreaks of giardiasis.
Drugs such as Albendazole, Metronidazole,
Nitazoxanide, Tand inidazole can be used for
treatment.

• Outcome
The infection may resolve spontaneously but
often persists for weeks or months.

Macroscopy

Endoscopic appearance is generally normal.

Microscopy

Giardia exists in two forms: the motile trophozoite
and the infective cyst. Following ingestion, the
cyst forms two trophozoites in the duodenum.
These are pear shaped with two nuclei, or
sickle-shaped in sagittal plane appearing faintly
basophilic on H&E sections. Trophozoites are
typically found in the lumen near the surface or
as attached to the surface of the enterocytes
(Figs. 1 and 2). Giardiasis is a typical example of
enteric infection which presents with normal or
near-normal mucosa, although more severe
change in the villous morphology resembling
celiac disease may rarely be seen. In children,
giardiasis can cause lymphoid hyperplasia in the
small intestinal mucosa. Duodenal mucosa may
either show no alterations despite the presence of
the organism, or IELosis with normal villus
morphology, or partial or complete villus atrophy

Giardiasis, Fig. 1 G. lamblia trophozoites in the lumen
and attached to the surface (H&E; �200)
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with increased IELs and lamina propria
inflammatory cells.

Immunophenotype

No specific immunphenotypic feature is reported.

Molecular Features

No specific molecular feature is reported.

Differential Diagnosis

The differential diagnosis of giardiasis involves
all other causes of malabsorption.
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Synonyms

Glomangioma; Glomangiomatosis; Glomangio-
myoma; Glomangiopericytoma; Glomangio-
sarcoma; Malignant glomus tumor; Symplastic
glomus tumor

Definition

Glomus tumors are mesenchymal neoplasm
comprising cells that resemble the modified
smooth muscle cells of the normal glomus body.
The glomus body is a specialized form of
arteriovenous anastomosis which is involved in
temperature regulation. There is a central coiled
canal known as Sucquet-Hoyer canal which is
lined by plump endothelial cells. This is
surrounded by longitudinal and circular muscle
fibers containing epithelial appearing glomus
cells.

Clinical Features

• Incidence
Glomus tumors are rare in the gastrointestinal
tract. The incidence of glomus tumor is esti-
mated to be 1% of that of gastrointestinal
tumors.

Giardiasis, Fig. 2 G. lamblia trophozoites with their
pear-shape and two nuclei (H&E; �400)
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• Age
The median age of gastrointestinal glomus
tumors is 48–55 years (range 19–90 years)
(Kang et al. 2012).

• Sex
Gastrointestinal glomus tumors predominate in
females (� 3:1) (Miettinnen et al. 2010).

• Site
Most gastrointestinal glomus tumors occur in
the stomach (it is the second commonest site
after the skin), occasionally in the esophagus,
the small intestine, and the colon (Miettinen
et al. 2002).

• Treatment
Preoperative diagnosis of gastric glomus tumor
is difficult. Safe treatment of gastrointestinal
glomus tumors consists of adequate excision
(e.g., wedge resection), depending on location,
aiming R0 surgical margins status. Enucleation
is not recommended for glomus tumors due to
the potential of high recurrence rates. Trauma-
tized or incompletely excised glomus tumor
may lead to intra- and postoperative hemor-
rhage. Since the overall number of cases
reported is small, there are not enough data to
support an active follow-up.

• Outcome
Most glomus tumors are benign; malignant
behavior, namely, due to liver metastasis,
lymph nodes and peritoneum, is rare and
unpredictable (Miettinen et al. 2002, 2010).
Features associated to malignant behavior of
glomus tumors in deep soft tissues include size
>2 cm, atypical mitotic figures, moderate to
high nuclear atypia, and five mitoses per 50
high power fields (HPFs). However, there
seems to be a marked difference in clinical
behavior between glomus tumors in deep
peripheral soft tissue and those in the stomach.
The rate of malignant behavior of gastrointes-
tinal glomus tumors is lower than for glomus
tumors at deep soft tissues. Gastric glomus
tumors are usually small, with median size
ranging from 2 to 3 cm, but the tumors that
metastasized were 6.5 and 8.5 cm. The evalu-
ation of nuclear atypia may be subjective, and
the described metastatic glomus tumors
showed only mild nuclear atypia with a few

mitoses (1–3/50 HPFs). Therefore, absence of
nuclear atypia and paucity of mitotic activity
do not rule out malignant potential, and the size
greater than 5 cm might be a more appropriate
indicator of risk for gastric glomus tumor
(Kang et al. 2012).

Macroscopy

Most glomus stomach tumors locate in the antrum
but may occur in other gastric sites. Rarely, they
are multiple lesions located the lesser curve, ante-
rior, and posterior wall of the gastric corpus. In
some cases, the glomus tumors are incidental
findings during clinical evaluation or abdominal
operation. Glomus tumors are usually well
circumscribed, round or oval, intramural, located
in gastric submucosa or muscularis, endoluminal,
sometimes ulcerated, or serosal. On sectioning,
glomus tumors vary from soft to rubbery and are
variably white, pink, red, or brown solid masses,
with calcification and hemorrhagic foci. Pseudo-
capsule may form around the tumor. Median size
of gastrointestinal glomus tumors is 2.0–3.0 cm
(range, 0.8–22.0 cm) (Kang et al. 2012).

Microscopy

Glomus tumors comprise small uniform rounded
or slightly polygonal epithelioid-like cells with
sharp cellular borders and central small uniform
round nucleus with fine chromatin and inconspic-
uous nucleoli and amphophilic to lightly eosino-
philic cytoplasm, occasionally oncocytic or clear,
and cells may be spindled (Figs. 1, 2–4). The
tumor cells are outlined by PAS (periodic acid
Schiff)-positive basement membranes. Mitotic
index of gastrointestinal glomus tumors is low,
usually <1/50 HPF and usually <5/50 high
power fields in mitotically active tumors; nuclear
atypia may be observed (symplastic glomus
tumor); intramuscular tumors >2 cm in largest
dimension with >5/50 HPF mitosis or atypical
mitosis should be considered as having risk of
malignant behavior (malignant glomus tumor,
glomangiosarcoma) (Miettinnen 2010). Glomus
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tumor cells are surrounded by basal lamina and
stroma may be myxoid or hyaline (Fig. 5)
and contain sparse mast cells, small thin vessels,
and sometimes hemangiopericytoma-like vessels
(glomangiopericytoma). Glomus tumor cells
may display solid patterns, that are separated by
bands of gastric smooth muscle or surround
dilated cavernous vessels (glomangiomas), and
transition to elongated smooth muscle type cells
(glomangiomyomas). The stroma may be
hyalinized. Some tumors may have intravascular

growth (glomangiomatosis type) without adverse
prognostic significance (Miettinnen et al. 2010).

Immunophenotype

Glomus tumor cells display strong expression
of vimentin, smooth muscle actin (Fig. 6),
sometimes CD34, and variable h-caldesmon,
calponin, and focal synaptophysin, in the absence
of CD117-cluster of differentiation molecule

Glomus Tumor, Gastrointestinal, Fig. 2 Solid and
angiomatous pattern

Glomus Tumor,
Gastrointestinal,
Fig. 1 Low power view
and detailed features of
gastric glomus tumor

Glomus Tumor, Gastrointestinal, Fig. 3 Solid and
angiomatous pattern (higher amplification)
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117/KIT (kinase-tyrosine receptor of stem cell
factor), DOG1 (discovered on GIST-1), desmin,
keratins, S100 protein, chromogranin, CD20
(cluster differentiation molecule 20), and CD 45
(cluster differentiation molecule 45). Laminin and
collagen IV is expressed in the pericellular matrix
(net-like pattern) of glomus tumors (Miettinnen
et al. 2010; Miettinnen 2010).

Molecular Features

The current literature on sporadic glomus tumors
records no molecular findings in gastrointestinal
glomus tumors which lack KIT (kinase-tyrosine

receptor of stem cell factor) and PDGFRA
(platelet-derived growth factor receptor alpha)
gene mutations that are characteristic of GISTs
(gastrointestinal stromal tumors) (Miettinen et al.
2002).

Differential Diagnosis

Immunohistochemistry is essential in the
differential diagnosis of glomus tumors.
Glomangiopericytoma should be differentiated
from other mesenchymal tissue tumors with
hemangiopericytoma-like features, such as soli-
tary fibrous tumor, and hemangiopericytoma
which are usually negative for smooth muscle
actin and from epithelioid GISTs that usually
express CD117/KIT and DOG1. They should
also be differentiated from NETs (neuroendocrine
tumors) which display expression of keratins, syn-
aptophysin, and chromogranin A in the absence of
smooth muscle actin. Other differential diagnoses
include tumors of smooth muscle, vascular, or
nerve sheet origin, such as angioleiomyoma, hem-
angioma, or peripheral nerve sheet tumor. Occa-
sionally, highly cellular glomus tumors may be
mistaken for nevi or even malignant melanomas
which express S100 protein and malignant lym-
phomas that express CD45.

Glomus Tumor, Gastrointestinal, Fig. 4 Solid pattern

Glomus Tumor, Gastrointestinal, Fig. 5 Reticulin sur-
rounding individual glomus gastric tumor cells

Glomus Tumor, Gastrointestinal, Fig. 6 Diffuse
expression of smooth muscle actin in glomus gastric
tumor cells
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Synonyms

Hyperplasia; Leukoplakia

Definition

First named by Rywlin and Ortega (1970),
glycogenic acanthosis is an esophageal disorder
characterized by multifocal white plaques of
hyperplastic squamous epithelium with abundant
intracellular glycogen deposits (Lopes et al.
2010). Its pathogenesis remains unclear; no

positive correlation has been made between
glycogenic acanthosis and dietary habitus, the
use of tobacco, or significant alcoholic intake
(Glick et al. 1982). It has been suggested that
this entity could be a nonspecific pattern of
epithelial response to anatomical site-specific
injury (Fyfe and Garcia 1998). However, an
association between glycogenic acanthosis and
gastroesophageal reflux disease has been reported
(Berliner et al. 1981; Lopes et al. 2010), Cowden’s
syndrome (Coriat et al. 2011; Kay et al. 1997;
Lashner et al. 1986; McGarrity et al. 2003), and
Celiac disease (Suoglu et al. 2004). Unless there is
a coexisting disease, patients with glycogenic
acanthosis are asymptomatic (Glick et al. 1982).

Clinical Features

• Incidence
Incidence: 5–15% in endoscopic series
(Berliner et al. 1981; Glick et al. 1982; Lopes
et al. 2010); 20–40% (Lee et al. 2007);
15–100% in autopsy series (Berliner et al.
1981; Glick et al. 1982).

• Age
The incidence seems to increase with age. In
the original study (Rywlin and Ortega 1970),
patient’s age ranged between 52 and 85 years
old (Rywlin and Ortega 1970).

• Sex
There is no gender predilection.

• Site
May involve any segment of the esophagus but
is more prominent in the distal third (Bender
et al. 1973; Lee et al. 2007; Lopes et al. 2010;
Stern et al. 1980). There is one case of
glycogenic acanthosis reported in the larynx
(Fyfe and Garcia 1998).

• Treatment
No treatment is required.

• Outcome
Glycogen acanthosis is a benign condition,
clinically insignificant, that does not require
surveillance (Belafsky 2004). An endoscopy
should be used only when the appearance is
atypical and/or the clinical suspicion of
esophageal disease is high (Glick et al. 1982).
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Macroscopy

At esophagoscopy, these lesions appear as slightly
raised gray-white plaques, which are usually
2–10 mm in diameter (<50 mm), surrounded by
normal mucosal. These whitish mucosal eleva-
tions may be discrete or extensive and confluent
assuming a conglomerative pattern of growth giv-
ing a cobblestone-like appearance of the esopha-
geal mucosa (Fig. 1) (Lopes et al. 2010). The
larger lesions may appear to have a polypoid
nature (Berliner et al. 1981).

Microscopy

Glycogenic acanthosis is characterized by a two-
to three-fold increase of the epithelial layer due to
epithelial hyperplasia and cellular hypertrophy
through swelling of the more superficial cells
due to increased intracellular glycogen (Fig. 2)
(Berliner et al. 1981; Glick et al. 1982).

The esophagic mucosa is composed of squa-
mous epithelium that is focally thickened by
groups of enlarged and clear cells located in the
upper layers of the epithelium which contain
abundant cytoplasmatic glycogen and appear
clear because of routine histological processing
removal (Fig. 3) (Lopes et al. 2010).

Hyperkeratosis, cell atypia and, dysplasia are
absent (Bender et al. 1973), and there is no
malignant potential (Berliner et al. 1981).

Immunophenotype

There is no specific immunophenotype of this
lesion. However, studies regarding its histochem-
ical profile revealed that the epithelial esophageal
cells in glycogenic acanthosis are positive with

Glycogenic Acanthosis, Fig. 1 Endoscopic view of an
esophagus with discrete raised whitish mucosal elevations
that coalesce in a cobblestone-like appearance

Glycogenic Acanthosis, Fig. 2 Low-power microscopic
appearance (200�) of glycogenic acanthosis. Cellular
hyperplasia and hypertrophy of the squamous epithelium
due to swelling of cells mostly in the superficial cell layers

Glycogenic Acanthosis, Fig. 3 High-power micro-
scopic appearance (400�) of glycogenic acanthosis.
Groups of enlarged and clear cells are seen at the upper
layers of the squamous epithelium which cells contain
abundant cytoplasmatic glycogen that as a clear
appearance with hematoxylin-eosin stain
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Periodic Acid Schiff (PAS) (Fig. 4), and are dia-
stase-sensitive, and are negative for Oil red O and
Colloidal iron stainings.

Molecular Features

No molecular features have been studied in this
condition.

Differential Diagnosis

This entity should be included in the differential
diagnosis of superficial mucosal lesions of the
esophagus (Berliner et al. 1981) such as esophageal
leukoplakia, moniliasis, and bullous pemphigoid.

Leukoplakia, although rare in the esophagus, is
characterized by inflamed edematous mucosa
covered with a superficial white layer. Histologi-
cally, dyskeratosis, parakeratosis, and cellular
atypia are typical features (Stern et al. 1980).

Moniliasis lesions are usually smaller and
whiter lesions are surrounded by an edematous
and hyperemic mucosa.
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Synonyms

Mucus-producing cell

Glycogenic Acanthosis, Fig. 4 PAS stain at high-power
view (400�). Positive PAS material is observed within the
cytoplasm of the clear and enlarged epithelial squamous
cells
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Anatomy

The number of goblet cells increases with
distal progression along the bowel, from
duodenum 4% to distal colon 16%, where they
are most abundant in the sigmoid colon and rec-
tum. Reflecting a dominant function in absorption
and antigen processing, the right colon displays
a higher colonocyte to goblet cell ratio (5:1) as
compared to the left colon. Proceeding distally an
increase in goblet cells are apparent, facilitating
increased formation of gel-type mucin in the
descending and sigmoid colon necessary for con-
solidation and transit of the increasingly formed
fecal matter. Their broad shape creates the false
impression that they constitute the majority of the
cells; however, in the sigmoid colon and rectum,
the ratio is approximately one goblet cell for every
four columnar cells.

Goblet cells are also found in other epithelia and
they are a normal component of the conjunctiva,
respiratory epithelium of the nose and larynx, and
in the bronchial epithelium. Goblet cells are some-
times encountered in the ductal epithelium of the
pancreas, endocervix, and anal intramuscular
glands. Goblet cell metaplasia can be seen in the
gastroesophageal junction and stomach; however,
goblet cells in the upper intestinal tract do not
belong to the normal cell staff, and the presence
of goblet cells is referred to intestinal metaplasia.

Function

Goblet cells in the gut play an important role in
mucosal protection. They secrete mucus, ions,
and water into the overlying mucous gel that pro-
tects the epithelial cell surfaces. Goblet cells also
produce trefoil peptides, which are important in
preventing intestinal injury and promoting wound
healing. The mucus layer overlying the epithelium
secreted by the goblet cells promotes the elimina-
tion of gut contents and provides the first line of
defense against physical and chemical injury
caused by ingested food, microbes, and the micro-
bial products. The mucus layer coating the gastro-
intestinal tract is the front line of innate host
defense, largely because of the secretory products

of intestinal goblet cells. Goblet cells in the small
intestine contain both neutral and acid mucin and
function as secretory cells, sustaining a moist vis-
cid environment within the lumen. The acid
mucins of the small intestine are primarily
sialomucins, in contrast to the colonic goblet
cell, which contains predominantly acid
sulfomucins. The number of goblet cells increases
with distal progression along the bowel.

Goblet cells appear early in the development
and are present at 9–10 weeks gestation in the
human fetal small intestine. They synthesize and
secrete bioactive molecules such as secretory and
membrane-bound mucins, trefoil peptides,
resistin-like molecule b, and Fc-g binding protein
that are components of mucus. Two pathways
secrete these molecules, constitutive or basal
secretion, which is low-level continuous secretion
dependent on cytoskeletal movement of secretory
granules, or stimulated or regulated secretion,
which involves exocytosis of granules in response
to external stimuli. Mucins are the main goblet
cell product. Mucins are highly glycosylated large
glycoproteins with protein backbone structures
rich in serine and threonine, which are linked to
a wide variety of O-linked oligosaccharide side
chains.

Intestinal metaplasia in the stomach is defined
as the replacement of gastric columnar epithelial
cells by cells with intestinal morphology, which
appears in the multistep progression of (especially
intestinal type) gastric cancer. Next to, chronic
atrophic gastritis and dysplasia, intestinal meta-
plasia is considered to be an important step in the
progression of gastric cancer. Intestinal metapla-
sia is a common condition, the prevalence of
which increases with age and is associated with
chronic atrophic gastritis, peptic ulcer, and gastric
cancer.

Intestinal metaplasia, characterized by the
presence of goblet cells, is separated into two
broad types termed “complete” and “incomplete.”
This classification system is based primarily on
the histologic and biochemical resemblance of
metaplastic epithelium to normal intestinal epithe-
lium. Common to both groups are typical round or
barrel-shaped goblet cells secreting acid mucins.
Incomplete intestinal metaplasia is composed of
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mucinous columnar epithelium mixed with goblet
cells. This type is further subdivided into two
subgroups based on the presence or absence of
colonic-type mucins (termed sulfomucins) in the
cytoplasm of mucinous columnar cells. In con-
trast, complete (type I) intestinal metaplasia is
composed entirely of surface absorptive
enterocytes with a well-developed brush border
admixed with goblet cells and sometimes Paneth
cells resembling the normal gut, without mucin-
ous columnar epithelium.

Barrett’s epithelium is histologically and bio-
chemically similar to the incomplete (type II or
III) metaplasia in the stomach. Less commonly,
Barrett’s epithelium may show complete type
I intestinalmetaplasia. Subtyping of intestinalmeta-
plasia has no practical clinical significance in diag-
nosing or treating patients with Barrett metaplasia.
Gastroesophageal reflux disease and Helicobacter
pylori infection are the major etiologic factors in the
development of inflammation and intestinal meta-
plasia of the gastroesophageal junction.

Microscopy

True goblet cells have a rounded goblet shape,
have clear or slightly blue-tingled cytoplasm,
and contain an eccentrically located and some-
times compressed nucleus. Goblet cells contain
acid mucin that stains intensely blue with Alcian
blue at pH 2.5. The goblet cell secretes mucin
derived from the carbohydrate protein complex
synthesized in the rough endoplasmic reticulum,
which is then glycosylated, sulfated, and pack-
aged in the Golgi system. The cytoplasmic
mucin contains a mixture of both sialomucins
and sulfomucins, but sialomucins generally pre-
dominate. Goblet cells can be readily recognized
in H&E-stained tissue sections.

Intestinal metaplasia/goblet cells in Barrett
have to be distinguished from pseudogoblet cells
that are distended mucinous cells. These are barrel
shaped and contain distended cytoplasmic vacu-
oles that impart an appearance similar to goblet
cells. Pseudogoblet cells usually stain less
intensely than true goblet cells using Alcian blue
at pH 2.5. However, morphology is used to make

the distinction since the difference on Alcian
blue is usually quite subtle. The acid mucins of
the small intestine are primarily sialomucins, in
contrast to the colonic goblet cell, which contains
predominantly acid sulfomucins.

Intestinal metaplasia of the stomach or
gastroesophageal junction can be easily recognized
morphologically by the presence of goblet cells,
absorptive cells, and cells resembling colonocytes
by its enzyme or mucin content. Intestinal meta-
plasia has been categorized into complete and
incomplete forms and using mucin histochemistry
into three main types according to its morphology
and glycoprotein content (Figs. 1 and 2). In type
I complete intestinal metaplasia, goblet cells con-
tain sialomucins and are interspersed between non-
secretory absorptive cells with well-delineated
brush borders. In type II, sialomucin-containing
goblet cells are scattered among gastric-type cells
containing either neutral mucin or sialomucins.
Type III is characterized by tortuous and branched
crypts lined by tall columnar cells containing abun-
dant sulfomucins with smaller numbers of goblet
cells containing either sialomucins or sulfomucins.

Intestinal metaplasia is a condition pre-
disposing to the development of carcinoma. Com-
plete metaplasia is believed to carry the lowest
risk of gastric cancer. However, there is not
enough consensus or evidence; therefore, the
performance of special stains to define the types
of metaplasia and the assessment of gastric cancer
risk is not regularly done.

Goblet Cells, Fig. 1 Biopsy of the distal stomach shows
glands with complete intestinal metaplasia with
replacement of glands with goblet cells and Paneth cells
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Immunophenotype and
Immunohistochemistry

Goblet cells synthesize secretory mucin
glycoproteins (MUC2) and bioactive molecules
such as epithelial membrane-bound mucins
(MUC1, MUC3, MUC17), trefoil factor peptides
(TFF), resistin-like molecule b (RELMb), and Fc-
g binding protein (Fcgbp).

Acidic glycoproteins are best demonstrated
with the AB/PAS technique at pH 2.5 staining
blue or purple, in contrast to the Schiff-positive
neutral mucins present in the surface and foveolar
epithelium and the mucous glands of the non-
metaplastic gastric mucosa. In a combined Alcian
blue/PAS stain, the droplets in goblet cells appear
blue-purple.

Normal gastric mucosa produces mainly
neutral mucins, except for the mucus-secreting
cells of the neck glands that secrete acid mucins.
Normal human stomach expresses MUC1,
MUC5AC, and MUC6. MUC1 and MUC5AC
are expressed in the superficial foveolar
epithelium, whereas MUC6 is expressed in the
mucous neck cells of the body and deeper glands
of the antrum.

Complete intestinal metaplasia shows positive
staining with MUC2 and CD10. Incomplete intes-
tinal metaplasia is highlighted with MUC2,
MUC1, MUC5AC, and MUC6.

Table with Important Diseases (Links)

Barrett’s esophagus

Adenocarcinoma of the upper gastric tract

Goblet cell carcinoid
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Synonyms

Abrikossoff tumor; Granular cell myoblastoma;
Granular cell nerve sheath tumor; Granular cell
schwannoma

Goblet Cells, Fig. 2 Biopsy of the esophagus with
Barrett’s epithelium with irregular glands with scattered
goblet cells and a few Paneth cells (incomplete metaplasia)
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Definition

Granular cell tumors comprise a group of variable
etiological and clinical tumors characterized by
large cells with granular eosinophilic cytoplasm.
Myoblasts, Schwann cells, histiocytes, perineural
fibroblasts, and undifferentiated mesenchymal
cells have been postulated as the origin of the
tumor, while theories of the nonneoplastic
nature of the lesion resulting from trauma, as
a degenerative process or as a storage disorder
involving histiocytes, have also been claimed.
Recent reports support a peripheral nerve-related
cell of origin for the majority of these tumors
based on the findings of cytoplasmic granules
with numerous membrane-bound vacuoles
containing myelin-like tubules and “angulate bod-
ies” that show close relation with preexistent
axons at the ultrastructural level, found between
granular cells. The expression of nestin in granu-
lar cell tumors suggests that these tumors may
arise from a common multipotential stem cell in
the gastrointestinal tract, which has the potential
to differentiate along both interstitial cell of Cajal
and peripheral nerve pathways. Despite remaining
controversies about granular cell tumor histogen-
esis, Schwann cell derivation from multipotential
stem cell is the most frequent and favored origin
for this nonspecific cell lineage tumor type
(Johnston and Helwig 1981; Parfitt et al. 2006;
Radaeli and Minoli 2009).

Clinical Features

• Incidence
Granular cell tumors are uncommon tumors
and up to 8% occur in the gastrointestinal
tract (Radaeli and Minoli 2009).

• Age
The mean age of granular cell tumors is 41.8
years (range, 15–79 years) (Johnston and
Helwig 1981). In the esophagus they occur in
the fourth to sixth decades (range, 23–65), and
colorectal granular cell tumors occur in the sixth
decade (range, 22–79) (Parfitt et al. 2006; John-
ston and Helwig 1981).

• Sex
The male/female ratio of granular cell tumors is
1.4:1 (Johnston and Helwig 1981). In the esoph-
agus, granular cell tumors are more common in
women, whereas in the colorectal, they are more
common in men (Parfitt et al. 2006).

• Site
Most granular cell tumors occur in the submu-
cosa of (distal) esophagus (some as multiple
tumors), followed by colorectal (more in
cecum and rectum, some as multiple tumors),
stomach, appendix, and small bowel; duodenal
granular cell tumors are extremely rare
(Johnston and Helwig 1981; Parfitt et al. 2006).

• Treatment
Surveillance endoscopy can be considered,
after histological biopsy diagnosis, for asymp-
tomatic small granular cell tumors whenever
resection-related risks outweigh the potential
benefits, thus avoiding the potential complica-
tions of surgical procedures. Otherwise, safe
treatment is resection, by either endoscopy
(polypectomy when<1 cm; mucosal resection
or submucosal dissection for larger tumors) or
surgery (Radaeli and Minoli 2009) aiming R0
margins, particularly in symptomatic patients
with large tumors or those with tumors dem-
onstrating rapid growth, having transmural
infiltration, or suspected of malignancy. For
larger tumors, the views concerning treatment
have been changing over the years with the
introduction of new therapeutic options includ-
ing laser, diathermy loop, and endoscopic
resection.

• Outcome
Granular cell tumors usually follow a benign
course, recurrence occurs in up to 10% (Parfitt
et al. 2006) and malignancy in <2% of the
cases (Parfitt et al. 2006). The features associ-
ated with the possibility of malignancy include
local recurrence, fast growth to a size larger
than 4 cm, tumor necrosis, increased cellular-
ity, spindle tumor cells, cytologic atypia, high
nuclear to cytoplasmic ratio, pleomorphism,
vesicular nuclei with large nucleoli, mitotic
index higher than two mitoses per high-power
field, and infiltrative pattern of growth. Also
a positivity rate of more than 50% for p53
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(tumor suppressor protein 53) and a Ki-67
(proliferation-related antigen) labelling index
higher than 10% indicates potential malignant
behavior. There are reports of cases that have
recurred or metastasized despite having
a benign histological appearance. Regrowth
may be common due to incomplete tumor
resection.

Macroscopy

Granular cell tumors are nonencapsulated, usually
submucosal, sometimes polypoid, yellow-white
and solid nodules, rarely with transmural infiltra-
tion. Most are solitary, <2 cm in largest dimen-
sion, but synchronous presentations can occur in
up to 20% of cases.

Microscopy

Granular cell tumors comprise plump, polygonal
cells with abundant granular light eosinophilic
cytoplasm, with round, small, and uniform
hyperchromatic nuclei (Fig. 1). The most

characteristic feature of these lesions is that the
cytoplasm of the neoplastic cells demonstrates
globular and diffuse periodic acid-Schiff positiv-
ity, which remains after diastase digestion.
Nuclear pleomorphism, prominent nucleoli, and
mitotic figures are uncommon. The tumors can
display infiltrative (sometimes with remote sat-
ellite nodules) or expansive growth pattern,
a lymphoid cuff, focal calcification, and reactive
mucosal surface changes. The growth pattern
varies with the age of the lesion; while the cells
tend to form large nests surrounded by thin
fibrous septa in younger lesions, the pattern of
older lesions is characterized by marked
desmoplasia with few scattered small nests of
granular cells embedded in a dense collagenous
stroma. While tumor cells are mainly polygonal
or round, areas composed of spindle cells can be
observed, especially in colonic granular cell
tumors. In the esophagus, the overlying
squamous epithelium may display pseudo-
epitheliomatous hyperplasia. It is unclear
whether the 3-tiered grading system used for
soft tissue tumors – benign, atypical, and
malignant – based on the presence of necrosis,
nuclear atypia, and mitotic activity is useful in
granular cell tumors of the gastrointestinal tract
(Miettinen et al. 2010).

Immunophenotype

Granular cell tumor cells express S-100 protein
(Fig. 2), vimentin, neuron-specific enolase, CD68
(cluster differentiation molecule 68), alpha1-anti-
trypsin, CD57 (cluster differentiation antigen 57)
(Leu-7), myelin basic protein, PGP 9.5 (protein
gene product 9.5), nestin (found normally in
neuroectodermal stem cells and early skeletal
muscle), inhibin-alpha, calretinin, laminin,
NGFR (nerve growth factor receptor), and P2-P0
(peripheral nerve myelin proteins P2 and P0) in
the absence of smooth muscle actin, desmin, neu-
ral filaments, CD117 (cluster differentiation mol-
ecule 117)/KIT (kinase-tyrosine receptor of stem
cell factor), DOG1 (discovered on GIST-1), kera-
tins, HMB45 (premelanosome glycoprotein pre-
sent in melanomas and other tumors derived from

Granular Cell Tumor, Gastrointestinal, Fig. 1 Low
power features of esophagus granular cell tumor
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melanocytes), Melan-A (protein antigen present
in melanocytes), CD34 (cluster differentiation
molecule 34), and GFAP (glial fibrillary acidic
protein) (Parfitt et al. 2006).

Molecular Features

So far, there are no available data regarding
molecular features of granular cell tumors.

Differential Diagnosis

The diagnosis of gastrointestinal granular cell tumors
is usually straightforward based on adequate clinical/
imaging evaluation, sampling, histology, and immu-
nohistochemistry studies. Differential diagnosesmay
include gastrointestinal stromal tumor, leiomyoma,
leiomyosarcoma, and carcinoma.
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Definition

Granulomatous gastritis is a descriptive diagnosis
that encompasses a broad range of conditions
characterized by the development of mucosal or
submucosal granulomas.

Clinical Features

Etiology/Pathogenesis
The development of granulomatous gastritis can
be associated with multiple etiologies, including
infectious, immune-related, and foreign material,
among others (Table 1).

• Crohn disease is the most common etiology in
Western nations, representing 17–55% of
cases. The patients tend to be of the pediatric
age group and complain of nausea, vomiting,
and upper abdominal pain. Endoscopic and
microscopic involvement of the lower gastro-
intestinal tract is common but not obligatory.

• Gastric sarcoidosis may be detected in
patients with an established diagnosis, or as
a presenting manifestation of the disease. In

Granular Cell Tumor, Gastrointestinal, Fig. 2 Low
power features of diffuse expression of S100 protein in
esophagus granular cell tumor
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North America, the disease is more common in
African-Americans. The diagnosis remains
a diagnosis of exclusion. Detection of hyper-
calcemia and granulomatous lesions of the
lung, liver, and lymph nodes will be significant
in confirming the diagnosis.

• It is now generally accepted, despite early pub-
lications, that Helicobacter pylori infection is
not an etiology of gastric granuloma.

• Isolated granulomatous gastritis has been
described as a distinct clinicopathologic entity.
However, the diagnosis has been questioned
due to lack of adequate clinical information
and follow-up, which is especially important
since some cases may in fact represent the first
manifestation of sarcoidosis or Crohn disease.
Thus, if no etiology is evoked, it is best to use
a descriptive designation of “granulomatous
gastritis of uncertain etiology” rather than idi-
opathic granulomatous gastritis.

• Other causes include foreign body granulomas
(secondary to impacted food, suture material, or
drugs) and rare causes of granulomatous inflam-
mation, such as Langerhans cell histiocytosis,
chronic granulomatous disease, common vari-
able immunodeficiency, Whipple’s disease, and

systemic vasculitides. Gastric granulomas can
also be diagnosed in association with neoplasia,
i.e., adenocarcinomas and lymphomas likely
representing an inflammatory response to the
tumor proper or neoplastic antigens. Infectious
etiologies, bacterial, fungal, and parasitic infec-
tions should always be considered.

Incidence

Granulomatous gastritis is uncommon. The inci-
dence reported in various series ranges from
0.08% to 0.35%. The median age of the popula-
tion studied, the geographic locale, and the socio-
economic factors play a role in the etiologies to be
considered.

Presentation

Most cases are incidental with the discovery of
a granuloma in a pinch biopsy evoking a series of
various clinical conditions. However, in several
conditions, inflammation of the gastric mucosa
will be detected (see section “Macroscopy”).
Abdominal pain, nausea, and vomiting with
chronic diarrhea and weight loss can be observed
in Crohn disease patients.

Treatment

In many instances, the detection of granulomatous
gastritis is an accompanying feature that will not
generate specific treatment. However, in systemic
conditions, the treatment of the primary disease
will be beneficial to the gastric manifestation.
Antibiotic therapy is used for infectious etiologies
and supportive care for noninfectious conditions.

Outcome

Except for infectious conditions, the diagnosis of
granulomatous gastritis is frequently inconse-
quential, and the clinical course is related to the
outcome and management of the underlying
etiology.

Granulomatous Gastritis, Table 1 Etiologies of gran-
ulomatous gastritis

Idiopathic

Infectious
agents

Tuberculosis (Mycobacterium
tuberculosis)

Histoplasma capsulatum

Anisakis (Anisakis simplex)

Taeniasis and Strongyloides
stercoralis

Syphilis (Treponema pallidum)

Systemic
conditions

Sarcoidosis

Crohn disease

Langerhans cell histiocytosis

Chronic granulomatous disease

Common variable immunodeficiency

Wegener granulomatosis

Foreign bodies Impacted food, drug coatings

Suture material, barium

Drugs

Periphery of
neoplastic
process

Adenocarcinoma

Lymphoma
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Macroscopy

In many cases, the endoscopy is normal. How-
ever, various endoscopic features can be associ-
ated with a histologic diagnosis of granulomatous
gastritis. These include erythema, mucosal
nodularity, polyps, erosions, and ulcerations, as
well as thickening of the gastric wall.

For example, changes associated with Crohn
disease have been found predominantly in the
antrum, including aphthoid-type erosions, cobble-
stone appearance, linear fissures, and thickened
and nodular gastric folds (i.e., bamboo-like
appearance) (Fig. 1). In tuberculosis, large non-
healing ulcers and stricturing fibrosis have been
reported, while in syphilis, rugal hypertrophy,
including linitis plastica, has been observed. In
sarcoidosis, a similar pattern of mucosal
nodularity, thickening, and linitis plastica-like
(Fig. 2) involvement has been noted.

Microscopy

In general, the number, size, location, and com-
position of the granulomas are variable, and the
morphology seldom points to a diagnosis. How-
ever, some specific features will be suggestive

of certain etiologies. Large compact granulomas
with Langerhans-type giant cells, a peripheral
lymphocytic cuff, and mucosal scarring suggest
sarcoidosis (Fig. 3). Necrotizing granulomas
point toward infectious etiologies such as tuber-
culosis. Prominent eosinophilic infiltrate usu-
ally surrounds nematodes of Anisakis, other
parasitic infections, and vasculitides. Crohn-
associated granulomas are commonly antral

Granulomatous Gastritis, Fig. 1 Endoscopic picture of
a patient with sarcoidosis. In this example, a diffuse muco-
sal infiltrate mimicking a neoplastic infiltrate was observed

Granulomatous Gastritis, Fig. 2 Endoscopic picture of
a case of involvement of the gastric mucosa with thickened
and nodular gastric folds

Granulomatous Gastritis, Fig. 3 Expansile and com-
pact granuloma with distortion of the mucosal architecture
in a patient with known sarcoidosis. Note the Langerhans-
type giant cells and the (albeit minimal in this case)
lymphocytic cuff
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and composed of small clusters of epithelioid
histiocytes (Fig. 4). They are usually noted in
the midzone close to the glandular isthmus and
frequently are associated with focally enhanced
gastritis.

Immunophenotype

No specific immunohistochemical stain is associ-
ated with a diagnosis of granulomatous gastritis.

Molecular Features

No single molecular feature is associated with
a diagnosis of granulomatous gastritis. However,
some PCR analysis, under certain conditions, will
be helpful in ruling out or confirming some
specific infectious diagnoses.
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Hamartomatous Polyps
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Synonyms

Cowden syndrome; Hamartomatous polyposis;
Juvenile polyposis; Juvenile polyps; Peutz-
Jeghers polyps; Peutz-Jeghers syndrome

Definition

Hamartomatous polyps are malformations of tis-
sue elements indigenous to the gastrointestinal
(GI) tract that protrude into the visceral lumen
(Fenoglio-Preiser et al. 2008). They are polypoid
lesions characterized by a variable admixture of
epithelial and mesenchymal elements that recapit-
ulate the composition of normal gut.

Hamartomatous polyps can be found in almost
any GI segment, either solitary sporadic lesions or
part of hereditary polyposis syndromes. In the
latter, in rare cases, their appearance is not spe-
cific, but in most, the histological features
together with thorough clinical background
will allow a proper diagnosis. This is of
important prognostic importance since different
polyposis syndromes have additional extra-GI

manifestations and different association with the
development of malignancy.

Peutz-Jeghers (PJ) polyps are part of the
homonymous syndrome, an autosomal dominant
disorder characterized by gastrointestinal
hamartomatous polyps and pigmented mucosal
and cutaneous macules, especially in orofacial
location. These polyps can cause intussusception,
bleeding, or pain. The occurrence of auto-
amputation is not rare. Patients with Peutz-
Jeghers syndrome may present with hamartomas
in the urogenital as well as the respiratory tract
(Kopacova et al. 2009).

Juvenile polyps (JP) are the most frequent
colorectal polyps in the pediatric population
(Fenoglio-Preiser et al. 2008). They can occur as
isolated lesions or in the context of Juvenile Poly-
posis syndrome which can be divided, clinically,
into three subtypes (Hornick and Odze 2009). The
rare juvenile polyposis of infancy is a fatal pedi-
atric syndrome with polyps throughout the GI
tract, diarrhoea, and protein-losing enteropathy.
The juvenile polyposis coli and the generalized
juvenile polyposis are autosomal dominant
conditions presenting with juvenile polyps in
the colon and rectum, in the former, and through-
out the GI tract, in the latter. Extra-GI manifesta-
tions include a number of congenital birth
defects, detectable in up to 15% of patients
(Fenoglio-Preiser et al. 2008).

Juvenile polyps, associated with lipomas,
ganglioneuromas, or lymphangiomas, can also
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occur in the setting of Cowden disease, part of the
PTEN hamartomatous tumor syndrome. Cowden
syndrome has numerous extra gastrointestinal
features including mucocutaneous lesions,
oesophageal glycogenosis, fibrocystic breast dis-
ease, and multinodular goiter (Calva and Howe
2008).

Cronkhite-Canada syndrome is
a nonhereditary, adult onset, gastrointestinal poly-
posis syndrome (Fenoglio-Preiser et al. 2008).
Hamartomatous polyps similar to juvenile polyps
can occur in association with cutaneous hyper-
pigmentation, alopecia, and onychodystrophy.
Clinical manifestations are similar to juvenile
polyposis of infancy and include diarrhoea and
an important protein-losing enteropathy
(Fenoglio-Preiser et al. 2008).

Fundic gland polyps occur in the stomach and
can be isolated, sporadic lesions, frequently
associated with proton pump inhibitor therapy,
or may occur in the setting of familial adenoma-
tous polyposis (FAP). Although classically they
have been categorized under hamartomatous
polyps, the current WHO blue book considers
them as neoplastic lesions (Lauwers et al. 2010)
and they will be addressed in another chapter.

Clinical Features

• Incidence
The incidence of hamartomatous polyps
depends greatly on the context they appear in.

Peutz-Jeghers sporadic polyps are very rare.
PJ syndrome is estimated to occur in 1 in each
120,000 births (Fenoglio-Preiser et al. 2009).

Isolated juvenile polyps occur in up to 2%
of the pediatric population, constituting the
most common hamartomatous GI polyps in
infancy (Hornick and Odze 2009). Juvenile
polyposis is rare, with an estimated incidence
of 1 per 100,000 births (Fenoglio-Preiser et al.
2008).

• Age
Sporadic Peutz-Jeghers polyps can occur at
any age. The median time of appearance of
polyps in PJ syndrome is 11–13 years
(Kopacova et al. 2009).

Juvenile polyps are most frequently
diagnosed in the pediatric population, but
they are also not rare in adults. One study
reported a mean age of occurrence of
5.9 years (Hornick and Odze 2009).

• Sex
There is no sex predilection for the occurrence
of PJ polyps (Kopacova et al. 2009).

In multiple juvenile polyps there is a male
predilection. Isolated pediatric lesions occur
with equal frequency in both genders
(Fenoglio-Preiser et al. 2008).

• Site
Peutz-Jeghers polyps can occur throughout the
GI tract, affecting jejunum, ileum, colon, stom-
ach (usually the antrum), duodenum, and
appendix in decreasing order of frequency
(Kopacova et al. 2009; Fenoglio-Preiser et al.
2008). Finding multiple polyps in the small
bowel can be a diagnostic clue to PJ syndrome
because other hamartomatous polyposis syn-
dromes do not usually involve only this area
(Hornick and Odze 2009).

Sporadic juvenile polyps occur only in the
colon or rectum, especially in the rectosigmoid
colon (Hornick and Odze 2009). In juvenile
polyposis coli besides appearing in the
colorrectum, some polyps may arise in the
small bowel. In generalized juvenile polyposis
multiple polyps can occur in any segment of
the GI tract (Hornick and Odze 2009).

• Treatment
Treatment options depend mainly on the
clinical context. Sporadic polyps can be
excised with safety but lesions occurring in
hereditary setting are not only much more
numerous but associated with extra-
gastrointestinal manifestations and an
increased risk of malignancy such that man-
agement options should include symptomatic
treatment and a surveillance protocol.

In PJ syndrome screening protocols include
colonoscopy since the beginning of symptoms
or late teens, at least every 3 years, upper
endoscopy biannually, and capsule or small
bowel radiography annually. Also, screening
for pancreatic neoplasia, breast cancer, and
gynecological or testicular neoplasia should
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be performed (Calva and Howe 2008;
Fenoglio-Preiser et al. 2008).

In juvenile polyposis, all the polyps should
be removed and analyzed. If the number is very
high or if there is dysplasia or carcinoma,
a colectomy or gastrectomy can be necessary.
Colonoscopy and upper endoscopy screening
for malignancy should start in the mid teens
and continue annually if polyps are identified
(Calva and Howe 2008).

Other hamartomatous polyposis syn-
dromes, such as Cronkite-Canada syndrome
that have associated anaemia and protein-
losing enteropathy, may include the need for
supportive therapy, such as transfusions and
nutritional and electrolyte replacement therapy
and/or removal of symptomatic segments of
the GI tract (Calva and Howe 2008).

• Outcome
The outcome of patients with hamartomatous
lesions is variable.

Solitary PJ polyps have nomalignant poten-
tial (Hornick and Odze 2009). Peutz-Jeghers
syndrome patients have an increased risk of
developing a number of gastrointestinal and
extragastrointestinal malignancies, particularly
breast carcinoma (in both sexes) and ovarian,
testicular, and biliary tumors. Ovarian sex cord
tumor with annular tubules (SCAT) is particu-
larly prevalent in this population. Also, mucin-
ous ovarian tumors and adenoma malignum of
the uterine cervix have been diagnosed in asso-
ciation with this syndrome (Fenoglio-Preiser
et al. 2008). In the gastrointestinal tract, carci-
noma occurs most commonly in the small
intestine, particularly in the duodenum. 2–6%
of PJ polyps can have foci of dysplasia or
carcinoma (Yantiss and Antoniolli 2009). GI
carcinomas in PJ syndrome patients develop in
the second and third decade (Fenoglio-Preiser
et al. 2008).

Solitary juvenile polyps are not associated
with malignancy or recurrence (Hornick and
Odze 2009). In JP syndrome, however, the risk
of upper or lower GI cancer has been estimated
as 55%. In a study the mean age at diagnosis of
carcinoma was 35.5 (range 4–60 years old),
being the tumor stage advanced. Dysplasia

and carcinoma occur both in juvenile polyps
and in adenomatous lesions without evidence
of juvenile polyp, mainly in larger lesions
(>1 cm) and in villous polyps (Fenoglio-
Preiser et al. 2008).

JP syndrome patients also have an increased
risk of developing gastric, duodenal, and
pancreatic cancer (Calva and Howe 2008).

Mortality in Cronkite-Canada syndrome can
reach to as many as 60% of cases and derives
mainly from hemorrhagic complications or
malnutrition. Association with carcinoma,
colonic or gastric, has been described in up to
20% of patients (Fenoglio-Preiser et al. 2008).

Macroscopy

Endoscopically, PJ polyps have a characteristic
multinodular appearance and a thick stalk due to
the abundance of smooth muscle fibers. They can
be single or more than 100, carpeting the mucosa
(Fenoglio-Preiser et al. 2008).

Juvenile polyps have a smooth surface and are
usually small and pedunculated. Sometimes there
is ulceration of the polyp surface. The cut surface
frequently shows mucinous material filled cysts.
In JP syndrome the number of polyps is usually
between 50 and 200 and the mucosa between the
polyps is usually spared. In Cronkite-Canada
syndrome, lesions are usually indistinguishable
from juvenile polyps but the intervening mucosa
has edema and inflammatory features
(Fenoglio-Preiser et al. 2008).

Microscopy

Peutz-Jeghers polyps have histological distinctive
features (Fig. 1). They are lined by normal mucosa
of the site of origin, such as villi with goblet and
Paneth cells in the small bowel, colonic epithelium
(sometime villous appearing) in the colon, or
foveolar epithelium and endocrine cells in the
stomach. In the duodenum, Brunner glands can
be found. A feature distinctive to PJ polyps is the
presence of dispersed arborizing thick smooth
muscle bundles lined by indigenous epithelium
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(Kopacova et al. 2009). These bundles are usually
inconspicuous in small bowel polyps but can be
quite subtle in the colon or stomach. The lamina
propria is usually uneventful but erosion and reac-
tive aspects of the lining epithelium can occur. In
larger polyps, the presence of displaced glands in
the thickness of the polyp, a feature that can reflect
the hamartomatous nature of the lesion or be sec-
ondary to trauma, can originate the problem of
differential diagnosis with adenocarcinoma
(Fenoglio-Preiser et al. 2008). As been stated pre-
viously, PJ polyps in the setting of PJ syndrome
can harbor dysplasia and adenocarcinoma.

Juvenile polyps have mucus filled cystically
dilated and tortuous glands (Fig. 2). The lamina
propria is expanded by the presence of edema and

inflammatory infiltrate with plasma cells,
lymphocytes, neutrophils, and eosinophils
(Hornick and Odze 2009). In JP syndrome polyps
termed typical can be found intermingled with
atypical polyps. The latter show a less stromal
and more epithelial proliferation, frequently
with a villiform appearance (Offerhaus and
Howe 2010). Occasionally ganglioneuromatous
proliferations and metaplastic alterations can be
found (Fenoglio-Preiser et al. 2008). Ulceration of
the surface epithelium is common. Gastric JP can
sometimes be indistinguishable from hyperplastic
polyps and clinical information is essential to the
diagnosis. JP can also have associated dysplasia,
usually low grade but also high grade, and adeno-
carcinoma (Hornick and Odze 2009).

Hamartomatous Polyps, Fig. 1 Peutz-Jeghers polyp. Note the arborizing structure with prominent smooth muscle
bundles in the lamina propria
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Cronkite-Canada polyps are very similar to
hyperplastic polyps or juvenile polyps, but rather
than being spared, the intervening mucosa has cys-
tic glands. Once more, clinical information is of
paramount importance. It is not clear whether dys-
plasia and carcinoma that have been reported in
Cronkite-Canada syndrome arise from Cronkite-
Canada polyps or from associated adenomatous
polyps (Fenoglio-Preiser et al. 2008).

Molecular Features

More than half of the patients with Peutz-Jeghers
syndrome harbor a mutation in a gene

(LKB1/STK11) located on chromosome 19p13.3
that encodes a serine threonine kinase that nor-
mally inhibits cell growth by stimulating the pro-
moter activity of CDKNIB. It has also been found
to interact with p53 and some SMAD4 complexes
and is involved in cell polarity, chromatin
remodelling, and Wnt signalling (Calva and
Howe 2008).

In juvenile polyposis syndrome the most com-
mon abnormality involves the TGF-b pathway.
About 50% of patients inherit mutations in
SMAD4/DPC4 or BMPR1A in an autosomal dom-
inant fashion, while in a percentage of cases, there
is a de novo mutation. SMAD4 is a protein that
functions as the common intercellular mediator of

Hamartomatous Polyps, Fig. 2 Juvenile polyp. This sporadic juvenile polyp of a 2-year-old boy shows superficial
ulceration, dilated glands, and prominent inflammation in the lamina propria
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the TGF-b, bone morphogenic protein (BMP),
and activin signalling pathways. BMPR1A is
a transmembrane receptor involved in the same
pathways that in the end regulate the transcription
of various genes (Calva and Howe 2008;
Fenoglio-Preiser et al. 2008).

Cowden disease results from mutations in the
PTEN gene, which encodes a protein that affects
apoptosis and inhibits cell spreading (Calva and
Howe 2008).

Differential Diagnosis

The main differential diagnosis is between the
different types of hamartomatous polyps and
with hyperplastic polyps. In the stomach, for
example, the distinction is frequently impossible.
In other instances, location of the polyp (e.g., PJ
polyps are more frequently located in the small
bowel while JP only occur in the jejunum in rare
occasions, in the context of a generalized
syndrome) and some histological clues can help
in the differential diagnosis. The presence of large
branching smooth muscle fibers is distinctive of
PJ polyps. However, in the stomach and colon,
this feature can be very inconspicuous and JP can
have sparse muscle bundles in the lamina propria.
JP has an expanded lamina propria with inflam-
matory cells and edema, a feature that is not
common in PJ polyps (Fenoglio-Preiser et al.
2008).

When PJ and JP have misplaced glands, some-
times a distinction from adenocarcinoma can be
difficult. In the former however, even if the mis-
placed glands have dysplasia, there are usually
some glands lacking atypia next to them, there is
lack of stromal desmoplasia, and, frequently, lam-
ina propria surrounding the displaced glands can
be appreciated (Fenoglio-Preiser et al. 2008).

When hamartomatous polyps harbor dysplasia,
they can be difficult to differentiate from adeno-
matous polyps. Usually dysplasia occurs in super-
ficial areas of the polyp and other characteristics
of the hamartomatous polyp can still be

recognized. However in cases with diffuse dys-
plasia or adenocarcinoma, the distinction can be
impossible.

A diagnosis of a polyposis syndrome is not
advisable without proper clinical and endo-
scopical information that can fulfil the needed
diagnostic criteria. For example, finding two JP
cannot allow a diagnosis of juvenile polyposis.
However if there is information about family his-
tory of juvenile polyposis, a diagnosis can be
suggested. The finding of the same two juvenile
polyps associated with the information that the
patient has multiple colon polyps, facial tri-
cholemmomas, and goiter can suggest the diagno-
sis of Cowden syndrome.
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Helicobacter heilmannii Infection

Ceu Figueiredo
Department of Pathology, Faculty of Medicine of
the University of Porto, Institute of Molecular
Pathology and Immunology of the University
of Porto (IPATIMUP), Porto, Portugal

Synonyms

Gastrospirillum hominis; Gastric non-Helico-
bacter pylori Helicobacter species; “Helicobacter
heilmannii”-like organisms (HHLO)

Definition

The name “Helicobacter heilmannii” has been
used for many years referring to uncultivable,
long, spiral-shaped bacteria, morphologically dis-
tinct from H. pylori, observed in the stomach of
humans and animals. These bacteria were initially
designated as “Gastrospirillum hominis” and,
based on sequence analysis of the 16S rRNA
gene, were provisionally named “Helicobacter
heilmannii,” in honor of the German pathologist
Konrad Heilmann who first studied the pathology
associated with these microorganisms.

“H. heilmannii” was further subdivided into
two taxa, as phylogenetic analysis of the 16S
rRNA gene revealed two types that differed by
more than 3% in their nucleotide sequence:
“H. heilmannii” type 1, which are morphologi-
cally and genetically identical to H. suis
(formerly designated “Gastrospirillum suis”),
a species that colonizes the stomachs of pigs;
and “H. heilmannii” type 2, which represents
a group of species that have been isolated
from the stomachs of cats and dogs, which
include H. felis, H. bizzozeronii, H. salomonis,
H. cynogastricus, H. baculiformis, and
H. heilmannii sp. nov. The latter species was
given in 2004 the provisional name “Candidatus

H. heilmannii,” based on taxonomic evaluation of
the urease genes, and because it could not be
cultured in vitro at that time. Only very recently
was H. heilmannii formally recognized as a valid
species name after successful in vitro isolation.

The nomenclature used to designate this
expanding group of gastric non-Helicobacter
pylori Helicobacter species is complex and
confusing, but nevertheless essential as the
pathogenicity to humans and susceptibility to
antimicrobial agents is still largely unknown and
may vary depending on the bacterial species.

To avoid further confusion in the nomencla-
ture, the introduction of the terms H. heilmannii
sensu lato (H. heilmannii s.l.) and H. heilmannii
sensu stricto (H. heilmannii s.s.) has been recently
proposed. The proposal is thatH. heilmannii s.l. is
used to refer to the whole group of non-H. pylori
Helicobacter species detected in human or animal
stomachs, and when only results of histopathol-
ogy, electron microscopy, or crude taxonomic
data are available, and that H. heilmannii s.s. or
the other species names is used whenever bacteria
are really identified to the species level. This
nomenclature will be adopted in this entry.

In the great majority of “H. heilmannii”-related
case reports, the species status is unknown and, as
a consequence, it is not clear which species are
associated with certain disease outcomes. The
fastidious nature of these microorganisms has
made their in vitro isolation difficult and ham-
pered correct species identification for a long
time. Although the only H. heilmannii s.l. species
isolated from the human gastric mucosa so far is
H. bizzozeronii, humans may also be colonized
with H. suis, H. felis, H. salomonis, and H.
heilmannii s.s. There are no reports on the pres-
ence of H. cynogastricus and H. baculiformis in
the human gastric mucosa.

H. heilmannii s.l. infection in humans has been
associated with chronic gastritis and occasionally
with acute gastritis. Glandular atrophy or intesti-
nal metaplasia may be present, but these lesions
are less common in H. heilmannii s.l. infection
than in H. pylori infection. Gastric erosions
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mainly in the antrum, duodenal ulcers, gastric
adenocarcinoma, and low-grade MALT
lymphoma of the stomach have also been reported
in association with H. heilmannii s.l. infections.
The risk of developing MALT lymphoma is
higher in infections with H. heilmannii s.l. than
with H. pylori.

Data suggest that human infections with
H. heilmannii s.l. likely originate from animal
transmission. H. heilmannii s.l. are commonly
found infecting dogs, cats, and pigs, and a higher
incidence of H. heilmannii s.l. infection has been
noted in humans that have had contact with these
animals.

Clinical Features

• Incidence
There are no data available regarding the inci-
dence of H. heilmannii s.l. infection.
The prevalence of H. heilmannii s.l. infection
is low, ranging from <0.5% in developed
countries to 1.2–6.2% in Eastern European
and Asian countries.

In gastric biopsy samples of humans with
histological evidence of H. heilmannii s.l.
infection, PCR-based techniques detect the fol-
lowing prevalences of the different species:
H. suis: 14–37%; H. felis: 15–49%;
H. bizzozeronii: 4–49%; H. salomonis:
21–49%; andH. heilmannii s.s.: 8–19%. Infec-
tion with multiple H. heilmannii s.l. species or
with H. heilmannii s.l. and H. pylori has been
reported.

• Age
H. heilmannii s.l. has been reported infecting
children and adults. Patients infected with
H. heilmannii s.l. may not have clinical symp-
toms, or present acute or chronic epigastric
pain and nausea. Other nonspecific symptoms
include hematemesis, recurrent dyspepsia,
vomiting, heartburn, and dysphagia, often
accompanied by decreased appetite.

• Sex
H. heilmannii s.l. infection occurs more fre-
quently in males than in females (male to
female ratio 2:1).

• Site
H. heilmannii s.l. infects the stomach. In the
human gastric mucosa, H. heilmannii s.l.
colonization is mainly focal and is most
frequently restricted to the antrum, with con-
current colonization of the corpus/fundus in
only 20–30% of the cases.

• Treatment
In patients that present severe pathology and
clinical symptoms associated with
H. heilmannii s.l. infection, treatment is
indicated. Treatment regimens identical to
those used to eradicate H. pylori infection,
such as the triple therapy using combinations
of a proton pump inhibitor and two antimicro-
bial agents selected from clarithomycin, met-
ronidazole, amoxicillin, and tetracycline, have
been used and were effective in most cases.
However, the efficacy of such treatment is not
easy to determine, as randomized trials are
difficult to organize given the low prevalence
of these infections in humans.

Studies concerning antimicrobial suscepti-
bility and acquired resistance of H. heilmannii
s.l. have been hampered by the very low
number of in vitro isolates available.

• Outcome
H. heilmannii s.l. treatment results in resolu-
tion of the gastritis, healing of duodenal
ulceration, and remission of primary gastric
low-grade MALT lymphoma in the majority
of patients.

Macroscopy

Macroscopic features observed during upper
gastroscopy appear to correlate poorly with
H. heilmannii s.l. status.

Microscopy

In gastric biopsy specimens, H. heilmannii s.l.
appear as long (5–10 mm), spiral-shaped, some-
times tightly coiled, bacteria. Colonization is gen-
erally less dense than that observed for H. pylori
infection. Microorganisms may occur isolated or
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in small groups, located within the mucus layer,
above the surface cells, and in the gastric foveolar
lumen. H. heilmannii s.l. do not show adherence
to the surface cells nor colonize the intercellular
spaces. Ultrastructurally, and in contrast to light
microscopy, H. heilmannii s.l. microorganisms
sometimes appear to be attached to the mem-
branes of the surface cells.

Chronic gastritis in H. heilmannii s.l. infection
presents less severe inflammatory scores than
those observed in H. pylori-associated gastritis.
H. heilmannii s.l.-associated gastritis generally
features lymphocytic exudation into gastric
foveolae. Lymphoid aggregates may be present
in the mucosa. The presence of intracytoplasmic
microorganisms in parietal cells has been
reported.

Immunophenotype

No data is available.

Molecular Features

There is a big lack of knowledge regarding the
main virulence characteristics and the bacterium-
host interactions ofH. heilmannii s.l. that colonize
the human gastric mucosa, owing to the difficul-
ties in obtaining in vitro cultures of this group of
bacterial species.

The genomes of H. felis, H, suis, and
H. bizzozeronii have recently been completed, all
of them containing homologues of genes associ-
ated with colonization and virulence properties of
H. pylori and other bacteria. In addition to com-
plete urease gene clusters, homologues of genes
encoding several outer membrane proteins, the
neutrophil-activating protein NapA, the
g-glutamyl transpeptidase, as well as comB secre-
tion systems required for DNA uptake by natural
transformation, are present in the three genomes.
All of the genomes lack homologues of the H.
pylori cag pathogenicity island, including the
gene encoding the cytotoxin-associated protein
(CagA). The H. suis genome contains an homo-
logue of the H. pylori vacuolating cytotoxin

VacA, and bothH. felis andH. bizzozeronii harbor
homologues of the secreted serine protease HtrA
that cleaves the extracellular domain of
E-cadherin.

Further knowledge on other H. heilmannii s.l.
genomes and the availability of pure isolates will
expedite studies on the pathogenicity of the
different species and facilitate the development
of typing methods.

Differential Diagnosis

H. heilmannii s.l. are weakly stained by hematox-
ylin and eosin, and their structural characteristics
are better observed using the Giemsa, and
the Steiner and Whartin-Starry silver stains.
H. heilmannii s.l. microorganisms may be two to
three times longer and present higher number of
spirals and tighter coils than H. pylori. However,
morphology is not an accurate method for species
identification, as different species may be mor-
phologically very similar and also variation in
morphology within a species may occur.
There are no antibodies available for specific
immunohistochemical detection of H. heilmannii
s.l. Polyclonal anti-H. pylori antibodies show
cross-reactivity with H. heilmannii s.l.

Rapid urease tests performed in the gastric
biopsy specimen may not be sensitive due to the
lower colonization density of H. heilmannii s.l.
compared to that of H. pylori and also do not
allow species identification.

In vitro culture cannot be used as a diagnostic
tool. Only very few laboratories have succeeded
in isolating H. heilmannii s.l. from the stomachs
of cats, dogs, or pigs, andH. bizzozeronii has only
been isolated two times from the human gastric
mucosa.

For conclusive species identification, PCR
with species-specific primers or followed by
sequencing of the urease A and B genes are cur-
rently the most suitable methods, as sequences of
these genes are available for all H. heilmannii s.l.
species. Sequencing of the genes encoding heat
shock protein 60 (hsp60) or gyrase subunit
B (gyrB) may also be useful. Sequencing of the
16S or 23S rRNA-encoding genes is an
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inappropriate tool for the discrimination of
H. heilmannii s.l. species, although it allows
differentiation of H. suis from the rest of the
H. heilmannii s.l species.

Cross-References

▶Chronic Gastritis
▶Helicobacter pylori Infection
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Helicobacter pylori Infection

Ceu Figueiredo
Department of Pathology, Faculty of Medicine of
the University of Porto, Institute of Molecular
Pathology and Immunology of the University
of Porto (IPATIMUP), Porto, Portugal

Synonyms

Campylobacter pylori; Campylobacter pyloridis

Definition

Helicobacter pylori are gram-negative, spiral-
shaped, microaerophilic bacteria that colonize
the human stomach. Although the presence of
bacteria in the human stomach has been known
for more than a century, only about 30 years ago,
H. pylori was successfully isolated and cultured
from a gastric biopsy specimen. This discovery,
together with studies on the implication of
H. pylori as an etiologic agent in gastritis and
peptic ulcer disease, resulted in the awarding of
the 2005 Nobel Prize in Physiology or Medicine
to Barry Marshall and Robin Warren.

Before acquisition of its current name, the
microorganisms were first named “Campylobac-
ter pyloridis,” then “Campylobacter pylori,” and
finally assigned to the genus Helicobacter. Since
the discovery of H. pylori, many new species that
infect human or animal hosts have been described,
and the Helicobacter genus now includes at least
33 formally named species.

H. pylori is a very successful human pathogen
and is considered as the most common chronic
infection in man. H. pylori induces chronic
gastritis in all individuals, a condition that lasts
for life if the infection is not treated. A proportion
of infected individuals may develop clinical dis-
ease, depending onH. pylori strain virulence, host
susceptibility, and environmental factors.

H. pylori is the main etiologic factor of peptic
ulcer disease. These microorganisms are found in
approximately 95% of duodenal and 85% of gas-
tric ulcers. It is estimated that the lifetime risk for
peptic ulcer disease in H. pylori-positive subjects
is three to ten times higher than in H. pylori-
negative subjects, and that 10–15% of H. pylori
infections result in peptic ulcer disease
development.

H. pylori infection causes non-cardia gastric
carcinoma. Data on the geographical associations
between the prevalence of H. pylori and the inci-
dence of gastric carcinoma, the development of
gastric carcinoma in in vivo experimental animal
models of infection, together with a considerable
number of prospective observational studies, both
nested case-control and cohort, provided results
supportive of an association between H. pylori
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infection and non-cardia gastric carcinoma. The
risk for non-cardia gastric carcinoma in the con-
text of H. pylori infection was estimated to be
threefold but more accurate methodologies now
indicate the risk to be at least 20-fold. H. pylori
infection is associated with the two main histolog-
ical types of gastric carcinoma. The development
of intestinal type gastric carcinoma follows
a multistep cascade starting with H. pylori-
induced chronic superficial gastritis through atro-
phic gastritis, intestinal metaplasia, and dysplasia.
At variance, the pathway leading to the diffuse
type gastric carcinoma is less clear, but neverthe-
less preceded by chronic H. pylori-associated
gastritis.

H. pylori also plays an etiological role in gas-
tric MALT lymphoma. The noninfected gastric
mucosa has no MALT tissue and its acquisition
depends upon infection with Helicobacter
species, usually H. pylori (see also
▶Helicobacter heilmannii Infection). Nearly all
low-grade MALT lymphoma patients are infected
with H. pylori.

H. pylori infection has now also been
conclusively linked with the etiology of otherwise
unexplained iron-deficiency anemia and
idiopathic thrombocytopenic purpura (ITP).

Clinical Features

• Incidence
H. pylori infects more than 50% of the popu-
lation worldwide. The prevalence of H. pylori
infection varies widely by geographic area,
ranging from 20% to 50% in developed coun-
tries, to more than 80% in developing coun-
tries. In developed countries, and over recent
decades, the prevalence of H. pylori has sub-
stantially decreased, probably as a result of
improved hygiene and sanitation, and wide-
spread use of antimicrobials for treatment of
other common infections, especially during
childhood. In developing countries, the preva-
lence of H. pylori infection has remained rela-
tively stable.

The exact mechanisms by whichH. pylori is
acquired are largely unknown, but direct

person-to-person transmission is the most
likely transmission route, via either oral-oral
or fecal-oral routes or both.

The best established risk factor forH. pylori
infection is low socioeconomic status, and fac-
tors, such as education, income, hygienic con-
ditions, household crowding, and the number
of young children in the household, contribute
to the inverse relation between H. pylori prev-
alence and socioeconomic status.

• Age
H. pylori infection is mostly acquired during
childhood. Prevalence rates differ by age,
being highest in the older age groups. In devel-
oped countries, the prevalence of H. pylori is
low early in childhood and slowly rises with
increasing age. This increase does not result
from H. pylori acquisition at later ages, but
reflects a decrease in infection rates in child-
hood in successive birth cohorts over the past
decades in these countries. In developing coun-
tries,H. pylori infection rates rise rapidly in the
first years of life and persist constantly high
throughout adulthood.

• Sex
There are no significant gender differences in
the prevalence of H. pylori infection in most
studies. Some studies however point to a weak
male predominance of the infection in adults.

• Site
H. pylori infects the gastric mucosa. In the
stomach, H. pylori colonizes both the antrum
and the corpus. In conditions that decrease the
number or inhibit the function of acid-secreting
parietal cells, H. pylori may be observed pre-
dominantly colonizing the corpus.

• Treatment
Guidelines published in Europe and North
America recommend therapeutic regimens
that achieve H. pylori cure rates >80% in an
intention-to-treat basis. The triple therapy
including a proton pump inhibitor (PPI) and
two antibiotics (clarithromycin plus amoxicil-
lin or metronidazole), and which had been
recommended by all the consensus confer-
ences worldwide, is now less efficacious and
achieves cure rates of only about 70% of the
patients. One of the most important reasons
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underlying the decrease in efficacy of the stan-
dard triple therapy is the increase in H. pylori
resistance to clarithromycin. The overall
clarithromycin resistance rate increased in
most parts of Europe in the last decade, and
has reached a high prevalence (>20%) in the
majority of Central, Western, and Southern
European countries. In Northern European
countries, clarithromycin resistance is <10%,
which is considered a low resistance rate. Tak-
ing these findings into account, the Maastricht
IV/Florence Consensus Report on the manage-
ment of H. pylori infection recommends that
the treatment regimen should be selected
according to areas of low and high
clarithromycin resistance.

In areas of low clarithromycin resistance,
the standard PPI-clarithromycin-containing
regimen is still recommended as the first-line
treatment. Bismuth-containing quadruple
treatment is also an alternative. However, in
areas of high clarithromycin resistance,
bismuth-containing quadruple therapies
(containing bismuth salts, PPI, tetracycline,
and metronidazole) are recommended for
first-line treatment. If bismuth drugs are not
available, a non-bismuth quadruple treatment
(either sequential, using a PPI and
amoxicillin for 5 days followed by a PPI with
clarithromycin and metronidazole for the next
5 days, or “concomitant”) is recommended.

To evaluate the success of eradication treat-
ment, both the urea breath test (UBT) and
laboratory-based validated monoclonal stool
tests are recommended as noninvasive tests
(see section “Differential Diagnosis”).

• Outcome
Eradication of H. pylori leads to peptic ulcer
healing and reduces the risk of ulcer recur-
rence. It also reduces the recurrence of
bleeding ulcers in those patients in whom the
ulcer bleeding was due to H. pylori infection.

H. pylori eradication may decrease the risk
for development of non-cardia gastric carci-
noma, especially in patients without precancer-
ous conditions such as atrophic gastritis and

intestinal metaplasia. While there is no evi-
dence that H. pylori eradication can lead to
regression of intestinal metaplasia, the same
is not necessarily true for gastric atrophy.

Complete remission of low-grade MALT
lymphoma is achieved in 60–80% of patients
following H. pylori eradication. Over 10% of
those who initially reach complete remission
show recurrent disease during further
follow-up. In cases with the translocation
t(11;18) leading to AP-12-MALT-1 fusion,
H. pylori eradication is usually ineffective.

Macroscopy

Macroscopic features observed during endoscopy
correlate poorly with H. pylori status.

Microscopy

In gastric biopsy specimens, H. pylori appear as
curved or S-shaped bacilli (2.5–4 mm long and
0.5–1-mm wide). H. pylori can be observed free
in the mucus layer, adhering to mucous cells, and
in the intercellular spaces. The presence of intra-
cellular microorganisms has been reported in
a low number of cases. H. pylori may be present
on gastric metaplastic cells outside the stomach,
and although it does not colonize intestinal
metaplasia, it can be seen adhering to areas of
incomplete intestinal metaplasia. H. pylori may
sometimes be observed assuming coccoid shapes.

The acute phase of H. pylori infection is rarely
observed in gastric biopsy specimens. The
chronic phase of the infection shows infiltration
of the lamina propria with lymphocytes,
plasma cells, and neutrophils. Neutrophils can
also be seen permeating the foveolar epithelium,
characterizing an active phase of the gastritis. In
some cases of active H. pylori chronic gastritis,
surface epithelial damage, mucous depletion, and
erosions are observed. Lymphoid follicles are fre-
quently present associated with H. pylori
infection.
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Immunophenotype

The systemic immune response to H. pylori
shows an initial increase of the immunoglobulin
M (IgM), followed by the rise of IgG and IgA
specific antibody levels in serum. IgG is the
predominant immunoglobulin class in H. pylori
infection, being present in virtually all infected
cases in the serum and at the mucosal level.
IgM and IgA have little diagnostic utility in
H. pylori infection. IgM is infrequently
observed, as samples from the acute phase of
H. pylori infection are rarely available. IgA is
also elevated in the majority but not in all of the
infected cases.

Antibodies anti-CagA, a highly immunogenic
virulence-associated H. pylori protein, can be
detected in the serum of patients infected with
CagA-positive strains (please see section “Molec-
ular Features”).

After H. pylori eradication and in cases where
H. pylorimay no longer be present in the stomach,
such as advanced gastric atrophy and gastric car-
cinoma, antibodies against H. pylori, especially
against CagA, remain elevated and may take
months or years before returning to baseline
values.

Molecular Features

Differential pathogenic properties of H. pylori
strains contribute to the discrepancy between the
number of infected individuals and those that end
up developing disease. H. pylori are genetically
highly diverse bacteria. Among bacteria virulence
factors that display genetic variation between
strains and that are associated with the clinical
outcomes of the infection, CagA and VacA are
the most important.

CagA is present in about 60–70% of strains
and is a marker for the presence of the cag path-
ogenicity island. This pathogenicity island
encodes a type IV secretion system that allows
the translocation of CagA into the host cells.
CagA can activate multiple host signaling

pathways leading to cell proliferation, cytoskele-
tal rearrangements, and disruption of cell-cell
junctions. Transgenic expression of CagA was
shown to lead to gastric carcinoma in mice.

CagA-positive strains increase the risk for pep-
tic ulcer disease and for gastric carcinoma, and are
more frequently found in patients with higher
inflammatory scores, surface epithelial damage,
gastric atrophy, and intestinal metaplasia, in com-
parison with CagA-negative strains. This holds
true in Western populations but not in Asian
populations, where almost all H. pylori strains
are CagA-positive.

After translocation into the host cells, CagA
can be phosphorylated at tyrosine residues in
Glu-Pro-Ile-Tyr-Ala (EPIYA) amino acid
motifs at the polymorphic carboxyl-terminus
of the protein. Four different EPIYA motifs
(A, B, C, and D) exist and can be present as
repeats. H. pylori strains with high number of
EPIYA-C motifs in the CagA protein are asso-
ciated with increased risk for gastric atrophy,
intestinal metaplasia, and gastric carcinoma,
but not with duodenal ulcer.

VacA is a H. pylori toxin with multiple cellular
activities. In mice, the administration of purified
VacA induces gastric epithelial erosions, and
in vitro the addition of VacA to epithelial cells
results in cell vacuolation, membrane channel for-
mation, disruption of endosomal/lysosomal func-
tion, and apoptosis.

The gene encoding VacA is present in all
H. pylori strains, but is polymorphic and varies
more significantly in the signal (s)-, the interme-
diate (i)-, and the mid (m)-regions, each with two
major types. Infections with the more virulent
vacA s1, i1, and m1 strains increase the risk for
peptic ulcer disease and for gastric carcinoma,
when compared with the less virulent vacA s2,
i2, and m2 strains. The more virulent strains are
frequently found associated with higher levels of
inflammation, epithelial damage, gastric atrophy,
and intestinal metaplasia. In East Asia, the great
majority of H. pylori strains are vacA s1, i1, and
m1, and are not associated with any particular
clinical outcome.
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When genotypes of CagA and VacA are com-
bined with certain host genetic polymorphisms
affecting the expression of pro-inflammatory
cytokines important in the context of H. pylori
infection, such as the interleukin-1b, the risk for
gastric carcinoma may markedly increase.

Although the pathogenic properties of strains
influence the outcome of H. pylori infection, no
specific bacterial virulence markers are currently
recommended for clinical practice.

Differential Diagnosis

Different invasive and noninvasive tests can be
used for the diagnosis of H. pylori, each with
specific advantages and disadvantages. Invasive
methods require an endoscopy and the collection
of gastric biopsy specimens for histology, culture,
urease test, or molecular methods, whereas non-
invasive tests are based on peripheral specimens,
such as blood, breath, or stools for detection of
antibodies, bacterial antigens, or urease activity.
The choice of a specific test for an individual
patient depends on the clinical setting. For routine
diagnostic purposes, histology, urea breath test,
and culture are currently most often used.

For histological detection of H. pylori,
conventional hematoxylin and eosin stain is not
well-suited because of the weak contrast between
the bacteria and the mucus, and may be particu-
larly difficult in cases with low colonization
density. The modified Giemsa, as well as silver
stains, such as the Warthin-Starry, facilitate the
detection. Immunohistochemistry with specific
anti-H. pylori antibodies increases sensitivity
and specificity. Sensitivity also increases from
the observation of multiple biopsy specimens in
the antrum and corpus.

Culture of H. pylori from a gastric biopsy
specimen is another method used to diagnose
this infection. H. pylori is a fastidious microor-
ganism and requires complex growth media, often
supplemented with blood or serum, microaerobic
conditions, and an optimum temperature of 37 �C.
H. pylori can be identified as small (�1 mm),
round, and smooth colonies, that are oxidase,

catalase, and urease positive, observed after 3–4
days after plating the biopsy specimen. In the case
of negative culture, a 7–10 day incubation is
recommended to ensure that the result is negative.
Culture is time-consuming, requires expertise,
and is not always successful, but has the advan-
tage of allowing further antimicrobial susceptibil-
ity testing and bacteria typing.

The urease test allows the detection of
H. pylori urease activity in gastric biopsy speci-
mens. The introduction into a urea-rich medium of
an infected biopsy results in the breakdown of
urea into carbon dioxide and ammonia by the
action of H. pylori urease. The increase in
pH induced by the production of ammonia is
reported by a pH indicator that changes the color
of the medium, therefore indicating a positive
infection.

Molecular approaches, such as polymerase
chain reaction (PCR)-based methods, can be
used directly in frozen or formalin-fixed
paraffin-embedded gastric biopsy specimens, or
in cultured bacteria isolates. For detection of
H. pylori, and due to significant genetic diversity
between strains, it is recommended that primers
are directed to conserved areas of conserved bac-
terial genes. Sensitivity and specificity can be
increased by probe hybridization methods after
the PCR. PCR-based methods have the advantage
of not only detecting, but also quantifying
H. pylori, characterizing genes relevant to patho-
genesis, as well as specific mutations associated
with antimicrobial resistance.

Regarding noninvasive methods for H. pylori
detection, the urea breath test (UBT) using 13C
urea is considered the best test due to its high
accuracy and easiness to perform. It consists of
the ingestion of 13C labeled urea by the patient,
which is hydrolyzed by H. pylori urease if the
microorganism is present in the stomach. The
labeled CO2 is then absorbed by the blood and
exhaled in expired air, which does not occur if the
patient is not infected.

The stool antigen test (SAT) aims at the detec-
tion of H. pylori antigens in stool specimens. For
using this test, the recommendation is to use an
ELISA format with monoclonal antibodies, which
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provides a high accuracy both for initial and post-
treatment diagnosis of H. pylori.

Serology can also be used to diagnoseH. pylori
infection and only validated commercial IgG
ELISA tests should be used.

There are specific clinical settings in which
awareness should be taken in the choice of
the diagnostic tests. In patients treated with PPIs,
the decrease in bacterial load, especially in the
antrum, may cause false-negative results of his-
tology, culture, urease test, UBT, or SAT, with the
exception of serology. In these patients, if possi-
ble, PPI should be stopped for 2 weeks before
testing.

Decisively, to determine the success of
H. pylori eradication, both the UBT and validated
monoclonal SATs are recommended as noninva-
sive tests. There is no role for serology in
evaluating H. pylori eradication treatment.

Cross-References

▶Adenocarcinoma, Upper Gastrointestinal Tract
▶Chronic Gastritis
▶ Peptic Ulcer
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Hemorrhoids

Gabriel Becheanu
Department of Pathology, Fundeni Clinical
Institute, Carol Davila University ofMedicine and
Pharmacy, Bucharest, Romania

Synonyms

Anal cushions; Piles

Definition

Hemorrhoids or anal cushions are anatomical struc-
tures located in the distal portion of the rectum and
the anus, composed of a network of vascular chan-
nels without muscular wall (sinusoids), elastic and
connective tissue, and smooth muscle fibers (sub-
mucosal Trietz’s muscle). The term “hemorrhoids”
is currently not used for a pathological state and
represents a normal feature of the anal region with
a role in maintaining the anal canal closed and
contributing to fecal continence.

Anal cushions become pathological when
abnormal changes like swelling and inflammation
(sometimes followed by hemorrhage and throm-
bosis) take place.

Internal hemorrhoids have their origins in the
superior hemorrhoid plexus of the lower part
of the rectum, while external hemorrhoids are
located under the anorectal line or dentate line.

Symptomatic hemorrhoids are caused by
increased intra-abdominal pressure such as that
occurring in the straining of bowel movements,
constipation or diarrhea, long-lasting sitting posi-
tion, and different conditions such as pregnancy,
chronic liver disease with ascites, or abdominal
masses (Schubert et al. 2009). There is also evi-
dence of a high resting sphincter pressure in
patients with hemorrhoidal disease, which could
affect the venous drainage of vascular structures.
A host of other factors are believed to play an
important role: low-fiber intake, lack of exercise,
aging, obesity. There is no clear evidence of
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hereditary predisposition, but pathogenesis seems
to be related to degenerative changes in the colla-
gen structure of the vessels or supporting stroma,
features which could have a genetic inheritance
substrate.

Hemorrhoids are often presented as a type of
varices or varicosities, but hemorrhoids and rectal
varices are two separate conditions. Portal hyper-
tension is not associated with hemorrhoidal pres-
ence, while rectal varices, which appear in these
patients, are different entities defined as
a collateral venous circulation.

Clinical Features

• Incidence
Symptomatic hemorrhoids are common in
adult persons, with an increased prevalence in
the third decade of life. Epidemiological sur-
veys indicate that hemorrhoidal disease affects
between 5% and 36% of the general popula-
tion, but the real incidence is thought to be hard
to appreciate, because most people avoid med-
ical examination.

• Age
Hemorrhoids usually become abnormal in
middle aged adults, with a peak between 45
and 65 years of age.

• Sex
Both sexes are affected by this condition with
a predilection for Caucasians and for people
with high socioeconomic life conditions, the
latter possibly related to their facile access to
medical care.

• Site
There are two types of hemorrhoids:
internal – located above the dentate line, cov-
ered by rectal mucosa, and external – located
under the dentate line and covered by anal skin.
In the anal canal, they are typically situated in
three regions: left lateral, right anterior, and
right posterior position, but minor hemorrhoidal
additional tissue can be found between these
spaces. Anal cushions are important structures
for continence and become pathological when
they are exposed to high intra-abdominal pres-
sure for long periods of time.

The vascular structures grow to be engorged
and prolapse together with the connective tis-
sue. Some physicians suggest that rectal muco-
sal prolapse is a part of hemorrhoidal disease,
while others consider this a distinct pathology.

• Symptoms
Symptoms depend on the type and condition of
the vascular structures involved. The most fre-
quent symptom of internal hemorrhoids is
painless rectal bleeding (due to their visceral
innervation). The blood is of the “bright red”
well-oxygenated type, comes at the end of
bowel movements, and usually covers the
fecal stool. External hemorrhoids, which are
very well innervated with somatic nerves, usu-
ally become painful when exposed to high or
low temperatures, thrombosed, strangulated, or
when anal fissure is present. Bleeding from
hemorrhoids is not so significant and rarely
determines anemia, which, when present,
should further be investigated. External hem-
orrhoids are sometimes associated with dis-
comfort, irritation of the surrounding area
(due to discharge of mucus), itchiness, and
acute pain.

• Treatment
Conservative treatment consists in: increased
fiber intake, adequate hydration, and rest.
Sitz bath and topical agents are considered to
have a limited effect, and there is lack of
evidence for their help. Oral drugs like
flavonoid fraction are used for increasing the
vascular tonus, lymphatic drainage, and
capillary perfusion and resistance; nonsteroidal
anti-inflammatory drugs help reduce inflam-
mation and pain.

Other useful simple procedures are rubber
band ligation, sclerotherapy, infrared coagula-
tion, diathermy, and laser therapy. Surgical
hemorrhoidectomy is indicated only in cases
where conservative management and simple
techniques have failed, and is associated with
some degree of complications like bleeding,
anal strictures, infections, and urinary
retention.

• Outcome
The outcome in the long term is generally good
with conservative treatment, but some persons
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may have recurrence of symptoms. Surgical
treatment is reserved only for cases where
other procedures were unsuccessful, not toler-
ated, or in the final grades III–IV of mixed
internal-external hemorrhoids.

Macroscopy

Internal pathologic hemorrhoids are swollen cush-
ions located proximal to the dentate line (pectinate
line) covered by rectal or transitional mucosa,
while external anal cushions appear as blue or
purple mucosal bulges or polyps lined by skin.
On gross section, they present as vascular dilated
spaces with thrombi, inside of a tissular area.

Internal hemorrhoids are graded using
Goligher’s classification according to their degree
of prolapse and possibility of reduction:

Grade I – Protrusion inside of the anal canal but no
prolapse

Grade II – Prolapse behind the external sphincter
during defecation with spontaneous reduction

Grade III – Prolapse with manual reduction
Grade IV – Prolapsed and non-reducible

The grade of hemorrhoids is an important
selection criterion for treatment choice, usually
irreducibility being an indication for surgery;
however, other symptoms like frequent bleeding,
size, and discomfort should be taken into
consideration when establishing the type of ther-
apeutic procedure. Hemorrhoids in the acute
thrombosis phase and incarcerated masses are
also considered grade IV according to AGA
(American Gastroenterological Association)
criteria. Together with an increase in the availabil-
ity of endoscopy, different endoscopical
classification systems have been developed,
which are correlated with the symptoms of
hemorrhoidal disease.

Microscopy

Histologically, hemorrhoids are composed of con-
nective tissue stroma which contains dilated

vascular structures in the submucosa with
different diameters (Fig. 1), frequently with
inflammation of vascular wall, with ulceration
and thrombosis, and often with hemorrhage
extended in the surrounding tissue.

Internal hemorrhoids are covered by columnar
epithelium or a transitional epithelium (close to
the dentate line), while external hemorrhoids are
lined by squamous epithelium of anoderm and
external anal skin.

The stroma may show fibromuscular hyperpla-
sia, fragmentation of the anal subepithelial muscle
fibers, or elastic fiber proliferation, with a chronic
inflammatory background composed of mast
cells, lymphocytes, and plasmocytes. Regenera-
tive changes may be present such as metaplasia of
the rectal mucosa or keratotic reactions. Dysplasia
has occasionally been discovered in the rectal
mucosa and anal area associated with hemor-
rhoidal tissue, without evidence for a direct corre-
lation. Human papilloma virus (HPV) infection
was confirmed in most of the cases with squamous
changes.

Immunophenotype

In the mucosal and submucosal layers of
pathological anal cushions, different immuno-
histochemistry studies revealed an increased
expression of some markers responsible for

Hemorrhoids, Fig. 1 Hemorrhoids with dilated vascular
structures, thrombosis, and chronic inflammation, H&E
stain
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differentiation and vascular development like:
endoglin (CD105), EGFR, VEGF, COX-2, and
notch-3.

Hemorrhoidal masses express some positive
CD34 stroma cells, involved in repair and over-
growth, but their number is higher in anal
fibroepithelial polyps, lesions which resemble
hemorrhoids.

Molecular Features

Some mediators were studied as being involved
in mechanisms as angiogenesis, inflammation,
and tissue degeneration that determine hemor-
rhoidal disease. Researches revealed that matrix
metalloproteinase-2 and -9 (MMP-2, MMP-9),
enzymes with a role in degradation of extracel-
lular proteins, were activated and overexpressed
in hemorrhoidal tissue and could be responsible
for elastin and collagen degeneration. Other
studies have shown that endoglin (CD105),
a cell membrane glycoprotein, VEGF (vascular
endothelial growth factor), EGFR (epidermal
growth factor receptor) and notch-3 (marker of
vascular differentiation), involved in stromal
blood vessel development, are highly expressed
in symptomatic hemorrhoids and are possibly
related to the increase in microvascular density,
especially in areas of thrombosis. Also the high
expression of NOS (nitric oxide synthase) and
COX-2 present in hemorrhoidal pathologic tis-
sue supports the implication of inflammatory
mechanisms in the pathogenesis of this condi-
tion. Further studies are necessary to elucidate all
of the processes involved in the development of
piles.

Differential Diagnosis

Several different lesions with symptoms that
mimic hemorrhoids can appear in the anal region:
fistulas, fissures, abscesses, different masses (rec-
tal or anal polyps, anal warts, carcinoma, mela-
noma, anal fibroepithelial polyps), inflammatory
bowel diseases (perianal Crohn’s disease), rectal
prolapse.

Some authors consider fibrous anal polyps
(fibroepithelial polyps) an end stage of
thrombosed hemorrhoids despite the lack evi-
dence for remnant vessels or signs of previous
hemorrhages.
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Hernias

Gabriel Becheanu
Department of Pathology, Fundeni Clinical
Institute, Carola Davila University of Medicine
and Pharmacy, Bucharest, Romania

Synonyms

Herniation; Rupture or break of the wall

Definition

Hernia represents a protrusion of an internal part of
the body (organ or tissue) through a weakness in the
muscular wall or in the surrounding tissue. The
most common hernias are in the abdomen. Hernia
could be congenital (as in umbilical hernia) or
acquired when the pressure in the abdominal com-
partment is increased by different factors such as:
heavy weight lifting, excessive coughing, chronic
constipation, pregnancy, ascites, or obesity. Also
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the weakness of the membranes or muscular wall
could be involved like in poor nutrition, losing
weight, scars, or posttraumatic situations.

Study of thoraco-abdominal diaphragm reveals
a volume reduction of the diaphragmatic muscle
fibers with vasodilatation, perivascular inflamma-
tion, and an increase of interstitial space which
appears edematous with hemorrhagias, especially
in the crura muscular portion. Quantitative analy-
sis suggests loss of elasticity and reduced func-
tional capacity of diaphragm muscle.

Another research that focused on inguinal her-
nia observed that the mean diameter of the fascia
lata fibers is decreased in the group of patients as
compared with healthy controls, suggesting
a multietiological connective tissue pathology
involved in hernia pathogenesis. A chaotic
arrangement of collagen fibers was discovered
together with decreasing of elastic component in
the tissue specimens from rectus muscle sheath in
patients with inguinal hernia. Different researches
confirm the fact that hernia formation and recur-
rence is associated with alteration of collagen
metabolism. This change is manifested by
a decreased type I: III collagen ratio with predom-
inance of immature type III that contributes to
a decrease of fiber strength.

Clinical Features

• Incidence
The most common type encountered is ingui-
nal hernia (up to 75% of all abdominal
hernias).

Congenital diaphragmatic hernia affects
approximately 1:3,000 newborns and in almost
50% of cases is associated with other genetic
anomalies.

• Age
Hiatus hernia increases in incidence with age,
more than 60% of patients being older than 50.

Congenital umbilical hernia is a birth
defect, usually in premature or low-weight
birth newborn.

Femoral hernias are more frequently
encountered in adults than in children (usually
before 1 year old).

• Sex
Inguinal hernias are more common in men than
in women, while femoral hernias are predom-
inantly developed in women because of the
larger bone structure of the pelvis. In children,
almost 90% of inguinal hernias are encoun-
tered in boys.

Femoral hernias usually appear in multipa-
rous women because of the frequently high
abdominal pressure which enlarges the femoral
ring.

Umbilical hernia is more often seen in
African-American females and in premature
babies.

• Site
According to their site, hernias can be divided
in different types.

Hiatal hernia develops when the superior
part of the stomach protrudes through a defect
of the diaphragm in the mediastinum. It is part
of diaphragmatic hernia which can involve also
the intestine. Two types are described: sliding
hiatus hernia (95%) when stomach and esoph-
ageal sphincter with few centimeters of the
esophagus moves up through the hiatus and
para-esophageal or rolling hiatus hernia
when only the fundus of the stomach pushes
up through the diaphragmatic hiatus while the
esophago-gastric junction remains fixed.

Epigastric hernia is a hernia above the
umbilicus, through the linea alba.

Congenital diaphragmatic hernia
involves a failure in closure of the
pleuroperitoneal canals between the eighth
and tenth weeks of pregnancy.

Umbilical hernia is a hernia presenting in
the umbilical site. It can occur as a congenital
malformation in the newborn but can also be
acquired in adult life as a consequence of an
increased abdominal pressure in obesity,
chronic coughing, or multiple pregnancies.

Paraumbilical hernia appears in adults
and involves a defect in the midline, near the
umbilicus.

Spigelian hernia or latero-ventral hernia is
a protrusion through an aponeurotic part of the
transverse muscle of the abdomen (Spigelian
fascia) usually on the right side. It may contain
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an intestinal part or an empty sac and because it
is interparietal, often it is hard to detect as
swelling.

Inguinal hernia – abdominal content pro-
trudes in the inguinal canal – direct or
indirect – depends on its relationship with infe-
rior epigastric vessels. Direct hernia protrudes
through a weak point in the fascia of the
abdominal wall and is located medial of the
inferior epigastric vessels. Indirect inguinal
hernia passes through the inguinal ring and is
in a lateral relationship with vessels.

Femoral hernia – abdominal content enters
the femoral canal below the inguinal ligament.

• Treatment
The clinical presentation of the hernia deter-
mines the intervention.

A reducible hernia can be pushed inside of
the cavity, spontaneous or manual. Usually is
painless and does not require surgery. An irre-
ducible hernia is blocked and painful.

An obstructive hernia involves a part of the
intestine which is incarcerated in the hole with
obstruction of the lumen, with pain and vomiting.

A strangulated hernia blocks the blood of
the organ which is protruded and when it is
abdominal, it involves severe pain, nausea, and
vomiting. This type of evolution is more com-
mon in femoral, spigelian, and inguinal hernia,
because the hole could become small. It is
considered an emergency, and surgery is an
immediate option.

The umbilical hernias, even when they are
large, usually are spontaneously resolved until
2–3 years age of life. For a small hernia
(<2 cm), reducible and asymptomatic, usually
no surgical intervention is necessary. Femoral
hernia usually requires surgical intervention.
Hiatus hernia can progress with severe compli-
cation (ischemia, necrosis, and breathing prob-
lems) if it is not surgically treated.

Treatment methods involve open surgery or
laparoscopic techniques, muscle strengthening
techniques like mesh prothesis placed over or
under the defect.

• Outcome
The size of the hernia base is very important
because of the risk of strangulation. An

incarcerated hernia with gangrene has a great
mortality rate, and evolution depends on how
much the bowel is affected.

The hiatus hernia could become compli-
cated with gastroesophageal reflux disease,
with esophagitis (Fig. 1) and rolling hernia
can lead to obstruction of the gastrointestinal
tract. A very large hernia in the mediastinum
can push the pulmonary tissue and cause dys-
function of breathing.

Hernia recurrence represents the most fre-
quent complication after repair and can appear
in 2–3 years, usually following open surgery.

Macroscopy

In a strangulated abdominal hernia, necrosis and
gangrene of the organ wall are the most important
complications. Gangrenous segment present a
dusty green to black color of the serosa. Some-
times only one side of the bowel wall can be
trapped in the hernia, leading to ischemia
and followed by perforation without
obstruction – Richter’s hernia – named after
August Gottlieb Richter, a German surgeon.

Microscopy

Study of the herniated organ revealed an infarcted
wall, with necrosis, hemorrhage and covered by

Hernias, Fig. 1 Hiatus hernia with reflux
esophagitis – endoscopic view
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fibrinous exudate. A diffuse fibrohyaline degen-
eration and fatty replacement of the muscular
structures, inflammatory infiltrate, and hyperemia
of the muscular frame with vascular congestion
were described in the structures around the her-
nias. Edema, degenerative fibrosis, and atrophy of
the nervous structures from the abdominal wall
were also observed. Lesions graduate from partial
mucosal necrosis of the intestinal wall with dilated
vessels in first stages of reducible hernia, to trans-
mural hemorrhagic infarction sometimes with
intravascular thrombosis or vasculitis, in the
strangulated hernia. In irreducible hernia the con-
tent of the sac become adherent to internal perito-
neal wall due to a chronic inflammation.

Molecular Features

In abdominal hernias, an abnormal meta-
lloproteinase (MMP) expression, especially
MMP-1, MMP-2, MMP-9, and MMP-13, and an
imbalance with their endogenous tissue inhibitors
(TIMPs) has strongly correlated with direct
abdominal hernia and recurrence. Some genetic
alterations were discovered in children with
congenital diaphragmatic hernia as haploinsuf-
ficiency of ZFPM2 with inherited deletions on
some chromosomes. Other studies revealed the
hypothesis that a disruption of the retinoid-
signaling pathway may be involved in this hernia
development.

Differential Diagnosis

Hernias must be differentiated from some abdom-
inal wall diseases such as tumors (lipomas, hem-
angiomas, fibromas, metastases from lung and
pancreatic tumors, desmoid tumors), hematomas,
eventrations, enlarged abdominal vessels (in cir-
rhosis) and lymph nodes. Ingunial hernias should
be clearly separated from undescended testicles,
abdominal aneurysm, abscesses, hydrocele,
lymphoma, while femoral hernia is different
from large dilated varicose vein (saphena varix),
cysts, abscess and lymph nodes, epididymitis, and
testicular torsion. Hiatal hernia is important to be

recognized and differentiated by similar symp-
toms related to angina pectoris, GERD (gastro-
esophageal reflux disease), pneumonia, gastric
obstruction or atonia, esophageal motility disor-
ders. Umbilical hernia should not be confused
with omphalocele (exomphalos) that result from
a defect of the umbilicus insertion and it is not
covered by skin.
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Hiatus Hernia, Acquired,
Paraesophageal (Rolling)

Ana Lagos, Miguel Serrano and
Susana Mão de Ferro
Department of Gastroenterology, IPOLFG,
E.P.E., Lisbon, Portugal

Synonyms

Hiatal hernia; Rolling hiatus hernia; Type II hiatus
hernia

Definition

A hernia is a protrusion of the abdominal cavity
beyond its fascial or muscular walls through
fascial or muscular openings or defects.
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The distal end of the esophagus, which is nor-
mally located in the abdominal cavity, is anchored
to the diaphragm by the phrenoesophageal mem-
brane, formed by the fused endothoracic and
endoabdominal fascia. This elastic membrane
inserts circumferentially into the esophageal
musculature, very close to the squamocolumnar
junction which resides within the diaphragmatic
hiatus. However, these attachments are not
firm and a limited longitudinal movement of
the esophagus may still occur without alteration
of the normal anatomy of the diaphragmatic
hiatus.

In hiatal hernia, the upper portion of the stom-
ach (rarely, the entire stomach, a segment of the
colon, or the spleen) herniates through the esoph-
ageal hiatus of the diaphragm into the thorax.

Depending on the degree of failure of the
anchoring mechanisms and the diameter of the
hiatus, several type of herniation may occur. The
most comprehensive classification scheme recog-
nizes four types of hiatal hernia based on the
location of the gastroesophageal junction (GEJ)
and the hernia sac contents. Type I or sliding
hiatus hernia (SHH) accounts for more than 95%
of cases, while the remainder are paraesophageal
(type II) or mixed (type III or IV).

Risk factors for the development of hiatus her-
nia include all the conditions that increase abdom-
inal pressure, such as heavy lifting or bending
over, frequent or hard coughing, hard sneezing,
pregnancy and delivery, violent vomiting,
straining with constipation, and obesity. Smoking,
drug use (e.g., cocaine), and diaphragm weakness
are also another risk factors.

SHH occurs when the GEJ and some portion of
the stomach are displaced above the diaphragm.
The orientation of the stomach axis is unchanged.
The etiology of sliding hiatal hernias is not
known, but there are instances in which trauma,
congenital malformation, and iatrogenic factors
can be clearly implicated. This type of hernia is
characterized by widening of the muscular hiatal
tunnel and circumferential laxity of the
phrenoesophageal membrane, allowing a portion
of the gastric cardia to herniate upward. The
phrenoesophageal membrane remains intact and
the hernia is contained within the posterior

mediastinum. Most sliding hiatal hernias are
small and of little clinical significance.

Hiatal hernias that are larger than 2 cm in axial
span can be diagnosed easily by barium swallow
radiography, endoscopy, or esophageal manome-
try (Figs. 1 and 2). By contrast, endoscopy and
radiography are much less accurate for defining
smaller hernias. Many patients with small simple
sliding hiatal hernias are asymptomatic. The main
clinical significance of the SHH is its contribution
to gastroesophageal reflux disease. Type I hiatus
hernia impacts on reflux both by affecting the
competence of the GEJ in preventing reflux and
in compromising the process of esophageal acid
clearance once reflux has occurred. The likelihood
of symptomatic gastroesophageal reflux increases
with the size of the hiatal hernia. It is rare for
complications other than reflux to occur as
a result of a type I hiatal hernia. In addition to
heartburn and regurgitation, patients with large
sliding hiatal hernias may complain of dysphagia
or discomfort in the chest or upper abdomen.

Hiatus Hernia, Acquired, Paraesophageal (Rolling),
Fig. 1 Barium swallow radiography reveals
a paraesophageal hernia
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Ulcers or linear erosions (Cameron lesions)
may develop in patients with sliding hiatal her-
nias, particularly large hernias. These mucosal
lesions are usually found on the lesser curve of
the stomach at the level of the diaphragmatic
hiatus. Mechanical trauma, ischemia, and peptic
injury have been proposed as the etiology of these
lesions. The prevalence of Cameron ulcers among
patients with hiatal hernias who undergo endos-
copy has been reported to be about 5%, with the
highest prevalence in the largest hernias. Cameron
ulcers may cause acute or chronic upper gastroin-
testinal bleeding.

The paraesophageal hernia is defined by the
protrusion of the stomach through the esophageal
hiatus alongside the esophagus. The gastroesoph-
ageal junction typically remains in a normal posi-
tion at the level of the diaphragm because there is
preservation of the posterior phrenoesophageal
ligament with normal anchoring of the gastro-
esophageal junction. Type II hernia results from
a localized defect in the phrenoesophageal mem-
brane, while the GEJ remains fixed to the preaortic
fascia and the median arcuate ligament. Thus, the
gastric fundus serves as the leading point of her-
niation. Either as cause or effect, paraesophageal
hernias are associated with abnormal laxity of
structures normally preventing displacement of

the stomach – the gastrosplenic and gastrocolic
ligaments. Frequently, the herniation is progres-
sive with migration of increasing amounts of the
stomach into the chest. Since the greater curvature
always protrude first, large herniations result in an
inversion of the stomach with its greater curvature
lying uppermost. In extreme cases, the entire
stomach may enter the thorax and present as an
“upside down stomach.” This unusual condition is
identical to an organoaxial volvulus in which the
stomach has twisted along its longitudinal axis.

Although their etiology is usually unclear,
paraesophageal hernias are a recognized compli-
cation of surgical dissection of the hiatus as occurs
during antireflux procedures, esophagomyotomy,
or partial gastrectomy.

Types III and IV hiatal hernias are variants of
the type II (purely paraesophageal) hernia. Type
III hernias have elements of both types I and II.
With progressive enlargement of the hernia
through the hiatus, the phrenoesophageal mem-
brane stretches, displacing the GEJ above the
diaphragm, thereby adding a sliding element to
the type II hernia. Type IV hiatus hernia is asso-
ciated with a large defect in the phrenoesophageal
membrane, allowing other organs, such as the
colon, spleen, pancreas, and small intestine, to
enter the hernia sac.

Patients with paraesophageal or mixed hiatal
hernias are rarely completely asymptomatic but
can be diagnosed incidentally when the chest
X-ray reveals an air-fluid level in the mediastinum
or the left chest. Almost half of the patients with
this type of hernia have symptoms related to gas-
troesophageal reflux. Esophageal complication
are rare; however, a hiatal hernia may be respon-
sible for intermittent bleeding from associated
esophagitis, Cameron ulcers, or a discrete esoph-
ageal ulcer, leading to iron deficiency. The preva-
lence of large hiatal hernias in patients with iron
deficiency is 6–7%. Nonesophageal complica-
tions are also rare; incarceration of a hiatal hernia
is observed only with paraesophageal hernia.
When this occurs, it can present abruptly, with
a sudden onset of vomiting and pain, sometimes
requiring immediate surgery.

Paraesophageal hiatus hernia can be diagnosed
on a chest radiograph as an abnormal soft tissue

Hiatus Hernia, Acquired, Paraesophageal (Rolling),
Fig. 2 CT reveals a large paraesophageal hernia

Hiatus Hernia, Acquired, Paraesophageal (Rolling) 349

H



density (often with a gas bubble) in the mediasti-
num or left chest. The best diagnostic study is an
upper gastrointestinal radiography; the typically
findings are that the mucosal folds are seen going
up into the chest, next to the esophagus, and
gastroesophageal junction remains below the dia-
phragm. Paraesophageal hernias can also be
detected on upper gastrointestinal endoscopy.
Computed tomography scanning can also demon-
strate that part of the stomach is in the chest.

Clinical Features

• Incidence
Estimates of the incidence of hiatal hernia vary
widely due to inconsistencies in definition,
widespread confusion regarding the clinical
implications of a hiatal hernia, and the normal
function of the GEJ. True incidence is difficult
to determine because a large number of
patients are asymptomatic. Hiatal hernias are
more common in Western countries, probably
secondary to a state of chronic constipation and
straining during bowel movement due to
a fiber-depleted diet. The frequency of SHH
increases with age, from 10% in patients youn-
ger than 40 years to 70% in patients older than
70 years.

Of these, 9% are symptomatic, depending
on the competence of the LES. 95% of these
are sliding hiatus hernias and only 5% are the
paraesophageal type.

• Age
The majority of SHH occur beyond the fifth
decade of life and the frequency then increases
with advancing age.

People of all ages can have paraesophageal
hiatus hernia, but this condition also increases
with age. Patients with symptomatic para-
esophageal hernia are most often middle-aged
to older adults.

• Sex
Hiatal hernias are twice as likely to occur in
women, and the incidence in women increases
with advancing age.

Paraesophageal hernia affects both sexes
equally.

• Site
Paraesophageal hernias generally tend to
enlarge with time, and sometimes the entire
stomach is found within the chest.

• Treatment
Simple and asymptomatic SHH does not require
treatment. When symptoms are due to gastro-
esophageal reflux, the goals of treatment include
modifying lifestyle factors, neutralizing or
inhibiting acid production, and enhancing esoph-
ageal and gastric motility. Surgery is necessary
only in the minority of patients with complica-
tions of gastroesophageal reflux despite aggres-
sive treatment with proton pump inhibitors.

Regarding paraesophageal hernias, many
experts suggest that surgery should be offered
to all patients with because some complications
will develop in about 30% of patients left
untreated. In general, a select approach to
patients with large paraesophageal is warranted.

The principles of surgery for SHH and para-
esophageal hernia includes three main ele-
ments: reduction of the hernia from the
mediastinum or chest with excision of the her-
nia sac, reconstruction of the diaphragmatic
hiatus with simple closure or use of prosthetic
mesh, and fixation of the stomach in the abdo-
men with a wrap, gastropexy, or gastrostomy
tube. These elements can be accomplished
laparoscopically or via open surgery and may
be approached through the abdomen and/or
chest. Opinion varies as to whether or not an
antireflux procedure (Nissen fundoplication) is
necessary if concomitant pathologic reflux has
not been demonstrated.

• Outcome
The prognosis is excellent following surgical
repair of a type I hiatal hernia. The recurrence
after paraesophageal hernia repair is 25–30%;
however, the clinic impact of a recurrence may
be minimal, as most of these patients remain
symptom free.

Macroscopy

A paraesophageal hernia, a true hernia with
a hernia sac, is characterized by an upward

350 Hiatus Hernia, Acquired, Paraesophageal (Rolling)



dislocation of the gastric fundus alongside
a normally positioned gastroesophageal junction.
The gastric fundus and abdominal viscera pro-
trude into the mediastinum through the defect in
the diaphragm.

Microscopy

Biopsies from hiatus hernia include the presence
of variably inflamed cardiac or oxyntic mucosa
with edema, lymphatic dilation, and pronounced
muscle hyperplasia, splaying, or stranding. Squa-
mous metaplasia may be present.

Differential Diagnosis

Paraesophageal hernias commonlymimic ischemic
heart disease or respiratory ailments such as pneu-
monia and asthma due to compression of the lung.
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Hirschsprung’s Disease
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Synonyms

Aganglionic megacolon; Congenital megacolon

Definition

Hirschsprung’s disease is a common cause of neo-
natal intestinal obstruction due to improper muscle
movement in the bowel. Patients are unable to
defecate because of the lack of ganglion cells. It
is a congenital condition; therefore, it is present
from birth. Newborns will often have abdominal
distension, while older children may suffer from
chronic constipation. Hirschsprung’s disease
results from the absence of ganglion cells within
the myenteric and submucosal plexus of the rectum
and/or colon. Colonic ganglion cells are derived
from the neural crest and migrate caudally with the
vagal nerve fibers along the intestine. These gan-
glion cells arrive in the proximal colon by 8 weeks
of gestation and in the rectum by 12 weeks of
gestation. The arrest in ganglionic migration leads
to an aganglionic segment. This results in clinical
Hirschsprung’s disease.

Clinical Features

• Incidence
Its incidence is estimated to be 1 in 5,000 births,
ranging from 1 in 2,000 to 1 in 12,000 live births.

• Age
Nearly all children with Hirschsprung’s disease
are diagnosed during the first 2 years of life.
Approximately one half of children affected
with this disease are diagnosed before the age
of 1 year. A small number of children with
Hirschsprung’s disease are not recognized until
much later in childhood or adulthood.

• Sex
Hirschsprung’s disease is four times more
common in males than in females.

• Site
The aganglionic segment in Hirschsprung’s dis-
ease begins at the anal sphincter and extends
proximally. In 80% of cases, aganglionosis is
limited to the rectum and distal sigmoid colon;
this situation is sometimes referred to as short-
segment Hirschsprung’s disease. In the
remaining patients, the aganglionic segment is
longer (long-segment Hirschsprung’s disease)
and extends as far proximally as the splenic
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flexure or transverse colon in 10% and the
cecum in 5% (total colonic aganglionosis). In
rare cases, aganglionosis extends into the small
intestine and may reach as far as the proximal
duodenum. A small percentage of patients have
ultrashort-segment Hirschsprung’s disease,
a controversial entity in which the aganglionic
segment is confined to the anal sphincter. Some
authors suggest this condition to be an abnor-
mality of the anal sphincter that should not be
diagnosed as true Hirschsprung’s disease, but
others accept it as one end of the spectrum of
Hirschsprung’s disease. Ultrashort-segment
Hirschsprung’s disease is a manometric diagno-
sis; therefore, microscopic examination cannot
demonstrate any abnormality.

• Treatment
Before surgery, a procedure called serial rectal
irrigation helps to relieve the pressure in the
bowel. The abnormal section of colon must be
removed with surgery. The healthy part of the
colon is then pulled down and attached to the
anus. The surgery is often done in two sessions.
A colostomy is performed first, and another
procedure is performed later in the child’s
first year of life.

• Outcome
The symptoms improve in most children after
surgery. A small number of children may
have constipation or problems controlling
defecation. Children who get treated early or
who have a shorter segment of bowel involved
have a better outcome. Possible complications
are enterocolitis occurring before surgery, and
sometimes during the first 1–2 years afterward,
perforation or rupture of the intestine and short
bowel syndrome, a condition that can lead to
malnourishment and dehydration. The overall
mortality of Hirschsprung enterocolitis is
25–30%, which accounts for almost all of the
mortality from Hirschsprung’s disease.

Macroscopy

Although macroscopically is normal, the affected
gut is unable to relax, causing a functional bowel
obstruction with dilation of the proximal segment.

Microscopy

Hirschsprung’s disease is characterized by the
following easily identifiable features: absence
of ganglion cells in the submucosal (Meissner)
and myenteric (Auerbach) plexus (Fig. 1), and
typical increase in acetylcholinesterase (AChE)
activity in the parasympathetic nerve fibers of the
lamina propria mucosa and muscularis mucosa
of the aganglionic segment (Fig. 2). AChE
staining is an effective screening method for
Hirschsprung’s disease, but false-negative
results have been encountered. This problem is
more likely when the biopsy does not include
muscularis mucosa or is taken too high in very-
short-segment disease. In addition, acetylcholin-
esterase-positive fibers may be absent in the early
neonatal period.

Immunophenotype

Although no immunohistochemical staining is
considered currently equal to the diagnostic
value of enzyme histochemistry (AChE staining),
the absence of calretinin immunostaining in the
nerve fibers may serve as a diagnostic tool in the
diagnosis of aganglionic segments.

Hirschsprung’s Disease, Fig. 1 In this medium power
H&E stained section of muscular wall from the aganglionic
portion of the colon, the myenteric plexus in the middle
displays hypertrophic nerve fibers but no ganglion cells
(i.e., aganglionosis)
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Molecular Features

The disease is generally sporadic, although
incidence of familial disease has been increasing.
Multiple loci appear to be involved, including
chromosomes 13q22, 21q22, and 10q. Mutations
in the Ret proto-oncogene have been associated
with multiple endocrine neoplasia and familial
Hirschsprung’s disease. Other genes associated
with Hirschsprung disease include the glial
cell-derived neurotrophic factor gene, the endo-
thelin-B receptor gene, and the endothelin-3 gene.
About 15% of patients with Hirschsprung’s dis-
ease have Trisomy 21 (Down syndrome). Other
associations include Waardenburg syndrome,
congenital deafness, malrotation, gastric divertic-
ulum, and intestinal atresia.

Differential Diagnosis

Normally there is a 2–3-cm-long aganglionic zone
immediately above the mucocutaneous junction
of the anus. Biopsies taken from this physiologi-
cal aganglionic zone may be wrongly diagnosed
as Hirschsprung’s disease. In addition, it should
be noted that the transitional zone of variable
length, comprising hypoganglionosis and thick-
ened nerve fascicles, often intervenes between
distal aganglionic segment and normally

innervated bowel. Another differential diagnostic
challenge is the presence of immature ganglion
cells. These cells have sparse cytoplasm, lack
prominent nucleoli, form rosette-like structures,
and may be overlooked. These appearances
may persist until the end of the first year of
life. Intestinal neuronal dysplasia is a poorly
defined condition that clinically may simulate
Hirschsprung’s disease. Its status as a distinct clin-
icopathological entity is under discussion as the
histological features originally described such as
hyperplasia of the intramural plexuses and giant
ganglia have been found to be nonspecific.
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Hyperplastic Polyps (Stomach)
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Synonyms

Gastritis polyposa; Hyperplasiogenic polyp;
Inflammatory polyp; Regenerative polyp

Hirschsprung’s Disease, Fig. 2 An enzyme histochem-
ical stain for acetylcholinesterase (AchE) may be helpful in
establishing the diagnosis by demonstrating numerous dark
staining AChE-positive nerve fibers in the lamina propria
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Definition

Hyperplastic polyps are localized, non-neoplastic
mucosal expansions consisting of elongated,
tortuous, and cystically dilated foveolae supported
by an edematous lamina propria and distended ves-
sels. Hyperplastic polyps arise probably as a result
of reparative and regenerative responses to mucosal
injury. First there is ongoing healing and
a reparative response in the form of foveolar hyper-
plasia after mucosal injury and erosion. This hyper-
plastic reaction can end or persist and progress with
the formation of a hyperplastic polyp. The common
causative agents of mucosal injury areHelicobacter
pylori and autoimmune gastritis leading to chronic
gastritis, although any agent causing chronic gastri-
tis may be a predisposing condition. H. pylori has
been shown to increase the expression of cyclo-
oxygenase-2 (COX-2), interleukin 1-beta, and
hepatocyte growth factor in stromal cells, which
are increased in number at sites of inflammation.
This increased expression and inflammation has
been suggested to play a role in the development
of hyperplastic polyps by increasing epithelial cell
turnover. H. pylori eradication has been shown to
cause complete regression or significant decrease in
size of these polyps. Likewise, the polyps can recur
with recurrence of H. pylori infection. It remains to
be shown whether other putative agents also cause
hyperplastic polyps by the same mechanism.
Hypergastrinemia has also been implicated in the
causation of hyperplastic polyps as it has a trophic
effect on the gastrointestinal mucosa. Interestingly,
gastric hyperplastic polyps have been shown to
develop in up to 15% of post-transplant patients,
both solid organ and bone marrow transplant. All
these patients had no evidence of chronic gastritis.
The pathogenesis of these polyps appears to be
different, whether and through which mechanism
the immune suppressed state of these patients is
related to the development of hyperplastic polyps
has to be clarified.

Gastric hyperplastic polyps were, like colorec-
tal hyperplastic polyps, considered initially to be
completely banal and inconsequential. However,
it has been shown that dysplasia and carcinoma
develop within hyperplastic polyps with rates of
occurrence varying from 1.5% to 4.5%. There

should be a thorough search and sampling for
dysplasia in large polyps, since especially in
polyps with a diameter of >2 cm, the risk of
developing carcinoma increases. Carcinomas aris-
ing in relation to hyperplastic polyps are well
differentiated, although some cases of poorly dif-
ferentiated and signet-ring cell carcinomas have
been reported. The overall risk of developing car-
cinoma in hyperplastic polyps is very low, and
most often, these polyps are not considered pre-
malignant; however, it is important to examine the
surrounding background mucosa for abnormali-
ties. Patients with hyperplastic polyps are at
increased risk of developing gastric cancer. It
seems that not the hyperplastic polyps themselves
but rather the associated conditions, the chronic
atrophic gastritis, is responsible for this risk.

Most hyperplastic polyps occur as a single
lesion, but multiple polyps are discovered in
approximately 20% of patients. Gastric hyper-
plastic polyposis has been defined as a syndrome
comprising equal to or more than 50 hyperplastic
polyps. There have only been a few reports of this
condition, with also familial risk. No particular
germline mutations have been identified. Gastric
hyperplastic polyposis has been associated with
gastric carcinomas and colorectal adenomas and
carcinomas. Hypergastrinemia as a result of H.
pylori infection and subsequent atrophy has been
suggested to be the possible link between gastric
hyperplastic polyposis and colorectal neoplasia.

Clinical Features

Patients may be asymptomatic and the polyps may
be an incidental finding at upper GI endoscopy
done for some other reason. If symptomatic,
patients usually complain of dyspepsia, heartburn,
abdominal pain, or upper gastrointestinal bleeding,
leading to anemia; sometimes hyperplastic polyps
have been the cause of gastric outlet obstruction.

• Incidence
Hyperplastic polyps are among the most
frequently observed gastric epithelial polyps
and comprise 28–75% of all gastric polyps.
Due to the increased use of proton pump

354 Hyperplastic Polyps (Stomach)



inhibitors, the incidence of fundic gland polyps
is nowadays likely to be higher than the inci-
dence of hyperplastic polyps.

• Age
Hyperplastic polyps are mostly detected in
older patients with peak incidence in the sixth
and seventh decades of life. They can develop
at any age and are also observed in children.

• Sex
There is no definite gender predilection. There
is a slight predominance in women noted in
most studies; however, there are also studies
showing a higher incidence among men.

• Site
Hyperplastic polyps develop throughout the
stomach, slightly preferentially located in the
gastric antrum.

• Treatment
Preferably hyperplastic polyps are endoscopi-
cally removed in order to determine their
nature and to prove that the lesions are benign.
If there are a large number or big polyps, there
is controversy whether gastric hyperplastic
polyps should be entirely removed due to the
risk of gastric polypectomy. In hyperplastic
polyps, there can be development of intestinal
metaplasia, dysplasia, and even carcinoma.
Biopsy sampling may miss dysplastic foci
within a hyperplastic polyp; therefore, some
authors recommend polypectomy of all polyps.
Others recommend that only large hyperplastic
polyps should be removed since neoplastic
transformation usually occurs in bigger polyps.
Surveillance of hyperplastic polyps that are not
removed because of number or size is probably
safer than multiple polypectomies. A single
repeat endoscopy at 1 year is reasonable, but
there is no evidence for repeated surveillance.
There is often a background of atrophic auto-
immune gastritis or inflammatory gastritis. It is
important to test for H. pylori and eradicate
when present. In view of associated back-
ground pathology, the endoscopist should
always examine and sample the surrounding
nonpolyp gastric mucosa.

• Outcome
Hyperplastic polyps are mostly regarded as
benign lesions. The risk of developing

adenocarcinoma within a hyperplastic polyp
is approximately 2% and depends on size;
especially, polyps larger than 1 cm are at risk
of malignant transformation.

Macroscopy

Hyperplastic polyps are generally less than 2 cm
in diameter. They can range from a few millime-
ters up to many centimeters in diameter; sizes of
up to 12 cm may be reached. The polyps are
usually solitary, small, smooth, lobulated, sessile,
or pedunculated lesions. Multiple polyps that may
appear confluent occur in approximately 20% of
patients. They tend to be softer and shinier than
other polyps, and their surface is almost always
eroded or may show central umbilication. Hyper-
plastic polyps cannot be separated reliably from
small adenomas endoscopically.

Microscopy

Histologically, hyperplastic polyps are character-
ized by an elongation, branching, and cystic dila-
tation of the foveolae. There is crowding of cells
and infolding of the epithelium which gives
a tortuous or corkscrew appearance (Figs. 1–4).

Hyperplastic Polyps (Stomach), Fig. 1 Gastric biopsy
with a hyperplastic polyp with elongated pits with mucin-
ous cytoplasm and stromal inflammation (H&E, original
magnification 25�)
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The glands in hyperplastic polyps are usually of
the antral or pyloric type, even when the polyps
arise in the body or fundus, although occasionally,
oxyntic glandular mucosa is seen. The foveolar
cells have typically abundant mucinous cyto-
plasm but may be mucin-depleted focally. Erosion
of the surface, with subsequent regeneration, pro-
duces reactive atypia in the lining epithelium.
Cytoplasmic eosinophilia, an enlarged nucleus,
prominent nucleoli, and a cuboidal cell shape
characterize this. The prominent edematous
stroma separating the glands in hyperplastic
polyps sometimes mimics sarcoma or spindle

cell carcinoma. The stroma often becomes fibrotic
and shows reactive mesenchymal cells and
a mixed inflammatory infiltrate of plasma cells,
lymphocytes, histiocytes, neutrophils, and eosin-
ophils. Smooth muscle fibers may also be appar-
ent in the lamina propria and extend upward from
the splayed muscularis mucosae. Most hyperplas-
tic polyps arise on a background of mucosal
abnormality. The surrounding gastric mucosa
often shows signs of chronic atrophic gastritis.

In some cases, it may be difficult to distinguish
the regenerating foveolar epithelium from adeno-
matous epithelium. Small foci of intestinal meta-
plasia are seen in around 15% of hyperplastic
polyps, and infrequently dysplasia or carcinoma
is encountered. The microscopic appearance of
dysplasia in hyperplastic polyps is similar to that
in other areas of the GI tract and is categorized as
either low- or high-grade dysplasia. In low-grade
dysplasia, the epithelium is composed of cells
with hyperchromatic elongated nuclei, clumped
chromatin, and pseudostratification (Fig. 5).
These changes always involve the surface epithe-
lium but may also occur in the deep glands.
Mitotic activity is brisk. The architecture is more
complex in high-grade dysplasia, with the forma-
tion of cribriform profiles and tubular budding.
Moreover, features of cellular differentiation
such as cytoplasmic mucin are progressively lost
in high-grade dysplasia.

Hyperplastic Polyps (Stomach), Fig. 2 More detailed
image of Fig. 1 (H&E, original magnification 100�)

Hyperplastic Polyps (Stomach), Fig. 3 Hyperplastic
polyp showing elongated, dilated, and tortuous pits with
focal erosion on the surface. The fibrotic lamina propria
shows hemorrhage and chronic inflammation (H&E, orig-
inal magnification 25�)

Hyperplastic Polyps (Stomach), Fig. 4 Detail of glands
showing foveolar epithelium with prominent globoid cells
and chronic inflammation (H&E, original magnification
200�)
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Immunophenotype

Immunohistochemistry for p53 and Ki-67 can
be performed to confirm increased staining in
hyperplastic polyps with dysplastic or carcinoma-
tous foci.

Molecular Features

Some data suggest that TP53 mutations, KRAS
mutations, microsatellite instability, chromosomal
loss, and chromosomal gain may all be important
in the development of dysplasia and carcinoma in
gastric hyperplastic polyps, but further research is
needed to better define the molecular biology of
neoplastic transformation in these lesions.
Although there have been several studies trying
to implicate markers for malignant transformation
in gastric hyperplastic polyps, a marker identify-
ing which hyperplastic polyp will undergo malig-
nant transformation has not yet been found.

Differential Diagnosis

– Fundic gland polyps are also among the most
common gastric polyps. These have a different
histology with cystically dilated glands lined
by chief, parietal, or mucous cells with

a normal mucosal background without
inflammation.

– Ménétrier’s disease involves the gastric body
and fundic mucosa diffusely with oxyntic glan-
dular atrophy. In Ménétrier’s disease, there is
prominent foveolar hyperplasia associated
with protein-losing gastropathy and lacking
significant inflammation.

– Gastritis cystica polyposa/profunda arise in
the gastric anastomotic site after partial
gastrectomy. These lesions contain prominent
features of mucosal prolapse with irregular
dilated glands in the submucosa.

– Juvenile polyps are more commonly found in
children. They contain a smooth rounded
surface with erosion and granulation tissue.
Cystically dilated glands are often with neutro-
philic granulocytes.

– Polyps arising in patients with Peutz-Jeghers,
Cowden, or Cronkhite-Canada syndrome are
associated with a typical clinical history.
Correct diagnosis requires clinical, endo-
scopic, and histological correlation. Peutz-
Jeghers polyps most often arise in the small
bowel. Gastric Peutz-Jeghers polyps may
resemble hyperplastic polyps and frequently
lack the characteristic arborizing bundles of
smooth muscle in the stroma. Clinical signs
typical for Peutz-Jeghers include pigmented
macules involving the mucous membranes
(lips) and skin. In Cowden’s syndrome, multi-
ple hamartomatous polyps arise from the
esophagus to colon. Typical clinical features
of Cowden’s disease include facial tri-
chilemmomas, acral keratosis, papillomatous
papules, and mucosal lesions. Cronkhite-
Canada syndrome is associated with diffuse
GI polyposis, abnormal skin pigmentation,
and nail dystrophy. In the stomach,
Cronkhite-Canada syndrome polyps are
histologically similar to hyperplastic polyps.
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Imperforate Anus
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Synonyms

Anorectal malformation

Definition

Imperforate anus can be defined as the defect of
the development of the lowest portion of intestinal
and urogenital tracts. Imperforate anus is a result
of cloacal membrane imperforation. Anus and
rectum develop from dorsal portion of the hindgut
by forming urorectal septum which separates rec-
tum and anal canal from bladder and urethra. It is
believed to complete by the 7th week of gestation.
The anus develops from anal tubercles and
proctodeum, the external invagination which
communicates with proximal parts after disinte-
gration of anal membrane at 8th weeks’ gestation.
The cause and genetic background for abnormal
development is not fully elucidated, and no defi-
nite risk factors are known. As a result, rectum
opens in abnormal locations in the perineum or
female genitals. Stenosis, occlusive membranes,

or agenesis of rectum and anal canal ensue with or
without fistulas in perineal skin, urethra, prostate,
bladder, vulva, or vagina.

Historically, imperforate anus is divided into
four groups (Fig. 1): stenosis alone (11%); imper-
forate anus with the thin membrane separating the
anus and rectum (4%); imperforate anus with
a widely separated anus and rectum (76%); and
normal anus with rectum ending at some level
above it (9%). Fistulas occur most often in groups
3 and 4. In males, the fistulas are most often
urinary (urethra 25%, bladder 33%, perineum
42%) and in females, urinary and genital (vaginal
84%, perineum 14.5%, bladder 1.5%). This
scheme refers also to Wingspread classification
which divides anorectal malformations to high
(anorectal agenesis, rectovaginal fistulas,
retroprostatic urethral fistulas, rectal atresia),
intermediate (rectobulbar and rectovaginal fistu-
las, anal agenesis without fistulas) and low
(anocutaneous and anovestibular fistulas, anal ste-
nosis) malformations. This division was related to
the muscle levator ani position.

The newer staging is the anatomic classifica-
tion which connects malformation with its ana-
tomical site and reflects the severity of symptoms:

• Perineal fistula: good prognosis, in either sex,
closed anus with the small connection opening
on the perineal body, sometimes with small
loop of skin at the anal opening (so-called
bucket-handle pathognomonic for perineal
fistula)

# Springer International Publishing AG 2017
F. Carneiro et al. (eds.), Pathology of the Gastrointestinal Tract, Encyclopedia of Pathology,
DOI 10.1007/978-3-319-40560-5



• Vestibular fistula: good prognosis, small open-
ing at the posterior aspect of the vestibule
externally to hymen

• Cloaca: common channel incorporating ure-
thra, vagina, and rectum, prognosis is
connected with the length of the channel (the
shorter the channel, the better prognosis)

• Bulbar urethral fistula: relatively common mal-
formation in boys, visualization of the fistula
requires additional radiographic methods

• Prostatic fistula: rare type with poorer
prognosis

• Bladder-neck fistula: 10% of boys, very poor
prognosis

• Absent fistula: best prognosis, rare, common in
children with trisomy 21, determined on exclu-
sion of fistulas, amenable to primary correction

• Cloacal exstrophy: extremely rare, extremely
poor prognosis, part of OEIS syndrome

Imperforate anus and anorectal abnormalities
can be associated with other malformations:

• Cardiovascular malformations in 12–22% of
patients including Fallot’s tetralogy, ventricular
septal defects, transposition of the great arteries,
and hypoplastic left heart syndrome

• Gastrointestinal abnormalities: annular
pancreas, duodenal atresia or/and obstruction,
midgut malrotation, esophageal atresia,
intestinal atresia, Townes-Brocks syndrome,
VATER and VATERL syndromes, CHARGE
syndrome, and others

• Vertebral anomalies: lumbosacral defects in
patients with high lesions

• Spinal abnormalities: dysraphism (tethered spinal
cord), cord lipomas, and syringohydromyelia

• Gynecological anomalies: bicornate uterus,
and uterus didelphus may be present in up
to 35% females with imperforate anus,
vaginal septum (most common malformation
in females with anorectal abnormalities),
vaginal duplication and agenesis sometimes
associated with ipsilateral absent ovary and
kidney

Imperforate Anus,
Fig. 1 OEIS syndrome
(Omphalocele-Exstrophy-
Imperforate Anus-Spinal
Defects) – It affects 1 in
200,000–400,000
pregnancies, its cause is
unknown, sometimes in
trisomy 18, male: female
ratio is 3:1. Cloacal
exstrophy is a result of
breakdown and
mesodermal invasion of
cloacal membrane. The
exstrophy of the urinary
bladder and small
intestines, anal atresia,
hypoplasia of the colon,
omphalocele, and
anomalies of external
genitals are seen. It can be
accompanied by
meningocele, spina bifida,
unilateral hypoplasia of the
kidney, single umbilical
artery, Meckel’s
diverticulum, and colonic
duplication
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Clinical Features

• Incidence
Imperforate anus (anorectal malformations)
affects 1 in 5,000 live-born infants.

• Age
Most of the cases are identified at the time of
birth upon routine physical examination.
Delayed diagnosis may result from incom-
plete initial examination or from the subtle
nature of the malformation like perineal fis-
tula not visible at the first glance. These
patients may present months or years after
birth.

• Sex
No sex predilection is reported (previous stud-
ies pointed to male sex predilection).

• Site
Anorectum is the primary site.

• Treatment
Newborns with imperforate anus should not be
fed. Intravenous broad-spectrum antibiotics
should be administered in order to avoid infec-
tion and sepsis. Cardiac defects must be ruled
out prior further diagnostic and surgical inter-
ventions are performed.

Thorough diagnostic process should be
undertaken in order to select patients for surgi-
cal care. This includes sacral radiography,
abdominal ultrasonography, spinal ultrasonog-
raphy or MRI, lateral pelvic radiography, aug-
mented-pressure distal colostography CT
scanning, and others.

Some patients may undergo primary repair
in the neonatal period (pull-through methods),
but most of them may reach definite repair in
staged fashion including colostomy usually in
the left lower quadrant, followed by recon-
structive surgery varying upon the type of mal-
formation, the general concept is to separate
rectum from other structures, divide and ligate
fistulas, fully reconstruct pelvic anatomy
within adequate muscle complex, and colos-
tomy closure.

• Outcome (Prognosis)
Children with no life-threatening comorbidity
should survive. Prognosis depends on severity
of malformation and its amenability to surgical

correction. Children with imperforate anus and
anorectal anomalies are endangered with
injury to surrounding organs (mainly during
operative procedures) as well as are at greater
risk of infection.

Main complication of anorectal abnormal-
ities which influence prognosis in these
patients is fecal and urinary incontinence.
The more severe form of anomaly (e.g., com-
mon channel cloaca, bladder-neck, and pros-
tatic fistulas) the poorer nerve and muscle
formation which may result in fecal and uri-
nary incontinence. Children with imperforate
anus and no fistulas should have voluntary
bowel movements in at least¾ cases, whereas
boys with bladder-neck fistulas achieve vol-
untary bowel movements in 15%. Medical
and psychological care for these patients is
mandatory.

Macroscopy

Anal region may be flat or has only small excava-
tion with no obvious orifice. Perineal fistulas may
be visible as small openings, for vestibule fistulas
separation of labia may be needed. Gentle pres-
sure on suprapubic region may result in evacua-
tion of meconium from urethra in boys or from
vagina in girls. Fourchette type of fistula com-
bines the features of vestibule and perineal fistula,
giving the velvety mucosal appearance from ves-
tibule side and dry anoderm from posterior peri-
neal side.

In girls with cloaca only, one opening between
the shortened labia is visible usually with no
fistulas.

The abdomen may be distended due to pal-
pated masses such as dilated kidney or bladder,
hydrocolpos, ectopic kidney, duplication, or other
cystic structures.

Microscopy

Microscopy can be sometimes utilized in
searching for meconium elements in urine or
vaginal discharge.
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Differential Diagnosis

Other reasons of delayed meconium evacuation
must be ruled out. Intestinal atresia with
Hirschsprung disease may come in differential
diagnosis, although in these cases, perineal region
is not changed.
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Infarction, Intestinal

Maria Sotiropoulou
Department of Pathology, Alexandra Hospital,
Athens, Attica, Greece

Synonyms

Dead bowel; Dead gut; Intestinal necrosis;
Ischemic bowel

Definition

Intestinal infarction is damage or death of a part of
the intestine due to reduction in the blood flow or
decreased blood flow. There are several causes of
infarction involving either arterial or venous
impairment. Possible causes include hernia and
adhesions from a previous surgery when the intes-
tine becomes trapped in scar tissue. Arterial insuf-
ficiency is the most common cause of intestinal

infarction and is divided in nonocclusive (central)
and occlusive (peripheral) ischemia.

Nonocclusive ischemia represents up to 25%
of acute mesenteric infarction and is characterized
by low blood flow and insufficient oxygen supply
to the tissue without arterial obstruction. Hypo-
tension, cardiac failure, and shock of any etiology
are the main causes. Hypotension in elderly
patients who have atherosclerotic disease often
causes nonocclusive stenosis of the major arteries.

In occlusive arterial insufficiency, there is
obstruction of the blood flow, which may be due
to extramural causes like volvulus, torsion, intus-
susception, or compression by a tumor. Of the
luminal causes, vascular emboli or thrombi are
the most common. Emboli may travel from the
heart in a patient with atrial fibrillation, whereas
thrombi can block arteries with arteriosclerotic
disease. Mural causes include dissecting aneu-
rysms, radiation injury, tumors, and amyloidosis.
Drugs and toxins like potassium salts, cocaine,
and venoms from snakes and scorpions can
cause arterial occlusions. Vasculitis and
arteriopathies can also cause ischemia.

Venous insufficiency accounts for 5.15% of
causes of intestinal ischemia and is related to
external venous compression, thrombosis or path-
ologic intramural processes, hypercoagulative
states, and less commonly inflammation, portal
hypertension, or trauma.

Small intestinal blood supply must be reduced
in more than 25–50% for the intestinal viability to
be lost. The resulting ischemic injury is dependent
not only on the degree of vascular obstruction but
also on the collateral circulation and the presence
of contributing diseases.

Acute mesenteric ischemia is a syndrome in
which inadequate blood flow causes ischemia or
gangrene of bowel. The superior mesenteric artery
supplies small intestine, and proximal mid-colon
and inferior mesenteric artery supplies distal
colon and rectum. Superior mesenteric vein is
responsible for venous drainage. Embolic
phenomena account for 5% of all clinical cases
and arterial thrombosis for about 25%. Non-
occlusive mesenteric ischemia is the cause of
20% and mesenteric venous thrombosis of less
than 10%. The superior mesenteric vessels are
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more frequently involved than inferior mesenteric
vessels. Damage ranges from reversible ischemia
to transmural infarction with necrosis and perfo-
ration. Bowel necrosis leads to peritonitis and can
occur in 8–12 h after the onset of the symptoms.
The vascular occlusion from emboli is sudden,
and patients do not have time to develop collateral
flow. Mesenteric venous thrombosis in more than
80% of cases develops secondary to a clot in the
mesenteric circulation. It may affect a younger
population, and patients may have prolonged
symptoms, sometimes exceeding 30 days.

Only angiography or exploratory surgery
makes early diagnosis possible, which is the best
way to improve patient survival.

Clinical Features

• Incidence
The overall prevalence of acute mesenteric
infarction is 0.1% of all hospital admissions
and is more common in countries where indi-
viduals have higher life expectancy.

• Age
This is a disease of people older than 50 years
old. In younger people, there are risk factors
like atrial fibrillation, oral contraceptive use, or
hypercoagulative states.

• Sex
Overall, no sex preference exists in the
different causes of mesenteric venous throm-
bosis, except for a predilection for women that
take oral contraceptives or are pregnant.

• Site
The location and extent of ischemic lesions
depend on the anatomy and physiology of
the blood supply which is relatively poor in
the colon and particularly on the left side.
Moreover, colon has poorer collateral vascular
network than the small bowel. In a review of
1,000 cases, the distribution of lesions was 8%
in the right colon and 73% in the splenic flex-
ure, descending colon and sigmoid in total. The
superior mesenteric artery is affected more
commonly than the inferior mesenteric artery.
The most severe atherosclerotic lesions affect
the proximal 2 cm of the superior and inferior

mesenteric arteries. Approximately 95% of all
mesenteric thromboses involve the superior
mesenteric vein leading to infarction of the
small intestine or proximal colon. The com-
bined involvement of small and large bowel
is not infrequent.

• Treatment
The initial treatment includes resuscitation and
infusion of papaverine and thrombolytics.
After thrombolysis, in a small proportion of
patients who have atherosclerotic plaques in
the superior mesenteric artery, angioplasty
can be performed, but with a high rate of reste-
nosis (20–50%). On the other hand, in mesen-
teric venous thrombosis, the main treatment is
heparin.

If signs of peritonitis develop, the resection
of the necrotic bowel is the treatment of choice
in all types of acute mesenteric infarction.
Intraoperative fluorescein administration can
differentiate the viable from the nonviable
bowel. For embolic acute mesenteric infarc-
tion, a transverse arteriotomy may be
performed or a bypass, if thrombectomy is
unsuccessful. For thrombotic acute mesenteric
ischemia and if the gut is not gangrenous,
revascularization with arteriomesenteric
bypass is the appropriate management.

• Outcome (Prognosis)
Approximately 15–20% of patients develop
gangrene or perforation. The prognosis is
poor when bowel wall infarction has occurred
and the mortality rate is 90% and falls slightly
even with proper treatment. In a long-term
follow up of patients who had surgery, the
2 and 5 year survival were 70% and 50%,
respectively. Colonic ischemia is transient in
half of the patients, with the rest 20–25% hav-
ing chronic colitis or deep colonic infarction
and between 10% and 15% developing ische-
mic strictures.

Macroscopy (Gross)

Resection specimens for ischemia may be
evaluated for ischemic damage extension, estima-
tion of the viability of the margins, and, if
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possible, revealing the etiology. The length of
time before the examination of the surgical spec-
imen or autopsy is responsible for differences in
appearance. Acute ischemic injury may be patchy
or diffuse. At first the bowel is dilated and dark
with red edematous mucosa which may have
ulcerations superficial or, sometimes, deep. The
serosa has lost its shiny smooth appearance and
appears rough and cyanotic. The bowel wall is
friable and thinner than normal, and sometimes,
there is perforation. The lumen is filled with
blood, and in some cases, there is complete necro-
sis with the appearance of gangrene. The mesen-
tery appears thick, hemorrhagic with thrombosed
veins, while arteries usually appear normal. More-
over, organizing recanalized thrombi will be
observed in mesenteric venous vasculature. If
there is recovery, the bowel reestablishes normal
thickness, induration, and contraction. Sometimes
the formation of an ischemic stricture is
a complication.

Microscopy

In acute ischemia, there is hemorrhage in the
mucosa and later in submucosa. The upper
mucosa is relatively hypoxic and consequently par-
ticularly vulnerable and becomes necrotic, while
the lower mucosa remains intact. The crypts in the
upper parts often appear necrotic and the remaining
in the lower mucosa are more preserved (Fig. 1). In
severe cases, the whole mucosa remains as
a shadow of the normal histology. In milder cases,
the upper halves of the crypts show varying degree
of degeneration and sloughing. The remaining epi-
thelium is attenuated with goblet cell loss and
regenerative hyperchromatism. Moderate inflam-
matory cell infiltration is usually present, and fibrin
plugs may be noted in mucosal capillaries.
Necroinflammatory exudate mimicking pseudo-
membranes may be seen in some cases (Fig. 2).

The lamina propria has various degrees of
edema and congestion with coexistence of pink
proteinaceous material and contains a moderate
acute inflammatory exudate at an early stage,

which increases later. Submucosa is edematous
with vessel dilatation. If a recovery phase
follows, subacute and chronic inflammation with
the formation of granulation tissue and fibrosis
alternate with islands of hyperplastic mucosal
folds and mimic Crohn’s disease or fulminant
ulcerative colitis (Fig. 3). The presence of

Infarction, Intestinal, Fig. 1 Acute ischemia of the
small bowel with hemorrhage in mucosa with proteina-
ceous material, dilated and congested vessels in the sub-
mucosa, and glandular dropout loss of epithelium

Infarction, Intestinal, Fig. 2 Large bowel biopsy with
pseudomembranes covers the surface
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iron-laden macrophages in the mucosa and sub-
mucosa is important in differential diagnosis from
inflammatory bowel disease. If the degree and
extension of injury are not severe, mucosa may
reverse to normal. The presence of thrombi in
mesenteric vessels must be estimated with cau-
tion, because thrombi may develop as a response
to stasis and congestion. The organization of
thrombi is the evidence of true thrombosis and is
clinically significant (Fig. 4).

Strictures are rare because severe infarction of
the colon is accompanied by small bowel

involvement and the patient usually dies. Stric-
tures are relatively frequent in the left colon and
are tubular or fusiform with fibrosis, which
extends through the entire thickness of the wall
till the pericolic tissue. Ulcers may develop,
which affect only the mucosa or extent to all
parts of the bowel wall with perforation.

Immunophenotype

There is not any specific marker in intestinal
infarction.

Molecular Features

There are not molecular features that contribute to
the diagnosis of intestinal infarction.

Differential Diagnosis

The differential diagnosis includes pseudo-
membranous colitis, acute ulcerative colitis,
toxic megacolon, and Crohn’s disease.
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Infarction, Intestinal, Fig. 3 Regenerative changes fol-
lowing ischemic damage with architectural distortion and
hyperchromatic nuclei with intense nucleoli

Infarction, Intestinal, Fig. 4 Submucosa showing con-
gestive and thrombosed vein with organization and
revascularization
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Infectious Colitis

Anne Jouret-Mourin
Department of Pathology, Cliniques
Universitaires St. Luc, UCL, Brussels, Belgium

Synonyms

Acute infectious colitis (AIC); Acute infectious-
type colitis (AITC); Acute self-limited colitis
(ASLC); Dysentery

Definition

Infectious colitis corresponds to the inflammation
of the colon caused by an infectious agent includ-
ing bacteria, viruses, protozoa, fungus, or parasites.

Epidemiology

In western countries, infectious colitis is most
commonly due to bacterial and viral pathogens
but it may also be caused by protozoa, fungus,
and parasites. The last three pathogens are mostly
observed in immune-compromised patients or
travellers coming from developing countries.
Infection caused by bacteria or viruses usually
resolves within a few weeks without residual his-
tologic findings.

Many enteric infections are transmitted to
humans through contaminated food and water.
Populations in less developed countries often
live in ramshackle housing without sanitary
environment, which facilitates greatly the occur-
rence of colonic infections. In industrialized coun-
tries, other and different practices facilitate
germ transmission. These include large-scale
food production, fast-food chains, traveling,
etc. Furthermore, the populations of patients
with immune-compromising conditions such
AIDS or transplantation increase in number and
these are more susceptible to develop infectious
colitis. The most frequently identified bacterial
pathogens are Salmonella, Campylobacter,

Shigella, Clostridium difficile, Yersinia,
Escherichia coli, and Klebsiella oxytoca. The lat-
ter three were most significant during the last
decade. Noroviruses are major viral pathogens
and an important cause of diarrhea in both chil-
dren and adults, as well in immune-competent
patients as in immune-compromised individuals.

Infection by adenovirus is another common
cause of childhood diarrhea and also an important
cause of diarrhea in immune-compromised patients
(AIDS, transplant patients. . .). Other possible caus-
ative agents are protozoa (Giardia) and parasites.

Pathogeny

Watery diarrhea is the result of a disturbed balance
between intestinal secretion and absorption.
Viruses can infect and kill villous tip enterocytes,
thereby disturbing absorption. Bloody diarrhea is
most often of bacterial origin. Production of
bloody stools means a mucosal breakdown caused
by entero-invasive bacteria such as Shigella,
Campylobacter coli or jejuni, Salmonella,
Yersinia, or by cytotoxin-producing pathogens
such as C. difficile and protozoa such as
Amoebae. E. coli, Vibrio cholerae, Salmonella,
C. perfringens type A, and Klebsiella can also
cause acute bloody diarrhea, Cytomegalovirus
and Herpes virus as well as protozoa can also
provoke bloody diarrhea. Acute bloody diarrhea,
however, usually begins with watery diarrhea.
The most common causes for acute infectious
watery diarrhea are viral, and most frequently
involve the small intestine. Rotavirus represents
the most common cause of childhood diarrhea, in
addition to adenovirus. Noroviruses are recog-
nized as playing a major role in enterocolitis. It
is the second most common cause of watery diar-
rhea in children and an important cause in adults
(see ▶Viral Gastroenteritis).

Clinical Features

• Incidence
The risk for developing infectious colitis
varies considerably throughout the world and
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depends on local conditions. The incidence
steadily increases, and infectious colitis is
responsible for significant morbidity and mor-
tality worldwide. In industrialized countries,
most incidents of infectious colitis are acute
self-limited colitis and mostly due to bacterial
colitis.

• Site
Any level of the colon may be involved but the
site of the lesion can be helpful for diagnosis.
Several bacteria such as Yersinia pseudotuber-
culosis, Campylobacter jejuni, and Salmonella
species can induce infections of the small and
large intestine. Other bacteria such as Shigella
species and enterohemorrhagic E. coli induce
infections of the large intestine alone. Some
pathogens are located preferentially at the
appendix, caecum, and right colon such as
Salmonella sp. Viral infections like rotavirus
and noroviruses are most often localized in the
small bowel.

• Age
Infectious colitis affects persons of all ages with
no gender differences. Children, elderly
patients, and immune-compromised patients
are more susceptible to contract infectious coli-
tis as well as travelers in undeveloped countries.

• Clinical Symptoms
Most enteric infections are self-limited. Themost
common symptom is a history of less than 1
week watery diarrhea with blood or mucus (dys-
entery), usuallywith acute onset.Watery diarrhea
is more often of viral etiology and at routine
bacteriological investigation cultureswill be neg-
ative. Sometimes abdominal cramps, bloating,
and tenesmus may also be observed. The fre-
quency of the diarrhea can lead to dehydration.

Chronic diarrhea with three or more loose
stools for more than 30 days can also be
seen in infectious colitis of viral (rotavirus,
cytomegalovirus, adenovirus), bacterial
(Campylobacter, Clostridium difficile,
Aeromonas, E. coli, Salmonella, Yersinia), or
protozoal (Entamoeba histolotyca, Isospora)
origin.

• Treatment
The treatment is determined by the specific
agent. Supportive care is important.

Antibiotics may help treat bacterial infectious
colitis if needed while specific drugs are avail-
able for parasitic infections.

Macroscopic Features

Endoscopic features are nonspecific with
erythema, friability, variable hemorrhage, and
sometimes erosions of the mucosa being present.
The specific findings of bacterial infections are
described in the chapter of bacterial colitis. Viral
infections may be macroscopically normal. Some-
times, specific features are seen. These are
described with each virus.

Microscopic Findings

The microscopic features of infectious colitis are
highly variable. They depend upon the responsible
agent, the immune status of the patient, and the
duration of the disease. In the majority of the cases,
there is no specific pattern. The spectrum of micro-
scopic features includes a normal biopsy, samples
showing only edema, samples showing active
inflammation with neutrophils which can be mild
or severe, fulminant disease with bowel wall necro-
sis, and samples showing residual lesions.

Three microscopic features can be observed
most frequently:

The majority of infections cause minimal or no
inflammatory change. This is seen in infections
induced by agents such as toxigenic Vibrio
cholerae, Nesseiria gonorrhea, Enteroadherent
E. coli, and many viruses. In adenovirus infection,
some smudgy inclusions within surface epithelial
cells, mostly in goblets cells, may be observed
together with apoptosis of crypt epithelial cells
and surface damage.

Acute self-limited colitis (ASLC) is the most
common pattern in enteric infections. The term of
“ASLC” refers to such histologic presentation,
which is associated with a rapid spontaneous pos-
itive evolution. However, in some cases, the infec-
tion may not be self-limited and even can be fatal.
For this reason, the synonymous term “acute
infectious-type colitis” is also proposed.
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ASLC corresponds to the presence of an
increased inflammatory infiltrate in the middle
and upper levels of the crypts, more frequently
in the lamina propria with cryptitis in
a background of preserved crypt architecture.
Neutrophils are more common in the early phase
of the disease, and they can be either numerous or
very few. They can invade the surface and crypt
epithelium, inducing cryptitis and sometimes
crypt abscesses. The crypts remain parallel, but
they are often smaller at the upper part. The sur-
face and crypt epithelial cells may show mucin
depletion and can appear flattened or cuboidal due
to epithelial damage by cytotoxins. The lamina
propria may contain mononuclear cells including
lymphocytes, histiocytes, and plasma cells, but
basal plasmocytosis should not be present
(Figs. 1 and 2). Morphologic changes show
a focal or patchy but rarely diffuse distribution.
Erosions can be observed. The diagnosis of acute
self-limited colitis relies mainly on the presence of
active superficial inflammation and the absence of
features suggestive for IBD.

The term “focal active colitis (FAC)” is used to
describe the isolated finding of focal crypt injury,
varying from a single crypt abscess to rare foci of
cryptitis or crypt abscesses. These features may
correspond to resolving infectious colitis, but
recent studies have shown that it may also corre-
spond to other causes such as Crohn’s disease
particularly in children, and adverse drug

reactions or that it can be observed incidentally
(bowel preparation artifact).

Nonspecific mucosal injury as well as ASLC or
AITC or FAC may be seen with many bacterial
infections including Campylobacter, Aeromonas,
non-typhoid Salmonella, Shigella, etc. Various
bacteria induce slightly different localizations of
the lesions which can be recognized and can be
used for diagnostic purposes.

Some pathogens can be specifically identified
in tissue sections or produce specific features

Infectious Colitis,
Fig. 1 ASLC/AITC:
Presence of inflammatory
infiltrate in the middle and
upper levels of the crypts
and, more frequently in the
lamina propria with
cryptitis, in a background of
preserved crypt architecture

Infectious Colitis, Fig. 2 Neutrophils invade crypt epi-
thelium causing cryptitis. The crypts remain parallel but
there are often smaller at the upper part
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allowing a microscopic diagnosis such as
a pseudomembranous pattern (Clostridium
difficile, enterohemorrhagic E. coli), granuloma-
tous pattern (Mycobacterium tuberculosis or
avium in immune-competent patients, Yersinia),
a diffuse histiocytic pattern (Rhodococcus equi,
Mycobacterium avium in immune-compromised
patients, histoplasmosis, Whipple disease),
a predominantly lymphohistiocytic pattern
(lymphogranuloma venerum, Salmonella
typhimurium) or viral inclusions such as
Cytomegalovirus infection.

Differential Diagnosis

The differential diagnosis between infectious
colitis and other types of colitis is sometimes
difficult. Most often, the diagnosis of infectious
colitis does not require intestinal biopsies,
since the evolution is usually rapidly favorable.
Clinical findings may help the diagnosis. Trav-
elers coming from tropical or subtropical coun-
tries or whenever more than one person is acutely
ill at the same moment are situations that favor an
infectious colitis.

When sampling is performed, the histological
aspect of infectious colitis can mimic other
intestinal diseases.

Acute self-limited infectious colitis should
especially be distinguished from chronic
idiopathic inflammatory bowel disease (IBD)
including ulcerative colitis and Crohn’s disease,
ischaemic colitis, or other types of colitis such as
lymphocytic colitis or adverse drug reaction,
because the treatment is different.

Patients with acute infectious-type colitis may
present with the same symptoms as those with
acute onset IBD.

Numerous authors have tried to establish
criteria to distinguish an infectious colitis from
an IBD at the time of the first biopsies. One of
the most important studies was performed by
Surawicz who showed that features with a high
predictive value (87–100%) of diagnosing IBD
were distorted crypt architecture, a villous
surface, epithelioid granuloma, crypt atrophy,
and basal lymphoid aggregates. Pointers to an

infective cause were the presence of edema and
a neutrophil polymorph infiltrates. The neutrophil
aggregates were usually conspicuous in the lam-
ina propria and surrounded or infiltrated the upper
crypt epithelium. Diffuse, regional, or focal active
colitis without crypt architectural distortion and
prominent cryptitis favor the diagnosis of infec-
tious colitis. But this is less useful and not that
specific. So, biopsy diagnosis of acute infectious
disease is based on the absence of histological
criteria, favoring IBD and the lack of features of
chronicity.

Schumacher in 1994 carried out a prospective
study and confirmed the significant features of
IBD. In this study, the strongest predictor of IBD
was the basal plasmocytosis followed by crypt
branching, crypt distortion, and the presence of
a villous surface. In the same paper, the authors
showed that structural changes were dependent on
the duration of symptoms: Basal plasmocytosis
seems to be the earliest sign of IBD which appears
in the first week, while crypt distortion is found
only after two or more weeks.

Giant cells are also observed in infectious-type
colitis but are more present in the upper part of the
lamina propria.

The difficulty of the differential diagnosis is
even greater if one realizes that many enteric
pathogens can reveal the first attack of IBD or
may cause exacerbations or relapses of IBD.

The resolving phase of infectious colitis which
shows an increase of lymphocytes and plasmocytes
in the lamina propria with focal cryptitis or an
increase of intraepithelial lymphocytosis may also
be more difficult to diagnose and to differentiate
from Crohn’s disease or lymphocytic colitis. Stool
culture may help.

Ischaemic patterns can be observed following an
infection with some bacteria such as Escherichia
coli or Clostridium difficile in the later phase. Both
may present as pseudomembranous colitis. The
presence of a hyalinized lamina propria and small
or atrophic crypts are more specific features of
ischemia. Pseudomembranes are more diffuse in
clostridium difficile colitis but they are patchy in
ischemic colitis. An ischaemic pattern with pseudo-
membranes and fibrin thrombi may also be
observed in enterohemorrhagic E. coli infection.
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Drug abuses are also a common cause of acute
diarrhea and they can mimic either infectious coli-
tis or IBD.

Useful Tests

Stool culture may be essential to diagnosis.
Some complementary special histological

stainings can be used for diagnostic purposes
such as the Warthin starry stain or periodic Acid-
Schiff for spirochetosis and microsporidium.

Immune histochemistry (specific antibodies
against CMV, adenovirus, E. coli, Campylobacter,
Samonella, etc.) can also help confirm the
diagnosis.

Molecular biology tests are also available for
some infectious lesions such as for Campylobacter,
Yersinia, Adenovirus, and Norovirus.

Bacterial Infections

See entry “▶Bacterial Enterocolitis”

Viral Infections

Many viruses may affect the colon and the small
bowel. Their clinical features vary according to
the type of virus and the immune status of the
patient. Cytomegalovirus (CMV), Herpes, Ade-
novirus, and Norovirus are the most frequent viral
colonic infections.

CMV
• Incidence

CMV occurs in both immune-compromised
and immune-competent patients, but it affects
most commonly immune-compromised
patients (AIDS, transplant patients). It can
also occur in the context of patients with IBD.

• Site
CMV may be found anywhere in the colon.

• Clinical Symptoms
The most common symptom is bloody or
watery diarrhea with abdominal pain and fever.

• Prognosis
In healthy patients, primary infections are often
self-limited. Sometimes, CMV can cause a
surinfection in cases of chronic intestinal dis-
ease such as ulcerative colitis, Crohn's disease
or can also cause an exacerbation of the IBD.
CMV infection can also lead to toxic mega-
colon in IBD, which is a dangerous
complication.

• Macroscopic Features
CMV causes a wide variety of lesions in the
colon. Ulcers are the most common lesion,
either superficial or deep, linear, single or mul-
tiple. Hemorrhagic colitis, erosions, or pseudo-
membranes may also be seen.

The lesion may be segmental.
• Microscopic Findings

The histologic features are very variable.
Edema, mucosal erosions, diffuse inflamma-
tory changes, vasculitis, and deep and large
ulcers as well as ischaemic changes can be
observed. The characteristic feature is the
owl’s eye eosinophilic intranuclear inclusion
preferentially found in endothelial cells; some-
times in stromal cells, macrophages of the lam-
ina propria, or rarely in glandular epithelial
crypt (Fig. 3). These inclusions are preferen-
tially localized in the ulcer base. They may be
present in intact mucosa as well as in granula-
tion tissue.

• Differential Diagnosis
The differential diagnosis of CMV predomi-
nantly includes other viral infections.

Infectious Colitis, Fig. 3 Characteristic owl’s eye”CMV
inclusions within endothelial cells
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Adenovirus inclusions are more frequently
located within surface epithelium and the
inclusion is usually round to crescent-shaped
and exclusively nuclear. Histologic features of
CMV infections can mimic IBD, ischaemic
colitis, or sur-infected IBD.

• Useful Test
Immune histochemical staining and the use of
probes against early specific antigens may
increase the sensitivity of the diagnosis.

Herpes Virus
Herpes virus infections are most commonly seen
in the anorectum, rarely in the colon and in this
case, it is more frequently seen in immune-
compromised patients. Herpes proctitis is the
most common cause of nongonoccal proctitis in
homosexual patients.

• Clinical Symptoms
Severe anorectal pain, tenesmus, and discharge
are the common symptoms.

• Macroscopic Features
A typical finding is an anorectal ulceration.
Ulcers are often multiple and confluent. Peri-
anal vesicles may be seen as well as anorectal
erosions and friable mucosa. In herpetic colitis,
the most common lesion is an ulceration with
a generally hemorrhagic and friable surround-
ing mucosa.

• Microscopic Findings
Characteristic viral inclusions consisting of
a “ground glass” nucleus with peripheral mar-
ginated chromatin are seen at the edges of
ulcers and in sloughed cells.

• Prognosis
In immune-competent patients, it is a self-
limited disease. Immune-compromised
patients may be at risk for complications.

• Useful Test
Viral culture is the most helpful test to diag-
nose the virus, but immune histochemistry may
also be useful.

• Differential Diagnosis
The differential diagnosis predominantly
includes other viral infection such as CMV
and varicella. Morphology and localization of
the inclusions may help for the diagnosis.

Similarly to CMV, Herpes may superinfect
and complicate preexisting IBD.

Adenovirus
Adenovirus infection is the second most frequent
cause of self-limited childhood diarrhea.

It may be also seen in immune-compromised
patients or transplant patients.

• Site
Anywhere in the colon.

• Clinical Symptoms
Diarrhea, fever, and abdominal pain associated
sometimes with ileal or ileocolic intussuscep-
tion, particularly in children.

• Macroscopic Features
The colonic mucosa is often normal or ery-
thematous and friable.

• Microscopic Findings
The surface epithelial cells show degenerative
changes with focal acute inflammation and
characteristic smudgy crescent-shaped inclu-
sion or apoptotic crypt epithelial cells.

• Useful Tests
Immunohistochemistry and in situ hybridiza-
tion can be helpful for diagnosis.

Norovirus
• Incidence

Noroviruses are nowadays the most common
cause of acute gastroenteritis in adults and rep-
resent the second major cause of severe diarrhea
in infants and young children. Norovirus are
estimated to become the predominant cause of
diarrhea in all age groups worldwide, especially
in infants younger than 5 years of age.

• Epidemiology
Feco-oral spread is the primary mode of trans-
mission. The infectious dose (18–1,000) viral
particles is low. It can be detected in water or
foods (fruit, vegetable, etc.).

• Age
Norovirus disease involves patients of all ages
and targets high-risk groups such as young
children, elderly travelers, and immune-
compromised patients.

• Site
The small intestine is usually involved.

Infectious Colitis 371

I



• Clinical Symptoms
Vomiting and watery diarrhea are the most
common symptoms with an acute onset with
fever. The duration of the illness is short (only
2–3 days) but can last longer (particularly in
children or immune-compromised persons).
Association of norovirus with necrotizing
enterocolitis in newborns, as well as exacerba-
tions of IBD has been described.

• Microscopic Findings
Pathologic studies are limited. The colonic
mucosa shows most often no histological
changes.

• Differential Diagnosis
The differential diagnosis includes other viral
infections. Sometimes, it may be difficult to
distinguish norovirus infection from
graft-versus-host disease (GVHD) since the
pathological characteristics of norovirus infec-
tions may be similar. Computed tomography
may be of help since in norovirus-infected
patients, a bowel wall edema is observed,
restricted to small intestine which is infre-
quently seen in patients with GVHD.

• Prognosis
The illness is self-limited and less severe than
many other infections but is more severe in
children <5 year of age and adults >65 years
of age.

• Useful Tests
PCR can help in the diagnosis.

See also ▶Viral Gastroenteritis.

Fungal, Protozoal, and Helminthic
Infections

Fungal, protozoal, and helminthic infections
can more easily be diagnosed especially when
the pathogenic agents are seen on histological
slides.

The percentage of fungal infections increase in
parallel with the number of transplant patient or
immune-compromised (AIDS) patients. Clinical
symptoms include usually diarrhea, melena,
abdominal pain, and fever. Fungal infections,
such as histoplasmosis, aspergillosis, cryptococ-
cosis, candidiasis, and mucormycosis, can be
diagnosed morphologically. The PAS, Gomori
methenamine silver stain, or Warthin starry
special stain can help to discover the pathogen.
The differential diagnosis includes other types of
infectious colitis as well as Crohn’s disease, ulcer-
ative colitis, and ischaemic colitis. Culture and
immunohistochemistry can be of help for
the diagnosis.

The most common protozoal infection in the
large bowel in developed countries is amoebia-
sis. The trophozoites are most numerous at the
ulcer edges or in the overlying fibrinous exu-
dates (Fig. 4). They are large, round to ovoid,
varying in diameter from 6 to 40 mm, and
contain ingested red blood cells (Fig. 5). The
nucleus is rounded with a dense nuclear mem-
brane and a clear nucleoplasm. The adjacent
mucosa shows a chronic inflammatory infiltrate
containing lymphocytes, histiocytes, plasma

Infectious Colitis,
Fig. 4 Entamoeba
histolytica colitis. The
trophozoite are present in
the overlying fibrinous
exudate of the mucosa
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cells, lymphoid follicles, pronounced edema,
congestion, few crypt abscesses as well as min-
imal inflammation and necrosis. Amoebic
ulcers usually develop slowly allowing cellular
proliferation and fibrosis, thereby, preventing
perforation.
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Synonyms

Infective esophagitis

Definition

Infectious esophagitis is a relatively uncommon
condition as normal esophageal mucosa is
remarkably resistant to infection. Invasive esoph-
ageal infections can present in association with
distinct clinical conditions but occur with few
exceptions in immunocompromised patients, spe-
cifically those with AIDS, leukemia, lymphoma,
and other cancers. Although immunosuppression
from any condition or therapy can potentially lead
to esophageal infections, the individuals at highest
risk for infectious esophagitis are those with HIV
infection and low CD4 counts and leukemia or
lymphoma (especially during chemotherapy)
(Mulhall and Wong 2003).

Some significant risk factors are iatrogenic,
with some cases presenting in the context of che-
motherapy, broad-spectrum antibiotics, immuno-
modulators, and high-dose corticosteroid
administration. There are though important
risk factors other than immunosuppression.
The prevention of esophageal pathogen adherence
is also an important aspect of host defense, and
conditions in which the clearance of organisms is
impaired can result in esophageal infection.
Impairment in salivation, reduction in physiologic
reflux or gastric acid production, injury to esoph-
ageal mucosa, alterations of esophageal motility,
or defects in esophageal clearance can thus result
in infection or colonization of the human

Infectious Colitis, Fig. 5 Entamoeba histolytica tropho-
zoites with foamy cytoplasm, round eccentric nucleus and
ingested red blood cells
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esophagus. Patients with hypochlorhydria, pro-
gressive systemic sclerosis, or achalasia are con-
sequently at risk. Moreover, when equilibrium
amongst commensal organisms is disrupted (as
with antibiotic therapy), organisms with patho-
genic potential can also result in opportunistic
infections. Individuals with conditions like diabe-
tes mellitus, alcoholism, and adrenal insufficiency
may also have alterations in their immune system
that can increase the risk for infectious esophagi-
tis. Finally, as the population ages, host defense
mechanisms weaken, predisposing the elderly
patients to infectious esophagitis.

Infectious agents involved depend consider-
ably on the background conditions and exposure
and include fungi (primarily Candida species,
Aspergillus, Blastomyces, Cryptococcus,
Histoplasma, Coccidioides), viruses (herpes
simplex [HSV], cytomegalovirus [CMV],
varicella zoster virus [VZV], Epstein-Barr virus
[EBV], human papillomavirus [HPV], or human
immunodeficiency virus [HIV]), bacteria (e.g.,
Staphylococcus aureus, Streptococcus
epidermidis, Bacillus species, and Mycobacte-
rium species), and parasites (Trypanosoma cruzi,
Leishmania species). The likelihood of a specific
infectious agent varies with the clinical situation,
but Candida is generally the most common, espe-
cially in the modestly immunocompromised indi-
vidual (Mulhall and Wong 2003). A decreased T-
cell helper or suppressor ratio due to an increase in
the number of suppressor cells in solid transplant
recipients is often associated with CMV esopha-
gitis. In those individuals who are profoundly
immunocompromised, the full spectrum of listed
agents (and sometimes more than one agent) can
be the offending pathogens.

Candida is a commensal organism that is
present as flora in the mouth, gastrointestinal
tract, and vagina in normal individuals and is
easily found in the environment. There are numer-
ous fungal species that are less common inhabi-
tants of the oropharynx and gastrointestinal tract
(e.g.,Candida glabrata, Candida krusei, Candida
parapsilosis, and Candida tropicalis), but they
can be significant pathogens in the right clinical
setting. For a fungal infection to take place, host

defenses must be overcome, including impair-
ment of the host’s ability to clear the pathogenic
organism and problems with cellular immunity,
which allows fungal invasion. Fungal infections
may be (and often are) superimposed to other
types of infections.

Viral pathogens can occur as a primary
infection or as reactivation of previously latent
infection especially in the immunocompromised
patient, particularly in the cases of EBV, CMV,
and HSV.

Human immunodeficiency virus, though a risk
factor for many of the other infections noted ear-
lier, is believed to be a direct pathogen, with HIV
itself leading to esophageal ulcerations. Symp-
toms can be variable but often appear during the
viral prodrome of early HIV infection and include
severe dysphagia and odynophagia, as well as
general symptoms (fever, malaise, weight loss).

Infectious CMV esophagitis can result from
either new exposures or reactivation of latent
virus. Patients with CMV infection have esopha-
geal symptoms (dysphagia or odynophagia) and
usually nonspecific symptoms (nausea and
vomiting, abdominal pain, anorexia, and fevers),
perhaps owing to frequent systemic or multiorgan
involvement.

Esophageal herpes simplexes (human herpes-
viruses 1 and 2) are early and recurrent causes of
morbidity in immunocompromised patients but
can also be found in patients with diminished
mucosa defenses by other pathologic conditions
(i.e., eosinophilic esophagitis). Presumptive diag-
nosis can be made from cytologic scraping of the
lesion or biopsies of the active border.

Bacterial infections of the esophagus can have
significant clinical impact. The pathogenesis of
bacterial esophagitis often involves previous
injury that damaged the integrity of the mucosal
barrier. They are more commonly seen in
patients undergoing chemotherapy, because
granulocytopenia (especially in combination
with hypochlorhydria or acid suppression) is the
greatest risk factor. Infection is generally poly-
microbial, consisting predominately of oral and
upper respiratory flora (e.g., Staphylococcus
aureus, Staphylococcus epidermidis,
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Streptococcus viridans, and Bacillus). Patients
can present with dysphagia, odynophagia, nausea,
and chest pain. The clinical course can be progres-
sive and catastrophic, but more often, it is mild
and asymptomatic.

Infrequently, esophagus can be involved in
systemic infections, with symptomatic esophagitis
and the initial diagnosis made on esophageal
biopsies. Esophageal tuberculosis usually
represents a secondary manifestation of
a disseminated disease. Patients present frequently
with dysphagia, resulting from compression of
enlarged mediastinal lymph nodes. Individuals at
risk for developing esophageal tuberculosis include
immunocompromised patients as well as people
from countries were tuberculosis is still endemic.

Protozoal infection of the esophagus is very rare
but has been described. Visceral leishmaniasismay
rarely involve the esophagus. The reported cases
have been described in HIV-infected patients.

In a few cases, infectious esophagitis can result
in “black esophagus” or acute necrotizing esoph-
agitis (Trappe et al. 2007), a rare entity most often
reported in debilitated patients, particularly in
postoperative cancer patients, or during severe
infections, with ischemia and exposure of the
esophageal mucosa to acid playing probably an
important role. Several pathogens have been
implicated in this condition.

Clinical Features

• Incidence
Infectious esophagitis is clearly uncommon in
normal esophageal mucosa. However, because
of the increased use of steroids and cytotoxic
agents as well as the increase in acquired
immunodeficiency syndrome, the incidence
of opportunistic infections in the esophagus
has increased.

The prevalence of esophageal infections
varies according to the agents involved and to
the underlying condition of the patient (i.e.,
immune status and other pathologic disorders
present). For instance, infectious esophagitis
has been reported to occur in 46% of patients

undergoing upper endoscopy following bone
marrow transplantation and in 24% of the
patients following orthotopic liver transplanta-
tion (Alexander et al. 1988). The individuals at
highest risk for infectious esophagitis are those
with HIV infection with low CD4 counts. For
instance, CMV affects 40% or more of HIV-
infected patients with CD4+ T-cell lymphocyte
counts less than 100 cells//xL. Candida
albicans is one of the most frequent causes of
infectious esophagitis, especially in patients
with AIDS, and is found in approximately
50% of symptomatic individuals (Lewin-
Smith et al. 1998).

• Age
The age distribution of infectious esophagitis
depends of the underlying predisposing
condition.

• Sex
Infectious esophagitis is a very heterogeneous
condition with no predilection for gender in
general.

• Site
The affected segment of the esophagus will
depend mainly of the pathogen and the under-
lying condition. For instances, with herpetic
esophagitis the lesions develop in the middle
and distal thirds of the esophagus in about 90%
of the cases.

• Treatment
The treatment will vary according to the path-
ogen involved. General measures include limit
use of antibiotics, corticosteroids, and other
immunosuppressant as much as possible as
well as strive to reduce exposure to pathogens,
particularly in immunocompromised patients.

For patients at risk for fungal esophagitis
(especially patients with AIDS) presenting with
dysphagia or odynophagia, oral systemic ther-
apy is most appropriate. Initiation of fluconazole
is the accepted standard in the United States and
Europe; itraconazole is a reasonable alternative,
especially in cases that demonstrate fluconazole
resistance. For patients with more significant
systemic symptoms, granulocytopenia, or an
inability to tolerate oral medications, parenteral
therapy may be required.
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When infection with other pathogens has
been excluded and esophageal lesions are con-
sistent with HIValone, therapy with oral corti-
costeroids may be warranted. If this therapy
fails or other comorbidities dictate, oral dexa-
methasone, sucralfate, or thalidomide can be
tried.

Patients with herpetic esophagitis should
be considered for treatment with acyclovir,
although results comparable to its use in the
treatment of labial HSV have not been
documented. However, the use of acyclovir,
with its limited side effect profile, appears
acceptable in symptomatic individuals.
Parenteral acyclovir should be initiated
until the patient can be converted to oral
therapy (when dysphagia or odynophagia is
resolved).

In CMV infection of the esophagus, paren-
teral therapy with ganciclovir or foscarnet is
warranted. Both regimens may require mainte-
nance therapy until immunosuppression
resolves or indefinitely. Prophylaxis against
CMV infection is accepted practice for those
patients undergoing immunosuppression for
organ transplantation. It should be considered
in the appropriate setting for all individuals
who are immunosuppressed and at risk for
CMV infection.

For patients with bacterial esophagitis,
usually with polymicrobial infections,
appropriate therapy must be broad spectrum.
If resistant organisms are discovered, these
findings should help refine therapy.
Otherwise, broad-spectrum monotherapy or
combination therapy should be initiated.

• Outcome
Depending on the pathogen involved and the
immune status of the patient, this condition can
have significant morbidity and mortality, if
unrecognized. In severe cases esophagitis can
become invasive with necrosis and esophageal
perforation, leading to life-threatening sepsis
due to mediastinitis, aspiration pneumonia, or
pleural contamination. In some cases (i.e.,
HSV esophagitis), submucosal fibrosis can
lead to subsequent esophageal stricture
formation.

Macroscopy

The macroscopic aspects of esophageal infection
are usually assessed by endoscopy and depend
mainly on the pathogen implicated, although in
some cases the lesions are nonspecific. In rare
circumstances the macroscopic lesions have
been described as acute esophageal necrosis or
“black esophagus,” an uncommon entity defined
as a dark pigmentation of the esophagus associ-
ated with histologic mucosal necrosis.

Endoscopy favors the diagnosis of candida
infection when whitish mucosal plaques are
found, especially with underlying esophagitis
and mucosal erythema, hyperemia, and friability
(generally without ulcerations). In advanced
cases the esophagus becomes narrowed, with
a cobblestoned appearance. Rarely, fungal
esophagitis assumes a polypoid or multinodular
shape.

In HIV esophagitis discrete mucosal aphthoid
lesions are usually found, but can coalesce and
deepen, leaving large areas of ulceration
(“giant esophageal ulcers”) and predisposing the
patient to secondary infection, esophageal
bleeding, fistulae, or mucosal perforation.

In esophageal herpes simplex, “punched-out”
ulcers are typical, often large and multiple, and
frequently recur and persist, particularly in
severely immunocompromised patients. Early in
the course of herpetic infection, vesicular lesions
develop, but vesicles do not last long, and the
more common findings are the typical discrete
ulcers with white exudates in their bases and ery-
thematous or yellow raised margins. Large areas
of denuded mucosa develop in severe disease.

In CMV esophagitis endoscopic lesions are
often described as superficial and longitudinal or
serpiginous in the mid- to distal esophagus, but
they can vary greatly in their appearance. Ulcers
can coalesce and diffuse ulceration has been
described.

Patients with bacterial esophagitis usually
present with ulcerations, discrete plaques, or
pseudomembranes in the esophageal mucosa; dif-
fuse mucosal friability is common.

In rare cases of Leishmania esophagitis,
diffuse erythematous mucosa with extensive
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shallow and deep linear ulceration and sometimes
Candida-like plaques can be seen on endoscopy.

Microscopy

The histologic diagnosis of infectious esophagitis
relies mainly on the identification of an agent or of
characteristic aspects (particularly with viral
esophagitis). The microscopic features depend of
the implicated pathogen, although in some cases
findings can be nonspecific, mainly when biopsies
are superficial or involve only the base of ulcers.
The immune status of the patient also influences
histologic findings, as in general in immunocom-
petent patients only a small number of typical
lesions are present (e.g., viral inclusions), whereas
in immunosuppressed patients these are usually
numerous cells presenting diagnostic features.
Another characteristic of infectious esophagitis
in immunosuppressed individuals is the presence
of multiple agents. Fungi and bacteria can coexist
with HSVesophagitis, as well as CMV.

Diagnosis of infectious esophagitis related to
Candida requires that biopsies demonstrate
sloughing of epithelial cells with fungal invasion
into the epithelium. Mycelia (hyphae), pseudo-
mycelia, and budding yeasts are more character-
istic of infection than colonization, and they
should be demonstrated histologically to make
the diagnosis of candidal infectious esophagitis.
The mucosa and lamina propria appears acutely
and chronically inflamed with areas of ulceration
and granulation tissue in severe cases. When can-
dida becomes pathogenic, it invades the underly-
ing tissues. The yeasts and pseudohyphae (with no
true branching) have poor staining with H&E but
a strong magenta stain with PAS, sometimes use-
ful, especially in cases with lots of debris and
inflammation. Other special stains such as Grocott
or silver methenamine (Fig. 1) also highlight the
fungal presence.

In HIVesophagitis the esophagus exhibits var-
iable inflammatory infiltrates, erosions, and ulcer-
ations, although in some cases there are only focal
edema and rare apoptotic cells. The submucosa
usually becomes densely infiltrated with neutro-
phils, and a few mononuclear cells may extend

into the muscularis propria. The ulcers can
become quite large.

Cytomegalovirus induces cytomegaly, forms
inclusions, and exhibits a predilection for growth
in endothelial and mesenchymal cells. CMV
induces cytopathic effect in glandular cells, fibro-
blasts, and endothelial cells making particularly
important to take biopsies from the base of ulcers
to evaluate for this pathogen. Vasculitis with sub-
sequent thrombosis and ischemia accounts for
much of the significant pathology. Rarely, CMV
may induce pseudotumors composed of granula-
tion tissue and fibrosis with areas of acute and
chronic inflammation. The enlarged nucleus of an
infected cell possesses an oval ground-glass inclu-
sion with a peripheral halo, the so-called “owl-eye”
intranuclear inclusion (Fig. 2). Cytoplasmic inclu-
sions are coarse and granular. Atypical ground-
glass inclusions may be present, and the diagnosis
can then be confirmed by immunohistochemistry
or in situ hybridization. However, macrophage
aggregates may be the only clue, and the diagnosis
should be confirmed with immunohistochemical
stains for antigens at the various stages of infection
or viral culture.

On biopsy specimens from patients with herpes
simplex esophagitis, there is acantholysis, ero-
sions, vesicles and/or ulcers, as well as a variable
degree of acute and chronic inflammation. Herpes
simplex virus infects the squamous epithelium and
infected cells are often multinucleated with
ground-glass or eosinophilic (Cowdry type A)

Infectious Esophagitis, Fig. 1 In this high-power
Grocott stain, mycelia, pseudomycelia, and budding yeasts
can be seen admixed with debris and inflammatory cells
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intranuclear inclusions (Fig. 3). Biopsies taken
from the base of herpetic ulcers only reveal pres-
ence of nonspecific inflammatory infiltrates, necro-
sis, and granulation tissue. The histologic features
are not specific for herpes simplex virus but also
develop in patients with herpes zoster infection. If
necessary, viral culture, in situ hybridization, or
immunohistochemistry can be used to differentiate
herpes simplex from zoster.

Diagnosis of bacterial esophagitis requires
biopsies that show numerous bacteria on Gram’s

stain, with histologic evidence of bacterial inva-
sion into the subepithelium without concomitant
fungal or viral disease. Bacterial infections can
produce a diffuse necrotizing process character-
ized by the presence of a dense neutrophilic
exudate, necrosis, and cellular degeneration.
Cultures of biopsies may not be informative
given the high likelihood of growing
non-pathologic bacteria as well, but they may
help detect patterns of antibiotic resistance.

The histologic features of tuberculosis
resemble those seen elsewhere in the gastrointes-
tinal tract, with the presence of caseating
granulomas containing epithelioid histiocytes,
giant cells, and acid-fast bacilli.

Diagnosis of Leishmania depends on the
identification of amastigotes on the biopsy of the
esophageal ulcers, usually in macrophages in the
submucosa (Fig. 4).

Immunophenotype

Ancillary techniques, such as immunohistochem-
istry or in situ hybridization, can be particularly
valuable to confirm suspected viral esophagitis.
Especially when CMV inclusions (Fig. 5) or HSV
are atypical, immunohistochemistry is useful and
usually reveals the presence of many positive cells
that would not have been predicted by the exam-
ination of H&E stained slides only.

Infectious Esophagitis, Fig. 3 High-power H&E stain
of herpes simplex esophagitis. Biopsies taken from
herpetic ulcers reveal presence of squamous infected
cells, often multinucleated with ground-glass (Cowdry
type A) intranuclear inclusions as well as inflammatory
infiltrates, necrosis, and granulation tissue

Infectious Esophagitis, Fig. 4 High-power H&E stain.
Amastigotes on a biopsy of Leishmania esophagitis

Infectious Esophagitis, Fig. 2 High-power H&E stain
of CMVesophagitis. Characteristic cytopathic effect on an
infected mesenchymal cell, with enlarged nucleus and oval
eosinophilic inclusion
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In HIV esophagitis, biopsies may demonstrate
HIV viral particles and genomic sequences
(Lewin-Smith et al. 1998).

Molecular Features

There are no significant molecular aspects
concerning infectious esophagitis.

Differential Diagnosis

The differential diagnosis of infectious esophagi-
tis includes reflux esophagitis, inflammation
caused by lodging of medicinal agents (“pill”
esophagitis), and esophagitis after the ingestion
of corrosive agents. The correct diagnosis relies
on correct clinical information, on endoscopic
data, and on the identification of a causative agent.
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Synonyms

Chronic idiopathic inflammatory bowel diseases;
IBD

Definition

Inflammatory bowel diseases (IBD) is a group of
chronic idiopathic inflammatory conditions that
affect mainly the small intestine and the colon.
The two major types are ulcerative colitis (UC)
and Crohn’s disease (CD). There is a genetic pre-
disposition for IBD, and patients with this condi-
tion are more prone to the development of
malignancy. Further types to be considered are
indeterminate colitis (IC) and inflammatory
bowel disease unclassified (IBDU). These are
essentially “temporary diagnoses” when the
difference between UC and CD cannot be
established definitely at the time of presentation.
IC should be used when examination of surgical

Infectious Esophagitis, Fig. 5 Immunohistochemistry
can be useful in some cases of viral esophagitis, as shown
in this high-power picture of an esophageal biopsy stained
with CMVantibody
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samples is available together with clinical,
serological, and imaging data, while IBDU is
used for patients from whom only endoscopic
biopsy samples are available. Many of the patients
classified as “Indeterminate Colitis” present clin-
ically with severe disease. Other chronic inflam-
matory conditions that are however not always
classified as IBD are collagenous colitis, lympho-
cytic colitis, and variants together often called
“microscopic colitis” and diversion colitis.

CD and UC must be considered in the
differential diagnosis of clinically acute colitis
because of differences in treatment strategies
between infections and IBD. The differential
diagnosis is particularly important when the
complaints are persisting, when the diarrhea is
excessive, when the patient is severely ill and in
patients presenting with chronic bloody diarrhea
with three or more loose stools for more than
30 days (persistent diarrhea; children more than
14 days). Disease severity at its onset, disease
extent, and patient age at the time of diagnosis,
along with other patient variables, determine
overall disease severity and the likelihood of
subsequent morbidity and mortality. Once
established, IBD patients suffer episodic acute
attacks that become superimposed on chronic dis-
ease. As a result, the patient is likely to suffer from
potentially disabling disease for decades.

Since the large intestine is frequently involved
and since it is accessible for biopsy, the colon is
a major source of tissue for diagnosis of IBD and
other forms of colitis. The differential diagnosis
between IBD and infectious colitis and other
types of colitis may be difficult: in patients
coming from tropical or subtropical countries
where infections are more likely. A diagnosis of
IBD must be made cautiously, whenever more
than one person has been acutely ill at the same
moment. In such a situation, food poisoning has
to be considered.

Despite years of intensive research, the
etiologies of CD and UC are unknown. The
current understanding of the pathogenesis of
IBD implies a dysfunction of the interplay
between genetic factors, environmental factors
(the inciting agent may be environmental such as
a bacterial infection), and the immune system.

Clinical Features

• Incidence
Neither UC nor CD is a new disease. There
were case series of patients with ulcerative
colitis published already during the nineteenth
century and a patient presented by Lesniowski
in Poland (1904) and a series published by
Kenneth Dalziel in 1913 constitute cases of
Crohn’s disease more than 20 years before
Dr. Burrill B. Crohn’s original description.
UC and CD afflict individuals in many parts
of the world. Studies assessing the incidence
show an increase in both diseases after the
Second World War, especially in the United
States, Great Britain, and Scandinavia. They
also show a strong correlation in the occur-
rence of UC and CD. Areas or populations
with a high incidence attributable to UC also
have a high incidence due to CD and vice
versa. There is also a strikingly consistent pat-
tern with regard to temporal trends for both
diseases. An increasing incidence of UC gen-
erally precedes an increase in CD with a time
lag of approximately 15–20 years. In most
instances, the incidence figures of UC are
higher than for CD. In the case of CD, the
incidence seems to level off around 6.0 per
100,000. For UC, the incidence is approxi-
mately 15–20 per 100,000 although higher fig-
ures have been reported. The increase has
involved all age groups except early childhood
(<11 years) and old age (>80 years). A global
north–south variation in the incidence of IBD
has also been documented. Standardized inci-
dence rates of 10.9–12.8 for ulcerative colitis
and 6.0–7.0 for Crohn’s disease have been
reported from northern California and Scandi-
navia. Rates of 2.0–6.3 for ulcerative colitis
and 0.9–3.1 for Crohn’s disease have been
observed in the southern hemisphere. The
results from a major study in Europe, including
20 different centers in the early 1990s to test
this hypothesis, suggest however, that the
north–south gradient could be more a historic
phenomenon.

In surgical series, the percentage of cases
difficult to classify ranges between 10%
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and 16%. Accordingly, these patients are clas-
sified as IC. In newly diagnosed patients,
analysis of multiple endoscopic biopsies of
colon and ileum allows a correct diagnosis
and classification in 66–75%. The addition
of endoscopic and clinical data allows a final
diagnosis in approximately 90% of the cases.
In children, 4–23% of new-onset cases pre-
sent with an equivocal diagnosis. Patients
with uncertain diagnosis are classified as
IBDU.

Epidemiologic studies show that “micro-
scopic colitis” is almost as common as classic
IBD. It may be diagnosed in 10% of patients
investigated for chronic non-bloody diarrhea.
Incidence rates of 2.6/100,000–10.8/100,000
inhabitants have been reported for collagenous
colitis and 2.2 –14 per 100,000 inhabitants for
lymphocytic colitis.

• Age
From a population-based cohort from Copen-
hagen county, it appears that approximately
7% of the patients diagnosed with ulcerative
colitis and 6% of the patients with Crohn’s
disease had an onset before 15 years of age.
The median age at diagnosis was 12 years,
indicating a steep increase in incidence around
puberty. During the 26 years of the study, the
mean incidence of IBD in children remained
low at 2.2 per 105. Ulcerative colitis occurs in
all ages, but the major peak is in the 15–25 age
range, but some suggest a second smaller peak
in the 1960s. It is extremely uncommon above
age 75. IBDU is more prevalent in younger age
(<12 years).

Microscopic colitis is mainly observed at
older age, being diagnosed in approximately
20% of patients older than 70 years presenting
with non-bloody diarrhea. It is a rare phenom-
enon in childhood.

• Sex
The sexes are affected approximately evenly,
although there may be a female predominance
for Crohn’s disease with female-to male ratios
being 1.3–1.89 to 1.0. In Japan, however, the
male predominance for Crohn’s disease is gen-
erally accepted. The incidence is 0.51 per
100,000 (male : 0.71; female : 0.32). The

situation is reversed for ulcerative colitis
(Binder 2004).

Microscopic colitis typically affects elderly
woman. The female predominance is less
pronounced for lymphocytic colitis.

• Site
Crohn’s disease can affect the whole gastroin-
testinal tract although the terminal ileum and
right colon are the sites most frequently
involved. The stomach and esophagus can
also show typical features. Ulcerative colitis
is limited to the colon. In patients with
pancolitis, the terminal ileum may be affected
in continuity. Indeterminate colitis and IBDU
are equally limited to the colon, because
involvement of the colon would orient toward
CD. In patients with IC or IBDU, involvement
of the stomach can also be an argument for
a definite diagnosis of CD, although even in
UC, gastric inflammation can be present, espe-
cially in young children. Collagenous colitis
and lymphocytic colitis primarily involve the
colon, although in a minority of patients, the
terminal ileum may be involved too.

A large percentage of IBD patients suffer
from one or more extraintestinal complications
such as musculoskeletal complications and
hepatobiliary disorders at some time during
the course of their disease. In CD, up to 30%
of patients are affected. These complications
affect many organ systems and may be of little
clinical consequence, or they may be severe
and be critical determinants in directing
therapy.

• Treatment
The goal of medical treatment in IBD is to
reduce the inflammation and by doing so
induce symptom relief and eventually long-
term remission. Anti-inflammatory treatment
consists of aminosalicylates, topical or sys-
temic corticosteroids, and immune system sup-
pressors, including biologicals. Antibiotics can
be used for complications. Other medications
such as antidiarrheals and pain relievers can
help for symptoms. If medical treatment, diet,
and life style changes are insufficient, surgery
may be indicated. Microscopic colitis can by
treated with topical steroids.
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• Outcome
The typical course of IBD includes periods of
remission interspersed with flare-ups. The
course of CD is more variable The annual
colectomy rate after the first year is 1% for all
persons with UC. Surgery for UC generally is
performed for the complications such as stric-
tures and fistulas. Microscopic colitis is usually
a more benign disease although surgery was
needed in occasional cases.

Macroscopy

UC is a colonic disease. It starts from the rectum,
spreading proximally and in continuity and
involving a variable length of the colon (Fig. 1).
It is characteristically a left-sided disease. CD is
more frequently a right-sided disease. The
terminal ileum and proximal colon are the
commonest sites involved, followed by
the anorectum and colon. Perianal disease is com-
mon. In IC, one finds extensive ulcerations,
involvement of transverse and right colon, with
usually diffuse disease (less severe in the distal
colon). In microscopic colitis, classically, the
endoscopic pattern is normal.

Microscopy

The mucosal lesions of IBD consist of epithelial
alterations and a cellular inflammatory response.
The former includes cytological and architectural
changes, indicative of damage and repair. Struc-
tural changes in the colon include the presence of
an irregular surface, sometimes called pseudo-
villous or villiform surface and a disturbed crypt
architecture. Crypt distortion (abnormalities in
shape) includes shortened crypts that become
widely separated from the underlying muscularis
mucosae, crypt drop-out, and especially promi-
nent crypt budding (branching crypts, bifid
crypts) (Fig. 2). Mucosal atrophy (synonym:
crypt atrophy) is a combination of crypt drop-out
and shortening of crypts. Several other features
may help to establish a diagnosis of IBD. These
include mucosal ulcerations and erosions, mucin
depletion, Paneth cell metaplasia, and alterations
of the muscularis mucosae. The cellular inflam-
matory response consists of changes in density of
the infiltrate, alterations in composition, and
changes in the distribution pattern. Accumulation
of plasma cells near the mucosal base or in
between the crypt base and the muscularis muco-
sae (basal plasmacytosis) is a common and early
feature.

The pathological diagnosis of IC on resected
specimens relies on the presence of “overlapping
features” or the absence of a “clear diagnostic

Inflammatory Bowel Disease, Fig. 1 Endoscopic
picture of ulcerative colitis showing diffuse mucosal
disease

Inflammatory Bowel Disease, Fig. 2 Microphotograph
of mildly active ulcerative colitis showing disturbed crypt
architecture (shortened crypts) and basal location of cellu-
lar infiltrate
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pattern.” It is not a real “positive” diagnosis. IC
usually is characterized by extensive ulceration
with a sharp transition to normal adjacent mucosa
and multiple V-shaped ulcers lacking surrounding
inflammation. Overlapping features between UC
and CD are “severe mucosal and wall involve-
ment,” including none aggregated transmural
inflammation, fissures reaching the muscularis
propria, and a discontinuous pattern. No clear
histological features have been reported for
a positive diagnosis of IBDU on endoscopic
biopsies.

The diagnosis of collagenous colitis on rou-
tinely hematoxylin and eosin stained sections is
based on the presence of a thick amorphous hya-
line eosinophilic band immediately beneath the
superficial epithelium of the mucosa (Fig. 3).
This layer has an irregular, jagged aspect of the
lower edge. The thickness is>10 mm. Its presence
is associated with inflammation. The diagnosis of
lymphocytic colitis is based upon a diffuse
increase of intraepithelial lymphocytes (IELs)
(>20 IELs per 100 epithelial cells) in the superfi-
cial epithelium without associated thickening of
the subepithelial collagen accompanied by an
increase of lamina propria inflammatory cells.

Immunophenotype

In animal models, inflammation generally occurs
as a result of T lymphocytes. CD4+ T helper (H)
cells regulate critical aspects of the acquired
immune response. They have been classified as

either TH1 or TH2 on the basis of function and
according to their ability to elaborate specific
cytokines. TH1 cells orchestrate cell-mediated
immune responses and are characterized by the
ability to secrete interleukin (IL)-2, IL-12, and
interferon-g (IFN-g). TH2 cells, in contrast, medi-
ate humoral responses and secrete IL-4, IL-5, IL-
6, IL-10, and IL-13. This dichotomy between TH-
1 and TH-2-like mucosal inflammation is partly
seen in human IBD in that the histopathological
features of UC resemble those of experimental
TH-2 cell-mediated colitis while CD would be
more a TH-1 response. Cytokine patterns in
these diseases are in accordance with these dis-
tinct mechanisms although the cytokine pattern in
UC is less clear. It does not fit entirely into the
TH1/TH2 dichotomy but more closely resembles,
at least in established disease, a modified TH2
response. The immune response may also change
during the course of the disease.

Molecular Features

Classifying IBD patients is important for deci-
sions on the intensity of follow-up and therapy.
The most recent classification Montreal classifi-
cation is based on clinical grounds: for CD, the
age at diagnosis and disease location and behav-
ior and for UC, the age at diagnosis and the
extent of disease. A molecular reclassification
using serology and/or genetic markers is still
premature, but might in the future become
important for disease stratification, the

Inflammatory Bowel
Disease,
Fig. 3 Microphotograph of
a biopsy from a patient with
collagenous colitis showing
the irregular thickening of
the subepithelial collagen
band
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prediction of prognosis at the time of diagnosis,
and the prediction of therapy outcome.

Differential Diagnosis

IBD must be differentiated from acute usually
infectious colitis. In addition, there are several
chronic conditions which can mimic IBD. These
include chronic infections such as intestinal tuber-
culosis due to Mycobacterium tuberculosis or
unusual types of mycobacteria and amoebic coli-
tis which can mimic both UC and CD, some drug-
related types of colitis such as NSAIDs induced
colitis, diverticular-disease associated colitis,
intestinal endometriosis which can mimic CD or
be associated with CD, the solitary rectal ulcer
syndrome.
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Synonyms

Polypoid variant of solitary rectal ulcer

Definition

The inflammatory cloacogenic polyp is a benign
polypoid lesion of the anal transitional zone
(ATZ). It is included into the mucosal prolapse
syndrome with other conditions, with which it
shares some histological and pathogenic features,
such as the solitary rectal ulcer, the colitis cystic
profunda, the inflammatory myoglandular polyp,
and the cap polyp and polyposis.

Cloacogenic polyp is considered as a result of
nonspecific regenerative changes of the anorectal
mucosa caused by recurrent prolapse, or mucosal
injury. It could result from mucosal ischemia and
regenerative changes secondary to anal mucosal
prolapse, caused by constipation, chronic disor-
ders of defecation, and inappropriate puborectalis
muscle contractions. The same type of changes
can also be seen in other situations with mucosal
prolapse, such as colonic intussusceptions,
prolapsed colostomies, prolapsed hemorrhoids,
prolapsing polyps in association with diverticular
disease, and altered colonic mucosa adjacent to
tumors.

Inflammatory cloacogenic polyp is discovered
in patients presenting with various clinical
symptoms. Rectal bleeding is the most common
symptom, but patients can complain of tenesmus,
mucoid stools, sensation of incomplete evacua-
tion, and mucosal prolapse during defecation and
constipation. It can be fortuitously discovered
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during rectoscopy performed for other conditions.
Digital rectal examination can show a palpable
polyp at the level of the dentate line.

Clinical Features

• Incidence
The frequency of this rare entity is difficult to
assess, but its prevalence could be similar to
that of solitary rectal ulcer, 1 in 10,000 persons
per year.

• Age
Inflammatory cloacogenic polyp is reported in
children and in elderly patients, but it predom-
inantly affects adults aged between 30 and
50 years.

• Sex
Inflammatory cloacogenic polyp is diagnosed
equally in males and females.

• Site
Inflammatory cloacogenic polyp is typically
located in the transitional mucosal zone of the
anal canal, the so-called ATZ for anal transi-
tional zone.

• Treatment
Treatment of inflammatory cloacogenic polyp
consists of excision of the polyp by
mucosectomy or endoscopic polypectomy.

If present, constipation and anorectal muco-
sal prolapse can be treated by conservative
therapy, with high-fiber diet and laxative med-
ication. Surgical treatment is reserved for
recurrent prolapse that does not respond to
medical treatment, and includes submucosal
injection of sclerosing agents, Thiersch
cerclage, transanal excision of prolapsing ante-
rior rectal mucosa, perineal rectopexy with or
without sigmoid resection. Patients with inap-
propriate contraction of the puborectalis mus-
cle can be offered biofeedback.

• Outcome
The natural history of inflammatory
cloacogenic polyp is uncertain, but it does not
seem to recur after polypectomy. Inflammatory
cloacogenic polyp is a non-neoplastic condi-
tion, but anal intraepithelial neoplasia and in
situ squamous cell carcinoma have been

described, fortuitously discovered in an
inflammatory cloacogenic polyp. There are
very rare cases of rectal adenocarcinoma
occurring in prolapsed anorectal mucosa and
fortuitously associated with an inflammatory
cloacogenic polyp.

Macroscopy

Inflammatory cloacogenic polyp usually consists
of a pale, friable, sometimes villiform polyp at the
anal transitional zone. It has a smooth surface
devoid of coarse lobulation and irregular
nodularity, which are common features in dys-
plastic rectal adenomas. It can have a red color
due to hyperemia or congestion and can be
ulcerated.

Microscopy

Inflammatory cloacogenic polyp has a
tubulovillous pattern of growth (Fig. 1). The sur-
face epithelium consists of squamous, columnar
(lined with enterocytes and goblet cells), or tran-
sitional epithelium, and may be ulcerated. Cyto-
logically, the epithelium is usually normal but can
show regenerative atypia with increased mitoses,
nuclear pseudostratification, and a varying
amount of goblet cell depletion. The crypts are
elongated and hyperplastic and can show serrated

Inflammatory Cloacogenic Polyp, Fig. 1 Villous
pattern of cloacogenic polyp with inflammation and
regeneration
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changes, and distortion with branching and short-
ening. There may be displaced groups of crypts
into the submucosa, with dilated angular “dia-
mond-shaped” crypts.

The lamina propria is edematous and shows an
increased number of fibroblasts and chronic inflam-
matory infiltrate, with sometimes deposition of
excess collagen and elastin. There is often an
increase of dilated capillaries beneath the surface
epithelium, with hemorrhage and hemosiderin
deposition (Fig. 2). The muscularis mucosa is dis-
organized, thickened, and hyperplastic with upward
extension of smooth muscle fibers into the lamina
propria, between the crypts, resulting in character-
istic fibromuscular obliteration of the lamina pro-
pria with disorientation of muscle fibers (Fig. 3).

Immunophenotype

The diagnosis of inflammatory cloacogenic polyp
is performed on microscopic examination of H&E
stains, and there is no need of immunohistochem-
ical stains for the diagnosis or to exclude differ-
ential diagnoses.

Molecular Features

No specific genetic abnormalities have been
described in inflammatory cloacogenic polyps.

Differential Diagnosis

Macroscopically, inflammatory cloacogenic
polyp may mimic anorectal carcinoma or
adenoma.

On microscopic examination, the
tubulovillous architecture of the inflammatory
cloacogenic polyp, with regenerative epithelial
atypia, may sometimes cause diagnostic difficul-
ties. It may mimic a villous adenoma, but dys-
plasia with crowded glands, lined by cylindrical
basophilic cells with pseudostratified nuclei and
increased mitotic activity, is absent in inflamma-
tory cloacogenic polyp. Serrated architectural
changes of crypts may mimic a sessile serrated
adenoma or traditional serrated adenoma, but in
inflammatory cloacogenic polyp, the glands are
not typically dilated at the base with an L or
T appearance, and there are numerous muscle
fibers elongating from the muscularis mucosae
between the crypts. The presence of misplaced
glands with or without mucus lakes, within the
submucosa (proctitis cystic profunda), may sim-
ulate mucinous adenocarcinoma, but the absence
of carcinomatous cells in the mucus lakes, often
surrounded by fibro-inflammatory changes, and
the typical appearance on the surface of the
lesion are key features for the differential
diagnosis.

Inflammatory Cloacogenic Polyp, Fig. 2 Surface
erosion in the upper part of cloacogenic polyp, with dilated
capillaries in the lamina propria

Inflammatory Cloacogenic Polyp, Fig. 3 Distorted
groups of glands, some of which are diamond-shaped,
and fibromuscular obliteration of the lamina propria
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Inflammatory Fibroid Polyp,
Lower Gastrointestinal Tract

Berna Savaş
Department of Pathology, Ankara University
Medical School, Ankara, Turkey

Synonyms

Eosinophilic submucosal granuloma; Vanek’s
tumor

Definition

Inflammatory fibroid polyp (IFP) is a rare mesen-
chymal lesion of the gastrointestinal tract first
described by Vanek in 1949. In 1953, Helwig
and Ranier proposed the term “inflammatory
fibroid polyp,” which is generally accepted at
present. IFPs are most commonly found in the
stomach but can occur throughout the GI tract
and in one series were more prevalent in the
small bowel. IFPs have been reported in different
sites, such as the esophagus, duodenum, and

ileoanal pouch, but they occur relatively rare in
colorectum.

Presenting symptoms can vary and may
include abdominal pain, weight loss, and symp-
toms of GI obstruction or intussusception. IFP
may also present as an incidental finding on
routine endoscopic examination. IFPs may be
associated with concurrent neoplastic (carcinoma,
adenomatous polyps) and non-neoplastic (usually
inflammatory) lesions of the GI tract.

Clinical Features

• Incidence
IFPs are very rare tumors. The exact incidence
of lower GI tract IFPs is not known. In a review
of 76 cases, Johnstone and Morson found
a relative incidence of 75% gastric, 18% small
intestinal, 7% colonic, and 1% esophageal.

• Age
IFPs occur mostly in adults but can occur in the
pediatric cases, with a wide age range (2–90
years). The peak incidence is between fifth and
sixth decades.

• Sex
Though there is no significant sex predilection,
in two reviews, a slight male predominance has
been noted.

• Site
In the lower GI tract, the most common
reported site is the small intestine (10.5%),
while 0.5% of the cases were in the colon. In
the colon, most of the lesions tend to be found
in the right colon.

• Treatment
Local excision is usually curative. For larger
lesions or in case of GI obstruction and intus-
susception, surgical excision can be applied.

• Outcome
IFP is a benign lesion that does not metastasize
and rarely recurs.

Macroscopy

IFPs represent as sessile or polypoid, solitary or
multiple masses ranging in size from <1 to
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7.5 cm. IFPs originate from submucosa where
they appear as circumscribed oval-to round
nodules of firm, gray-tan connective tissue that
protrude into the intestinal lumen. In the majority
of cases, the overlying mucosa is either eroded or
ulcerated.

Microscopy

Colonic and small intestinal IFPs have similar
appearance. IFPs are submucosal tumors, but
they can infiltrate into the overlying mucosa and
the muscularis propria or serosa. Histologically, it
is distinguished as a localized proliferation of
spindle, stellate, and cytologicaly bland cells
centered in the submucosa accompanied by an
inflammatory reaction predominantly composed
of eosinophils and lymphocytes, with lymphatic
vessels, capillaries, and vascular channels in an
edematous or myxoid stroma (Figs. 1–3). The
vascular network ranges from capillaries to larger
vessels, which may be occluded. Stromal cells
tend to be arranged in an onion skin pattern
around the vessels and crypts. Mitotic figures are
rare but may occasionally be found in the deeper
parts of the lesion. Atypical mitoses are never
found. Larger lesions may have collagen deposi-
tion and smooth muscle proliferation in
the mucosa.

Immunophenotype

Stromal cells of IFP positively stained with
vimetin, CD34, fascin, CD35, cyclin D1, and
calponin. Smooth muscle actin positivity can be
found in a small portion of polyps. IFP is
negative for CD117 (ckit) and DOG1.

Molecular Features

Most investigators considered this lesion to be
of non-neoplastic, benign, and reactive origin.
However, recently, mutations in platelet-derived

Inflammatory Fibroid Polyp, Lower Gastrointestinal
Tract, Fig. 1 Submucosal polypoid tumor in ileum (H&E,
�40)

Inflammatory Fibroid Polyp, Lower Gastrointestinal
Tract, Fig. 3 Prominent eosinophil and lymphocyte infil-
tration (H&E, �400)

Inflammatory Fibroid Polyp, Lower Gastrointestinal
Tract, Fig. 2 Tumor is composed of bland mesenchymal
cells with prominent inflammatory cells and blood vessels
(H&E, �100)
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growth factor receptor alpha (PDGFRA) were
reported in IFPs of the stomach and
small intestine, raising suspicion of a possible
neoplastic origin and relationship between
PDGFRA-mutated gastrointestinal stromal
tumors (GISTs) and IFPs.

Differential Diagnosis

It is important to distinguish eosinophilic
gastroenteritis, especially its localized forms.
Eosinophilic gastroenteritis affects mostly
younger people with a personal and family history
of allergic disorders, peripheral blood eosinophilia,
and tends to be multifocal. Primary and metastatic
polypoid mesenychmal lesions of lower GI tract
should be considered in the differential diagnosis
of IFPs. Accordingly, an important differential
diagnostic consideration may represent▶ gastroin-
testinal stromal tumor (GIST). GIST tends to be
more cellular, composed of spindle and/or epitheli-
oid cells showing positivity with the antibody
against KIT protein. Hemangioendothelioma and
hemangiopericytoma are rare tumors should be
considered in the differential diagnosis of IFP.
Both of the tumors consist of oval-to-spindle cells
showing factor VIII-related antigen and factor
XIIIa positivity, respectively, as well as lack of
stoma with prominent inflammatory cells. Inflam-
matory myofibroblastic tumor which generally
affects younger patients, and lacks prominent infil-
tration of eosinophils, is an another differential
diagnostic consideration. Immunohistochemically,
inflammatory myofibroblastic tumor cells are often
positive for anaplastic lymphoma kinase (ALK),
and variably for SMA.
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Synonyms

Eosinophilic granuloma; Eosinophilic pseudo-
tumor; Granuloblastoma; Submucosal granuloma
with eosinophilic infiltration; Vanek’s polyp/
tumor

Definition

Inflammatory fibroid polyp is a benign
submucosal tumor composed of bland spindle
and/or stellate mesenchymal cells and
edematous/myxoid stroma with prominent
vasculature and inflammatory cells comprising
eosinophils, lymphocytes, plasma cells, and
mast cells (Bhattacharya 2012; Turner and
Odze 2009). Despite many ultrastructural
and immunohistochemical studies suggesting
dendritic, fibroblastic, fibrohistiocytic, histio-
cytic, myofibroblastic, neural, and vascular
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differentiation, an origin of spindle cells
comprising these polyps remains controversial.
The consistent PDGFRA (platelet-derived growth
factor receptor alpha) expression seen in gastric
and small intestinal inflammatory fibroid polyps
points to the fact that these tumors might develop
from a subset of PDGFRA-positive mesenchymal
cells (Lasota et al. 2009).

Clinical Features

• Incidence
Inflammatory fibroid polyps are uncommon. In
the stomach, they comprise �3–4% of all gas-
tric polyps (Bhattacharya 2012).

• Age
Most of inflammatory fibroid polyps occur in
adults; the mean age is 64 years (range, 7–92
years) (Bhattacharya 2012).

• Sex
Male-to-female ratio of inflammatory fibroid
polyps is 1:1.2 (Bhattacharya 2012); appar-
ently, they occur more commonly in females
(Turner and Odze 2009).

• Site
Inflammatory fibroid polyps occur anywhere
in the gastrointestinal tract. The stomach is
the most frequent (70%) site (antrum, 67.3%;
body, 8.2%; pylorus, 2.4%; incisura, 1.7%; and
cardia and fundus, 1%) (Bhattacharya 2012;
Solte and Finkenzeller 1990). Other sites in
decreasing order of frequency: ileum, colon,
jejunum, duodenum, and esophagus
(Bhattacharya 2012).

• Treatment
Safe treatment of inflammatory fibroid polyps
includes endoscopic or surgical complete exci-
sion (Turner and Odze 2009), depending on
size and site, and treatment of associated con-
ditions is standard of care for inflammatory
fibroid polyps.

• Outcome
Inflammatory fibroid polyps are benign
tumors; persistence/regrowth after incomplete
resection may occur, particularly in large
inflammatory fibroid polyps, but they do not
metastasize.

Macroscopy

Inflammatory fibroid polyps make up solitary ses-
sile or polypoid submucosal well-circumscribed
non-capsulated (single, rarely multiple) tumors
(Fig. 1), with gray-tan firm surface, most <3 cm
(median size: 1.5 cm), some>5 cm (Bhattacharya
2012; Turner and Odze 2009), that may ulcerate
the overlying mucosa or obliterate the gastrointes-
tinal lumen.

Microscopy

See Definition. Inflammatory fibroid polyps
(Figs. 2 and 3) display perivascular or

Inflammatory Fibroid Polyp, Upper Gastrointestinal
Tract, Fig. 1 Macroscopy of gastric inflammatory fibroid
polyp

Inflammatory Fibroid Polyp, Upper Gastrointestinal
Tract, Fig. 2 Low power features of gastric inflammatory
fibroid polyp

390 Inflammatory Fibroid Polyp, Upper Gastrointestinal Tract



periglandular spindle cells with onion-skin pattern
around blood vessels and mucosal glands, and
may have collagenous stroma, more frequent in
ileal tumors (Fig. 4). The tumor cells have oval,
stellate, or spindle nuclei with finely granular
chromatin, small nucleoli, and eosinophilic cyto-
plasm (Fig. 5). Multinucleated giant cells, with
floret-like arrangement, are frequent. Mitotic
index is low with no atypical mitotic figures.
Gastric inflammatory fibroid polyps tend to be
smaller, seem to originate at the base of the lamina
propria, extending through and disrupting the
muscularis mucosa. They have a sharp, well-

circumscribed, lower border in the submucosa.
The ileal inflammatory fibroid polyps tend to be
larger and are intramural proliferations that push
against the muscularis mucosae, eventually
disrupting it and extending into the mucosa,
often ulcerating. They obliterate the submucosa
and muscularis propria and often invade the mes-
entery (Bhattacharya 2012).

Immunophenotype

The spindle cells of inflammatory fibroid polyps
express vimentin, CD34 (cluster differentiation
molecule 34) (Figs. 6 and 7), PDGFRA, fascin,
SMA (smooth muscle actin), calponin, CD 68
(cluster differentiation molecule 68), CD35 (clus-
ter differentiation molecule 35) (focal), in the
absence of CD117-cluster of differentiation mol-
ecule 117/KIT (kinase-tyrosine receptor of stem
cell factor), DOG1 (discovered on GIST-1), kera-
tins, EMA (epithelial membrane antigen), desmin,
S-100, bcl-2 (B-cell chronic lymphocytic leuke-
mia/lymphoma 2), HMB-45 (premelanosome gly-
coprotein present in melanomas and other tumors
derived from melanocytes), GLUT-1 (glucose
transporter 1), claudin-1, ALK (anaplastic lym-
phoma kinase), and collagen IV (Bhattacharya
2012; Daum et al. 2010; Lasota et al. 2009;
Schildhaus et al. 2008; Turner and Odze 2009).

Inflammatory Fibroid Polyp, Upper Gastrointestinal
Tract, Fig. 3 Low power view of ileal inflammatory
fibroid polyp

Inflammatory Fibroid Polyp, Upper Gastrointestinal
Tract, Fig. 4 Ileal inflammatory fibroid polyp displaying
collagenous stroma

Inflammatory Fibroid Polyp, Upper Gastrointestinal
Tract, Fig. 5 Gastric inflammatory fibroid polyp
displaying bland spindle cells and inflammatory cells
including eosinophils and lymphocytes
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Molecular Features

Inflammatory fibroid polyps harbor activating
mutations (up to 70% of cases) in the platelet-
derived growth factor receptor alpha (PDGRFA,
chromosome 4q12) gene (Daum et al. 2010;
Lasota et al. 2009; Schildhaus et al. 2008) with
a localization-specific pattern: Exon 12 mutations
predominate in the small intestine, while exon 18
mutations occur frequently in the stomach
(Huss et al. 2012).

Differential Diagnosis

Differential diagnosis of inflammatory fibroid
polyps may include non-neoplastic lesions (eosin-
ophilic gastroenteritis and parasitic infections
that should be ruled out by clinical and
laboratorial features) and other tumors based on
clinical, histopathological, immunohistochemical
(see Immunophenotype; e.g., schwannoma:
S100+; leiomyoma: desmin+; solitary fibrous
tumor: bcl-2+; perineurioma: EMA+, GLUT-1+,
and claudi-1+; inflammatory myofibroblastic
tumor-IMT: ALK+ and gastrointestinal stromal
tumors-GISTs: CD117+ and DOG1+), andmolec-
ular (see “Molecular Features”; e.g., IMT: gene
fusions involving ALK gene) features.
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Inflammatory Fibroid Polyp, Upper Gastrointestinal
Tract, Fig. 7 Onion-skin pattern of inflammatory fibroid
polyp spindle cells expressing CD34

Inflammatory Fibroid Polyp, Upper Gastrointestinal
Tract, Fig. 6 Expression of CD34 in spindle cells of
inflammatory fibroid polyp
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Inflammatory Myofibroblastic
Tumor, Upper Gastrointestinal Tract
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Faculty of Medicine of the University of Porto
and Institute of Molecular Pathology and
Immunology of the University of Porto,
Porto, Portugal

Synonyms

Inflammatory myofibroblastoma; Inflammatory
myofibrohistiocytic proliferation; Inflammatory
pseudotumor; Plasma cell granuloma; Plasma
cell pseudotumor

Definition

The inflammatory myofibroblastic tumor com-
prises spindle or polygonal fibroblast-/
myofibroblast-type cells, which often express
anaplastic lymphoma kinase (ALK), and stromal
lymphoplasmacytic inflammatory cells. Some
authors have differentiated inflammatory
myofibroblastic tumors from reactive pseudo-
sarcomatous processes and other neoplasms
based on ALK immunoreactivity or evidence of
the ALK translocation, but many consider ALK-
negative inflammatory myofibroblastic tumors
a valid diagnostic category.

Clinical Features

• Incidence
Inflammatory myofibroblastic tumors (IMTs)
are rare in the upper gastrointestinal (GI) tract.

• Age
Inflammatory myofibroblastic tumors mean
age (range) is 41 years (0.75–84) (Makhlouf
and Sobin 2002).

• Sex
The male to female ratio of inflammatory
myofibroblastic tumors is 1.1:1 (Makhlouf
and Sobin 2002).

• Site
Inflammatory myofibroblastic tumors occur in
the stomach (up to 25% of GI IMTs) and rarely
in the esophagus (Makhlouf and Sobin 2002).

• Treatment
Safe treatment requires complete excision in
most inflammatory myofibroblastic tumors.
Anti-inflammatory drugs, chemotherapy, anti-
tumor necrosis factor antibody, and ALK
inhibitor crizotinib (Kelleher and McDermott
2010) may be considered for unresectable/
malignant cases.

• Outcome
Most inflammatory myofibroblastic tumors
pursue a benign clinical behavior, spontaneous
resolution after incomplete resection may
occur, and up to 25% may recur and rarely
may develop metastases. Only about half of
inflammatory myofibroblastic tumors harbor
an ALK translocation, and these may behave
more indolently than their ALK-negative
counterparts, although this may not be the
case for all ALK-rearranged tumors. There
are no definitive prognostic clinical and path-
ological parameters.

Macroscopy

Inflammatory myofibroblastic tumors form white,
tan, or yellow to white fleshy solid circumscribed
(solitary, sometimes multiple) lesions with infil-
trative borders (Fig. 1) and foci of myxoid change,
mean size (range): 8 cm� 5.2 (0.3–20) (Makhlouf
and Sobin 2002).

Microscopy

See definition. Inflammatory myofibroblastic
tumors can display several patterns: fasciitis-like,
with vascular, myxoid, and inflammatory stroma
with plasma cells; fascicular malignant fibrous
histiocytoma or leiomyosarcoma-like spindle
cell areas with inflammatory cells; and scar or
sclerotic desmoid-like areas with calcification;
these patterns may be found within the same
tumor; eosinophils can be prominent in
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inflammatory myofibroblastic tumors, especially
in fasciitis-like subtype, but plasma cells are
the most common inflammatory cells overall
(Coffin et al. 1995) (Figs. 2–4). The spindle
cells have usually oval to elongated nuclei, vari-
able prominent eosinophilic nucleoli, and
amphophilic abundant cytoplasm reminding skel-
etal muscle cells or ganglion cells. Mitotic activity
varies but is usually low (atypical mitosis are
rare). Focal necrosis is rarely seen. Vascular inva-
sion can be found but without adverse prognostic
significance.

Immunophenotype

Inflammatory myofibroblastic tumors express
vimentin, ALK (cytoplasmic, 35–60% of cases),
focal SMA (smooth muscle actin), CD34 (cluster
differentiation molecule 34), cytokeratin, desmin
(Fisher 2011), CD68 (cluster differentiation mole-
cule 68), calponin, AE1/AE3 (keratins 1–8, 10,
14–16, and 19), and CAM 5.2 (keratins 7 and 8)
in the absence of expression of S100 protein,
CD117 (cluster of differentiation molecule 117)/
KIT (kinase-tyrosine receptor of stem cell factor),

Inflammatory Myofibroblastic Tumor, Upper
Gastrointestinal Tract, Fig. 1 Macroscopic features of
gastric myofibroblastic tumor

Inflammatory Myofibroblastic Tumor, Upper
Gastrointestinal Tract, Fig. 2 Low power features of
inflammatory myofibroblastic tumor below gastric mucosa

Inflammatory Myofibroblastic Tumor, Upper
Gastrointestinal Tract, Fig. 3 Low power features of
infiltrative growth pattern of inflammatory myofibroblastic
tumor

Inflammatory Myofibroblastic Tumor, Upper
Gastrointestinal Tract, Fig. 4 High power features of
inflammatory myofibroblastic tumor
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beta-catenin, myoglobin, myogenin, MyoD1
(myogenic basic muscle-specific protein),
caldesmon, MDM2 (murine double minute 2),
CDK4 (cyclin-dependent kinase 4), and calretinin.

Molecular Features

Cytogenesis banding studies have shown
that approximately 50% of inflammatory
myofibroblastic tumors have clonal
rearrangements of chromosome 2, and recurrent
involvement of 2p23, the locus for ALK, occurs in
inflammatory myofibroblastic tumors.
Inflammatory myofibroblastic tumors may harbor
gene fusions involving the ALK (chromosome
2p23) and other genes (e.g., ATIC, inosine mono-
phosphate synthase; CARS, cysteinyl-tRNA syn-
thetase; TPM3, tropomyosin 3; TPM4,
tropomyosin 4; CLTC, clathrin, heavy chain;
RANB2, ran-binding protein 2; and SEC31L,
SEC31-like 1, Saccharomyces cerevisiae) (Patel
et al. 2007). Tropomyosin TMP3 and TMP4
fusion oncoproteins have been recognized as the
most frequent gene rearrangement partners with
the anaplastic lymphoma kinase gene (ALK) lead-
ing to constitutive activation: TMP3–ALK or
TMP4–ALK t (1; 2), CLTC–ALK t (2; 17), and
CARS–ALK t (2; 11), i.e., cysteinyl-tRNA
synthetase (CARS) gene in inflammatory
myofibroblastic tumors (Kelleher and McDermott
2010). ALK along with its fusion partner tends to
localize to the cytoplasm, but ALK/RANBP2
localizes to the nuclear membrane.

Differential Diagnosis

Inflammatory myofibroblastic tumors encompass
a spectrum of inflammatory pseudotumor to
inflammatory fibrosarcoma type lesions (see out-
come). Differential diagnosis of inflammatory
myofibroblastic tumors may include
fibroinflammatory proliferations and spindle cell
tumors that contain inflammation (e.g., granula-
tion tissue, IG4-related sclerosing disease, inflam-
matory fibroid polyp, fibromatosis, solitary
fibrous tumor, embryonal rhabdomyosarcoma,

GIST (gastrointestinal stromal tumor),
dedifferentiated liposarcoma, leiomyosarcoma,
sarcomatoid carcinoma, or sarcomatoid
mesothelioma) and should be based on clinical,
histological, immunohistochemical, and molecu-
lar features. Leiomyosarcomas are most
often morphologically distinctive, with their
non-tapered cells with eosinophilic cytoplasm
and squared-off nuclei, arranged in cellular
fascicles in a distinctive rectilinear pattern.
Immunohistochemically, desmin, SMA (smooth
muscle actin), muscle-specific actin,
h-caldesmon, calponin, and smooth muscle
myosin are expressed in the majority of
leiomyosarcomas. Some examples coexpress
cytokeratins (CKs) (frequently with a dot pattern),
EMA (epithelial membrane antigen), and S100
protein, but usually only when the muscle-specific
antigens are present. CD99 (cluster differentiation
molecule 99) can also be seen in a paranuclear dot
pattern. CD34 expression is variable but generally
negative in leiomyosarcomas, and CD117 is
absent from smooth muscle tumors.
Dedifferentiated liposarcoma express CDK4 and
MDM2. Fibromatosis are focally positive for
smooth muscle actin (SMA) and occasionally for
desmin in scattered cells. S100 protein can be
focally positive, but CD34 is negative. Nuclear
immunoreactivity for beta-catenin is found in var-
iable numbers of nuclei. Nuclear beta-catenin pos-
itivity can also be found in solitary fibrous tumors.
It is absent from GISTs, leiomyosarcomas, and
inflammatory myofibroblastic tumors, and this is
of use in the differential diagnosis of intra-
abdominal spindle cell neoplasms. Fibromatosis
is negative for h-caldesmon, anaplastic lymphoma
kinase (ALK), CD34, CD117, and DOG1.
Sarcomatoid carcinomas can express CKs focally,
especially those of high molecular mass, but can
also be negative for CKs. The diagnosis can be
facilitated by finding areas of epithelial differen-
tiation or surface dysplasia, or a nested reticulin
pattern. Spindle cell carcinomas can also
express SMA, but desmin, h-caldesmon, CD34,
and S100 protein are absent. Spindle
cell rhabdomyosarcomas are diffusely positive
for desmin, and at least focally in nuclei for
myogenin and MyoD1. Immunophenotypically,
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inflammatory myofibroblastic tumors react more
commonly than inflammatory fibroid polyp for
smooth muscle markers but fail to express
CD34. GIST typically does not have the inflam-
matory background seen in inflammatory
myofibroblastic tumors. In addition, some GIST
cells have cytoplasmic vacuoles, a feature not
seen in the inflammatory myofibroblastic tumors.
Immunohistochemically, GIST is typically posi-
tive for CD117 but negative for ALK, whereas
inflammatory myofibroblastic tumor shows an
opposite profile.
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Synonyms

Intestinal atresia and stenosis

Definition

Intestinal atresia is a complete blockage of intes-
tinal passage caused by mucosal diaphragmwhich
totally occludes the lumen. Stenosis is formed by
narrowed segment of the intestine or the mucosal
diaphragm with small opening. Intestinal atresia
and stenosis are responsible for most cases of
bowel obstruction in newborns.

There are three major theories explaining
development of intestinal atresia:

(i) Failed recanalization of the intestine during
12-th fetal week

(ii) Retarded epithelial growth during intestinal
elongation which is slower than mesenchy-
mal growth

(iii) Vascular abnormalities in utero leading
to ischemia and segmental necrosis with
subsequent scaring and development of
atresia

Intestinal atresia differs in its clinical picture,
diagnosis, and treatment methods, depending on
the site of the involvement, which can be divided
in duodenal, ileojejunal, and colon atresia. This
condition is connected with prematurity in half of
the cases, two-thirds of babies have abnormali-
ties of the heart, and genitourinary or intestinal
tract. Nearly 40% of patients have Down syn-
drome. Ileojejunal atresia includes obstruction of
jejunum or ileum. The proximal part of the intes-
tine distends to sometimes severe degree. In
10–15% of infants with ileojejunal atresia, part
of the intestine dies during fetal development.
Accompanying congenital abnormalities affect
about 10% of patients and include mainly intes-
tinal malrotation and malfixation and cystic
fibrosis. Ileojejunal atresia may be sporadic or
familial as monozygotic twins have higher risk
due to possibly in utero vascular disruption.
Colonic atresia is the rarest form of intestinal
atresia (15%). It may be connected with small
bowel atresia, Hirschsprung disease, and
gastroschisis. Table 1 summarizes the abnormal-
ities associated with intestinal atresia.

396 Intestinal Atresia



Clinical Features

• Incidence
Intestinal atresia affects 1:2,500–1:6,000 live
births with duodenal atresia being the most
common.

• Age
Most cases are diagnosed in neonatal period. In
distal atresias (particularly colonic), it may
take few days for symptoms to develop.

• Sex
No sex predilection has been reported.

• Site
Duodenum, jejunum, ileum, and colon
depending on the type of intestinal atresia.
Most of the cases locate in postampullary
region or at ampulla of Vater.

• Treatment
All types of intestinal atresias require surgical
treatment. Depending on length and level of
intestinal involvement, proximal distention of
the bowel, and general length of the intestine
different types of operation are performed.
Additional pre- and postoperative management
must be instituted with evacuation of excess

intestinal contents and gas, fluid, and electro-
lytes supplementation. Sometimes temporary
gastrostomy must be created in case of duode-
nal atresia and colostomy in case of colonic
atresia. In most cases of ileojejunal atresia,
excision of affected segment may be
performed instantly (jejunoplasty or excision
of bowel segment with cut ends being sutured
together).

• Outcome (Prognosis)
Overall survival rate is about 90%, with oper-
ative mortality less than 1%. The survival rate
improves with distal lesions reaching 100% in
colonic atresia and decreases in multiple atre-
sias (57%), apple peel atresia (71%) and if the
atresia coexists with meconium ileus (65%),
meconium peritonitis (50%) and gastroschisis
(66%). Short-term complications are rare and
include postoperative leakage of intestinal con-
tents and subsequent infection and peritonitis.

Long-term complications include malab-
sorption syndromes with short bowel syn-
drome, functional obstruction, and biliary
hepatic cirrhosis in patients with total paren-
teral nutrition (TPN).

Macroscopy

Types of jejunoileal atresia:

– Atresia type I – there is a membrane (web) of
mucosa at the internal aspect of the intestine.
The intestine preserves normal length.

– Atresia type II – the segment of the intestine
ends blindly and is connected with distal part
(usually narrower) by a fibrous scar. The intes-
tine also preserves normal length.

– Atresia type III – the blind ends are separated
and the defect of vascular supply to intestinal
wall occurs. Type IIIa has distended proximal
and narrower distal parts of the intestine. In
type IIIb, multiple stenoses with abnormal
mesenteric formation take places (so called
apple peel atresia). In type III, the length of
the intestine is significantly shortened.

Intestinal Atresia, Table 1 Abnormalities associated
with intestinal atresia

Malrotation of the gut

Meckel’s diverticulum

Volvulus

Esophageal atresia

VACTERL syndrome

Other intestinal atresias including biliary atresia, annular
pancreas, and imperforate anus

Pancreatic lipomatosis

Ocular anomalies

Microcephaly

Spina bifida

Immunodeficiency states

Hirschsprung’s disease

Congenital heart failure

Cytogenetic changes: deletion of chromosome 13, ring
chromosome 4, trisomy 21

Maternal lesions: polyhydramnios, intrapartum
hemorrhage
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– Atresia type IV – there are multiple obstructed
segments, resulting in severe shortening of
bowel length.

The types of intestinal atresia are presented in
Fig. 1.

Microscopy

In blind proximal segment, circular folds are wid-
ened. The villi may be shorter. Villi and crypts are
sometimes necrotic and granulation, and ulcera-
tion may be the case. In the mucosa, one may find
granulation tissue, granulomas, foreign body
giant cells, fibroblasts, and resorptive macro-
phages. Muscularis mucosae may partially disap-
pear, and prominent fibrosis of the submucosal
layer is visible. Muscularis propria may be thick-
ened and hypertrophic with inflammatory changes
within myenteric plexus. The mucosa between
atretic areas seems histologically normal.

Immunophenotype

There is no specific immunophenotypic feature.

Molecular Features

There is no specific molecular feature.

Differential Diagnosis

In multiple distal colonic atresias, Hirschsprung’s
disease comes into differential diagnosis.
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Intestinal Lymphangiectasia

Arzu Ensari
Department of Pathology, Ankara University
Medical School, Sihhiye, Ankara, Turkey

Synonyms

Primary intestinal lymphangiectasia (PIL);
Waldmann’s disease

Definition

Intestinal lymphangiectasia is defined as the pres-
ence of dilated lymphatics within the intestinal
mucosa. The form, known as secondary intestinal
lymphangiectasia, is associated with a local neo-
plastic or inflammatory condition causing lym-
phatic obstruction. Conditions associated with
secondary intestinal lymphangiectasia include
lymphoma, carcinoma, Crohn’s disease, systemic
lupus erythematosus, Behçet’s disease, radiation
therapy, trauma, heart disease, and liver transplan-
tation. Primary intestinal lymphangiectasia, on the
other hand, is a rare congenital disorder charac-
terized by severe protein-losing enteropathy,
peripheral edema, steatorrhea, and lympho-
cytopenia. Effusions may develop in pleural, peri-
cardial, and peritoneal cavities with gross chylous
ascites. There is a major structural abnormality of
the lymphatic system consisting of dilatation and
tortuosity of lymphatic vessels resulting in lym-
phatic stasis in the intestinal wall. The patients
present with growth retardation, malabsorption,
and severe hypoalbuminemia, while secondary
form affects one side of the body resulting in
unilateral edema but not protein-losing enteropa-
thy. In the primary form, when large segments of
the bowel are affected, secondary edema may

occur as a result of protein-losing enteropathy
and malabsorption. The edema is usually general-
ized in the primary form. Protein loss also causes
immunoglobulin deficiency resulting in an immu-
nodeficient state. In most histologically confirmed
intestinal lymphangiectasia cases, however, clini-
cal features may be very limited, and the classical
“textbook” recorded changes may be more reflec-
tive of the most severe end of the clinicopatholog-
ical spectrum in adults. Very rare familial forms of
Waldmann’s disease have also been reported.

Clinical Features

• Incidence
The prevalence of clinically overt PIL is
unknown.

• Age
Primary intestinal lymphangiectasia is
a disease of the newborn, whereas secondary
form can occur in any age group. PIL primarily
affects children (generally diagnosed before 3
years of age) and young adults but may be
diagnosed later in adults.

• Sex
The male-to-female ratio of PIL is 3:2.

• Site
Though the entire small intestine can be
involved, duodenum is the most commonly
affected part of small intestine.

• Treatment
Medical treatment comprises of a high-protein,
low-fat diet with added medium-chain triglyc-
erides (MCT). Octreotides have been reported
to decrease intestinal protein loss. It is likely that
the absence of fat in the diet prevents engorge-
ment of the intestinal lymphatics with chyle,
thereby preventing their rupture with its ensuing
protein and T-cell loss. MCT are directly
absorbed into the portal venous circulation and
thus provide nutrient fat but avoid lacteal
engorgement. In patients not responding to
a low-fat diet, enteral nutritional therapy may
be required.

• Outcome
The long-term course is variable but progresses
slowly with intermittent remissions. Lower

Intestinal Lymphangiectasia 399

I

http://www.cincinnatichildrens.org/health/i/obstructions/
http://www.cincinnatichildrens.org/health/i/obstructions/


limb lymphedema requires specific long-term
management (low-stretch bandage, manual
lymph drainage, skin care, elastic hosiery).
PIL outcome may be severe and even
life-threatening when malignant complications
(lymphoma) or serous effusion(s) (pleural, peri-
cardial) occurs.

Macroscopy

Radiologically there is diffuse nodular thicken-
ing of the bowel wall with ascites. The mucosa
shows features of lymphangiectasia on endos-
copy as numerous white spots or nodules. The
density of lymphangiectasia varies and their size
ranges from mm to cm. Endoscopy may be neg-
ative when intestinal lesions are segmental or
localized.

Microscopy

The white spots on endoscopy correspond to
the dilated lymphatics in superficial mucosa
involving the villus tips with formation of
“lacteals.” These are dilated lymphatic vessels
with endothelial lining and pale basophilic
material of lymph fluid in their lumen (Figs. 1
and 2). Foamy macrophages are also frequently
present in the lamina propria together with
amorphous deposits which are PAS positive.
There is no associated inflammation in the sur-
rounding mucosae. Histological examination of
duodenum, jejunum, or ileum biopsies confirms
the presence of lacteal juice, dilated mucosal
(from moderate to severe), and submucosal
lymphatic vessels (and also in the serosa) with
polyclonal normal plasma cells. Intestinal lym-
phatics may be dilated in many villi or only
a few.

Immunophenotype

There is no specific immunophenotypic feature
of PIL.

Molecular Features

Several genes, such as VEGFR3 (vascular endo-
thelial growth factor receptor 3), prospero-related
homeobox-transcriptional factor PROX1, and
forkhead transcriptional factor FOXC2 and
SOX18, are implicated in the development of the
lymphatic system. Recently, inconsistently
changed expressions of regulatory molecules for
lymphangiogenesis in the duodenal mucosa of
PIL patients have been reported.

Intestinal Lymphangiectasia, Fig. 1 Small intestinal
wall showing dilated lymphatics with proteinous material
in their lumina (H&E; �100)

Intestinal Lymphangiectasia, Fig. 2 Lacteals within
the tips of the villi (H&E; �200)
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Differential Diagnosis

The differential diagnosis of primary intestinal
lymphangiectasia is the secondary form caused
by extramural obstruction or infections like
Whipple’s disease, mycobacterial enteritis,
Crohn’s disease, sarcoidosis, systemic sclerosis,
radiation, and/or chemotherapy with retroperito-
neal fibrosis, an isolated lymphangioma, and
pneumatosis intestinalis. The changes in PIL
may be patchy, thereby making multiple biopsies
necessary for diagnosis. The diagnosis is thus
a clinicopathologic one. However, it should also
be born in mind that focally dilated lymphatics
may also be present in normal mucosal biopsies.
In addition, tissue artifacts may lead to
detachment of the surface epithelium from the
underlying basement membrane which can be
mistaken for a dilated lymphatic vessel.
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Intestinal Malrotation
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Synonyms

Bowel malrotation; Malrotation of the gut

Definition

Intestinal malrotation (ΙM) is a congenital
anomaly characterized by a disturbed topography
within the abdominal cavity, involving primarily
the duodenojejunal and ileocolic loops. It includes
abnormalities of both rotation and fixation of the
intestinal tube and, generally, results from the
disordered embryonic counterclockwise rotation
of the gut around the superior mesenteric artery
(SMA) leading to a more or less unanchored
bowel, a narrow base mesentery, and various
acute and chronic presentations of disease.

The basic intestinal movement inside the abdo-
men of the developing embryo consists of a two-
to three-stage anticlockwise rotation of the two
segments of the initially symmetrically suspended
midgut, meaning the more rapidly elongating cra-
nial (prearterial) limb and the more slowly elon-
gating caudal limb (postarterial) around the axis of
the SMA. The first stage, beginning at the
5–6 weeks, consists of a 90� twist of the U-shaped
midgut around the SMA, so that the
duodenojejunal loop moves to the right and the
ileocolic segment to the embryo’s left. After the
temporary herniation of the intestinal loops into
the stalk of the yolk sac, the rotation continues at
about 10–12 weeks when the sliding of the intes-
tine back into the abdomen allows a further 180�

counterclockwise rotation to be added to the
previous one making a total of 270�. As
a result, the third portion of the duodenum is
placed horizontally, caudal and dorsal to the
SMA and the ileocolic segment ventral and cra-
nial to the proximal loop, with the cecum lying to
the right abdomen near the liver. The final stage
includes the descent of the cecum to the right
lower quadrant and fixation of the mesenteries
to the parietal peritoneum which last through
fetal life.

According to the position of the third portion of
the duodenum relative to the SMA and the mis-
placement of the intestine within the abdominal
cavity, a simplified classification of IM is the
following:

Non-rotation or complete failure of rotation,
considered an arrest at an early stage, which
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results in a right-sided jejunum and ileum and
a left-sided colon

Incomplete, mixed, or partial rotation, which is
the most common and results from the
disrupted at stage II rotation having the small
bowel mainly on the right side of the abdomen
and the cecum in the right upper quadrant

Reverse rotation which is the rarest type and its
occurrence follows two errors of reentry of the
bowel loops after the combined 270� counter-
clockwise rotation outside the abdominal cavity

Abnormal fixation and abnormal mesenteries
result in unfixed segments and form internal
pouches such as right and left mesocolic
hernias with possible entrapment of the
neighboring small bowel (see section “Macro-
scopy” for more details) (Fig. 1)

Infants nearly always present with emesis,
whereas in adults abdominal pain is the most

common symptom, followed by emesis or
nausea. Misplacement of the cecum and appen-
dix may lead to delayed diagnosis of acute
appendicitis. Intestinal malrotation may also pre-
sent with volvulus, the incidence of which
declines with age, abdominal distension,
intraluminal bleeding due to persistent vascular
compromise, acute or chronic duodenal obstruc-
tion due to Ladd bands, and forceful vomiting,
bile stained or not, depending on location of
obstruction. Additionally, in infants, malabsorp-
tion with steatorrhea and protein-losing enterop-
athy due to mesenteric lymphatic obstruction is
a possible complication.

Upper GI series is the most common imaging
study performed in infants and children and the
study of choice (with barium as contrast) in stable
patients or those that have chronic symptoms.
Lower GI series is useful in indentifying the loca-
tion of cecum and in cases where upper series is
indeterminate for the location of the duodenal

Intestinal Malrotation,
Fig. 1 N, non-rotation; M,
mixed rotation; and
volvulus (fibrous adhesions
of the cecum compress the
third portion of the
duodenum; I, incomplete
rotation; R, reverse rotation;
H, hyperotation
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junction and in excluding the presence of colonic
obstruction and ileal atresia. Ultrasonography is
almost 100% sensitive in detecting neonatal
malrotation and demonstrating a possible coiling
of the superior mesenteric venous around the
homonymous artery, a characteristic sign of pos-
sible volvulus. CT is the most common imaging
study in adults, probably due to nonspecific
clinical presentation.

• Incidence
IM affects approximately 1/6,000 live
births with the asymptomatic cases 12–30
times more prevalent (�1/500).

• Age
Seventy-five percent of patients with
malrotation are diagnosed by the age of
1 year and 40% of them present within the
first week of life. The remaining 25% of
patients present after 1 year and into the late
adulthood although there is at least one study
that claims that nearly half of the patients pre-
sent during adulthood in contrast to traditional
teaching.

• Sex
Intestinal malrotation is found primarily in
males during the neonatal period with a male–-
female ratio of 2:1, though the age range
extends through adulthood, but with no sexual
predilection in patients older than 1 year.

• Treatment
Medical management is directed toward
stabilizing the patient and immediate surgical
intervention whenever volvulus or obstruction
is suspected. The Ladd procedure remains the
basic surgical procedure for treatment of
IM and includes:
Reduction of volvulus and mobilization of the

bowel
Division of mesenteric bands
Widening of the mesenteric base Appendectomy

• Outcome
In general, older children are reported to
have a better outcome than infants, for which
the mortality rate ranges from 2% to 24%
largely depending on the presence of necrotic
bowel at surgery and association with other
congenital anomalies (over 20 times higher

risk). The most common complication of mid-
gut volvulus is short bowel syndrome with
patients having longer delays to recovery of
bowel motility and function and higher risk
for malabsorption and long-term parenteral
nutrition. Other complications include wound
infection, sepsis, and postsurgical ones such as
adhesive small bowel obstruction, recurrent
volvulus, and persistent gastrointestinal
symptoms including constipation, intractable
diarrhea, abdominal pain, vomiting, and
feeding difficulties.

Macroscopy (Gross)

Macroscopy is the reflection of failure in any stage
of intestinal rotation in combination with any
superimposed complication, meaning obstruction,
ischemia, necrosis, or peritonitis. Non-rotation
results in a right-sided jejunum and ileum and
a colon residing in the left abdomen, but may
rarely affect only the duodenum with the small
intestine, cecum, and colon assuming a normal
anatomic location. Incomplete or mixed rotation
which is more common results in the small bowel
occupying mainly the right side of the abdomen
with the cecum generally residing in the right
upper quadrant. Typically, peritoneal fibrous
bands running from the mispositioned cecum to
the mesentery compress the third portion of the
duodenum, most likely resulting in duodenal
obstruction and midgut volvulus. In reversed rota-
tion, which is the rarest type, depending on which
segment, the postarterial or the prearterial, returns
first to the abdomen and the rather clockwise than
anticlockwise rotation of the duodenum, the small
bowel respectively lies ventral to the colon and
SMA, or in the left side with the colon occupying
the right abdomen. These cases can be associated
with situs anomalies of other organs and internal
hernias, of which the left paraduodenal are the
most common. Internal hernias are also
a complication of abnormal fixation and unusually
long mesenteries of various segments with the
right and left mesocolic hernias being two com-
mon forms, where entrapment and strangulation
of the small bowel may occur.
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Microscopy

Normal histology is the rule, unless altered by
vascular compromise and ischemia, necrosis, or
peritonitis.

Immunophenotype

There is not any specific immunohistochemical
stain concerning malrotation.

Molecular Features

The majority of children do not have any pre-
disposing syndrome or genetic susceptibility, and
little is known of the cause in the non-syndromic
cases. Certain chromosomal abnormalities seem
to be involved in the etiology of malrotation.
Among them the most notable are trisomy 16
(FoxF1 at 16q24), ring chromosome 4 in midgut
volvulus, and deletions of the long arm of 13,
in the rare association of malrotation with
Hirschsprung disease.

Differential Diagnosis

Malrotation should be differentiated from other
causes of bowel obstruction in the newborn
(atresia, diverticulum, intussusception and
volvulus) and conditions such as gastroesopha-
geal reflux, necrotizing enterocolitis, and sepsis,
and the distinction is based on clinical features
and imaging studies, although many patients are
recognized intraoperatively during other proce-
dures or at autopsy.
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Synonyms

IM

Definition

Metaplasia is a reversible change in which one
adult cell type (epithelial or mesenchymal) is
replaced by another adult cell type. Intestinal
metaplasia (IM) of the stomach is a relatively
frequent preneoplastic lesion resulting from
the replacement of the gastric epithelium by an
intestinal-like epithelium as a result of chronic
injury. Colonization of the gastric mucosa with
▶Helicobacter pylori is the main risk factor for
IM and gastric cancer development, and it has
been categorized by the International Agency for
Research on Cancer as a type I carcinogen. This is
one of the most common bacterial infections in
humans with a prevalence that reaches 90%
in many developing countries and a lower
prevalence in developed ones that, nevertheless,
varies between 30% and 50%.
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IM appears following H. pylori infection and
chronic inflammation, as part of a multistep
precancerous process that was first described in
1975, by Pelayo Correa, based on observations in
Colombian populations with high risk of gastric
cancer development (Correa et al. 2010). This
cascade of progressively more severe lesions
usually starts with a non-atrophic chronic gastritis
that may last for decades, unless the bacterium is
eradicated. In a subset of individuals, multifocal
atrophic gastritis will occur followed by the
development of intestinal metaplasia, and
a small proportion of these individuals will
eventually develop dysplasia and gastric
adenocarcinoma. Thus, IM is a step in
a prolonged process, whose characterization may
contribute to patient stratification and earlier diag-
nosis of gastric cancer and consequently better
prognosis of this disease.

Histopathology
IM is a morphologically well-defined lesion,
easily recognized in histologic sections with
hematoxylin and eosin (HE) staining. IM
displays alone or in combination the main
intestinal cell types: enterocytes, goblet and
Paneth cells (Fig. 1). In addition, ectopic
intestinal glands show a complete reorganization,

with displacement of the proliferative zone from
the neck region down to the base of the crypt,
resembling the normal intestinal architecture, con-
comitant with alterations in the extracellular
matrix surrounding the metaplastic glands. The
classification of IM, most widely used by pathol-
ogists, discriminates between complete and
incomplete IM based on morphologic
characteristics. Thus, IM is classified into com-
plete type when the epithelium resembles the
small intestine, displaying absorptive enterocytes
with brush border, well-developed goblet cells
and Paneth cells. On the other hand, the
incomplete type resembles a colonic epithelium
phenotype displaying goblet cells of variable size,
absence of brush border, and absence of Paneth
cells (Correa et al. 2010). Other classifications,
used in research but not in the clinical practice,
combine the previously described morphologic
features with analysis of ▶mucins. One of these
classifications is based on histochemical
methods that allow the discrimination between
the neutral gastric mucins, that stain magenta
with periodic acid-Schiff (PAS), and the acidic
mucins present in IM which stain blue with
Alcian blue at pH 2.5. Furthermore, high-iron
diamine stains only acidic mucins that are
sulfated as opposed to those that are sialylated.
With this classification, IM is divided into three
distinct types: Type I (complete) when only
sialomucins are expressed; Type II (incomplete)
when gastric and intestinal mucins (sialylated)
are present, and Type III (incomplete) when
sulfomucins are present (Correa et al. 2010). IM
may also be classified into complete intestinal
type or incomplete/mixed gastric-intestinal
type based on mucin characterization using
antibodies. In this case, the complete type is
characterized by absence of gastric mucins and
de novo expression of the intestinal mucin
MUC2 in goblet cells (Fig. 2), whereas the
incomplete IM expresses gastric mucins
(MUC1, MUC5AC, and MUC6) in addition
to MUC2 (Fig. 2). Multiple evidences support
that incomplete IM (or Type III) is more
associated with increased risk of gastric cancer,
particularly of the intestinal type (Reis et al.
1999).

Intestinal Metaplasia, Fig. 1 H&E staining of a gastric
mucosa, depicting intestinal metaplasia glands. Goblet
cells are readily identifiable by the presence of blue
vacuoles
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Risk Factors
The main risk factor for IM development is
H. pylori infection but high salt intake, smoking,
alcohol consumption, and chronic bile reflux
might also play a role, although current evidences
of their involvement are not as conclusive as for
H. pylori. However, it is likely that the diversity of
clinicopathological presentations of H. pylori–as-
sociated conditions/lesions might be related to the
interaction of these environmental factors with
bacterial virulence characteristics and the host
genetic susceptibility since it is well known,
from epidemiological studies, that only
a fraction of individuals infected with this bacte-
rium will develop IM. Furthermore, it is also well
established that, in some countries particularly in
Africa, gastric premalignant conditions/lesions,
especially IM, and also gastric cancer are less
frequent than expected considering the high
prevalence of infection, which is known as the
African enigma. This favors the hypothesis that
other factors may be involved in the gastric
carcinogenic cascade, in addition to H. pylori
infection (Mesquita et al. 2006).

Different H. pylori strains vary in their
association to gastric preneoplastic conditions,

including IM, with those containing the viru-
lence factor CagA inducing higher degree of
inflammation and more severe lesions. It has
also been demonstrated that, in individuals
infected with CagA + strains, IM tends to be
more difficult to revert. In addition, strains car-
rying babA2 and the vacA s1m1 genotypes are
associated to increased risk of IM development.
In contrast, IM was rarely associated with strains
with a cagA–, babA2–, vacA s2m2 genotypes.
More recently, it has been shown that strains
carrying the CagA forms encoding multiple
EPIYA-C type segments are also associated
with a poorer outcome.

A vast number of studies have addressed the
issue of the host susceptibility, particularly
genetic variations, in the development of gastric
premalignant conditions and cancer. In favor of
the relevance of the host genetic makeup in gastric
carcinogenesis is the finding that first-degree rel-
atives of patients with gastric cancer have an
increased prevalence of premalignant conditions/
lesions including IM, as well as an increased risk
for gastric cancer. One of the best studied
addresses the role of interleukin polymorphisms
particularly those that are involved in the inflam-
matory response to H. pylori infection leading
to gastric atrophy. These include IL-1b
pro-inflammatory polymorphisms as well as poly-
morphisms in the IL1-receptor antagonist, IL-8,
IL-10 and in TNF-a. Polymorphisms of MUC1
mucin gene, namely, “small” VNTRs, predispose
to the development of incomplete type IM in
Portuguese and Colombian populations, and poly-
morphisms of the insulin-like growth factor bind-
ing protein-3 (IGFBP-3), leading to lower serum
levels of IGFBP-3, have been associated with
increased risk for the development of antral IM
(Mesquita et al. 2006).

Conversely, a protective effect of some envi-
ronmental exposures, particularly the relevance
of antioxidants, has also been addressed but
the results obtained are heterogeneous. A pro-
tective effect for fruits or vegetables consump-
tion was identified in a few studies but not in
others, thus remaining controversial, but overall
suggestions are that antioxidants have a small or
a null effect.

Intestinal Metaplasia, Fig. 2 Intestinal metaplasia
stained for MUC2 (red) and MUC5AC (brown). Intestinal
metaplasia of the complete type (arrowhead) expresses
only the intestinal mucin MUC2, whereas intestinal
metaplasia of the incomplete type expresses both MUC2
and the gastric mucin MUC5AC (arrows)
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Spasmolytic Polypeptide–Expressing
Metaplasia
Recently, another pattern of metaplasia, termed
spasmolytic polypeptide–expressing metaplasia
(SPEM), has been described. This is character-
ized by the expression of the TFF2 spasmolytic
polypeptide that is associated with oxyntic atro-
phy. SPEM, which characteristically develops in
the gastric body and fundus, appears to share
some characteristics with pseudopyloric meta-
plasia, has a strong association with chronic
infection with H. pylori and with gastric adeno-
carcinoma, and may represent another pathway
to gastric neoplasia. However, at present, identi-
fication of SPEM is considered only an investi-
gational parameter.

Clinical Features

• Incidence
The incidence of gastric IM in the general
population is a parameter impossible to assess
since this condition remains asymptomatic
and therefore undetected in the majority of
the individuals. IM is thus only studied in
terms of prevalence, which varies widely
with the geographical location, displaying
a trend analogous to the gastric cancer rates
and defining low-risk areas such as North-
American and most European countries, and
high-risk areas such as Asian and South-
American countries. Even prevalence data in
the general population is scarce, since IM can
only be diagnosed with endoscopic evaluation
and histologic analysis; therefore, data on
asymptomatic individuals is rare. A Japanese
study showed that the prevalence of IM in
individuals infected with H. pylori was about
37% as opposed to 0% in noninfected individ-
uals (Uemura et al. 2001). Two recent studies
performed in The Netherlands showed that the
prevalence of IM is higher in symptomatic
individuals referred for upper gastrointestinal
endoscopy, in this case being around 30%
than in asymptomatic individuals, where the
prevalence is around 7% (de Vries et al.
2008).

• Age
Most epidemiological studies are concordant
in showing that IM prevalence increases with
age. The same study performed in The Nether-
lands found that IM prevalence was signifi-
cantly higher in patients aged more than 50
years old (31.9%) compared to those younger
than 50 years old (10.4%). In addition, it was
detected in 46.6% of the individuals older than
80 years and in only 5.2% of those less than
40 years old (de Vries et al. 2008).

• Sex
In the same study, the distribution of IM was
found to be similar in males and females; how-
ever, it was shown that the age at the initial
diagnosis was significantly higher in women
(68.7 vs 64.6). Furthermore, men with IM
showed faster progression to gastric cancer.
These findings suggest that male patients with
IM have a higher risk of gastric cancer devel-
opment than female patients (de Vries et al.
2008).

• Site
In the distal stomach, IM tends to appear first at
the▶ antrum–corpus junction, especially at the
incisura angularis and as the process advances,
the foci extend to the neighboring mucosa in
both the antrum and the corpus. IM might also
develop in gastric ▶ cardia although this pro-
cess is less well understood and is not only
associated to H. pylori infection but also to
gastroesophageal reflux.

• Treatment
No specific treatment for gastric IM, other
than eradication of H. pylori infection, is
currently in use. However, in contrast to gas-
tritis and atrophy, the effect of H. pylori erad-
ication on gastric IM is controversial, with
many studies showing that IM does not
reverse but showing, nevertheless, that H.
pylori eradication may slow the progression
to gastric cancer; therefore, this treatment is
recommended. In some cases, when the
extension of IM is high, in young patients
or in countries with a high prevalence
of gastric preneoplastic and neoplastic dis-
eases, endoscopic surveillance might be
recommended.
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• Outcome
IM confers increased risk for dysplasia and
gastric cancer development since it is one of the
main precancerous conditions of the stomach,
constituting the background in which these
lesions develop. It remains an open discussion
whether IM foci are the ones that progress to the
more severe lesions. However, IM is a stable
condition inmost individuals. As a consequence,
gastric cancer risk in patients with IM is too low
to recommend surveillance of all patients. The
types of metaplasia as well as the extension of
metaplastic changes are determinants of the gas-
tric cancer risk. These parameters have recently
been incorporated in a staging system, the oper-
ative link for gastritis assessment (OLGA) now
known as OLGIM, that instead of staging atro-
phy uses the histological assessment of IM
which is easier and confers better interobserver
agreement (Capelle et al. 2010).

Data on the actual cancer risk in the pres-
ence of IM is very heterogeneous mostly due to
the different types of studies that are employed,
different sample selection and number of indi-
viduals enrolled in the studies, and also due to
heterogeneous populations. In a large study
performed in Japan in 2001, it was observed
that 6.5% of the individuals harboring IM
lesions developed gastric cancer as opposed
to only 0.8% of those without IM (Uemura
et al. 2001). This also shows that about 80%
of the individuals that develop gastric cancer
have previously developed IM. More recently,
in the study performed in The Netherlands with
a cohort of 92.250 patients, it was observed
that 0.3%, 0.7%, 2.1%, and 24.9% of patients
with atrophic gastritis, IM, low-grade dyspla-
sia, and high-grade dysplasia, respectively,
were diagnosed with gastric cancer within 1
year, and an additional 0.5%, 1.1%, 1.8%,
and 7.8% of patients within 10 years of fol-
low-up (de Vries et al. 2008).

Macroscopy

It is presently accepted that gastric IM does not
produce significant macroscopic alterations. IM

may appear as thin, white mucosal deposits on
an endoscopic observation; however, the value
of these or other endoscopic signs for the diagno-
sis of IM remains inconclusive due to poor
interobserver agreement and low sensitivity and
specificity. For this reason, the diagnosis of IM
requires biopsy specimens which are collected
randomly or in predefined locations. Neverthe-
less, efforts have been put on trying to improve
the endoscopic diagnosis of IM, using magnifica-
tion chromoendoscopy or narrow-band imaging,
since it would increase the capacity of early detec-
tion of this lesion.

Microscopy

Gastric IM is easily recognized in histologic
sections stained with hematoxylin and eosin. It
appears as multiple microscopic foci of glands that
resemble, morphologically, the intestine displaying,
alone or in combination, the three main intestinal
cell types, goblet, Paneth, and absorptive cells. Due
to its multifocal nature, at least four non-targeted
biopsies of two topographic sites, at the lesser and
greater curvatures of both the antrum and corpus,
are recommended in order to avoid misdiagnosis
due to sampling errors.

Immunophenotype

The main characteristic of IM is obviously its
intestinal differentiation, appearing de novo in the
stomach. Due to this differentiation switch, IM foci
express a high number of molecules that are very
specific and completely absent from the gastric
mucosa. These include intestinal proteins such as
sucrase-isomaltase, carbonic anhydrase, lactase,
alkaline phosphatase and villin, as well as the
intestinal mucin MUC2, which is expressed in
goblet cells, and the transcription factor CDX2
(Fig. 3) which is normally only present in
intestine but appears aberrantly expressed in IM
(Mesquita et al. 2006). The ones that are more
frequently used to characterize IM foci,
particularly for research purposes, are antibodies
against MUC2 and the homeoprotein CDX2. Both
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antibodies stain all types of IM and do not stain the
normal gastric mucosa (Fig. 2). In addition, double
staining for MUC2 and for the gastric mucin
MUC5AC allows the subtyping of IM into incom-
plete, whenever both mucins are present, or com-
plete when only MUC2 is expressed.

Molecular Features

The most prominent molecular feature of gastric
IM is the expression of intestinal proteins, which,
in many cases, can be detected using antibodies.
CDX2 is an early marker of this intestinal trans-
differentiation, as well as many of its targets,
particularly MUC2, LI-cadherin, sucrase-iso-
maltase, carbonic anhydrase, lactase, alkaline
phosphatase, and villin. Mucin glycans are also
modified in gastric IM. The Sialyl-Tn antigen,
a carbohydrate structure normally expressed in
intestinal mucosa, is aberrantly expressed in gob-
let cells of IM. In addition, IM also shows abnor-
mal expression of Lewis antigens, namely,
increased expression of Lea and de novo expres-
sion of Sialyl-Lea. Trefoil peptides are other tissue
differentiation markers often modified in IM.
Decreased expression of the trefoil peptide pS2
(TFF1) and increased expression of the intestinal
trefoil factor (TFF3) have been consistently
described in these lesions (Mesquita et al. 2006).

Differential Diagnosis

Gastric IM is a lesion very well defined morpho-
logically. Differential diagnosis of IM is applied
to distinguish between IM, particularly when it is
hyperproliferative, from low-grade dysplasia.

References and Further Reading

Capelle, L. G., de Vries, A. C., Haringsma, J., Ter Borg, F.,
de Vries, R. A., Bruno,M. J., van Dekken, H., Meijer, J.,
van Grieken, N. C., & Kuipers, E. J. (2010). The staging
of gastritis with the OLGA system by using intestinal
metaplasia as an accurate alternative for atrophic gastri-
tis. Gastrointestinal Endoscopy, 71, 1150–1158.

Correa, P., Piazuelo, M. B., & Wilson, K. T. (2010).
Pathology of gastric intestinal metaplasia: Clinical
implications. American Journal of Gastroenterology,
105, 493–498.

de Vries, A. C., van Grieken, N. C., Looman, C. W.,
Casparie, M. K., de Vries, E., Meijer, G. A., & Kuipers,
E. J. (2008). Gastric cancer risk in patients with prema-
lignant gastric lesions: A nationwide cohort study in the
Netherlands. Gastroenterology, 134, 945–952.

Mesquita, P., Almeida, R., Lunet, N., Reis, C. A., Silva,
L. F., Serpa, J., Van Seuningen, I., Barros, H., & David,
L. (2006). Metaplasia–a transdifferentiation process
that facilitates cancer development: The model of gas-
tric intestinal metaplasia. Critical Reviews in Oncogen-
esis, 12, 3–26.

Reis, C. A., David, L., Correa, P., Carneiro, F., de Bolós, C.,
Garcia, E., Mandel, U., Clausen, H., & Sobrinho-
Simões, M. (1999). Intestinal metaplasia of human
stomach displays distinct patterns of mucin (MUC1,
MUC2, MUC5AC, and MUC6) expression. Cancer
Research, 59, 1003–1007.

Uemura, N., Okamoto, S., Yamamoto, S., Matsumura, N.,
Yamaguchi, S., Yamakido, M., Taniyama, K.,
Sasaki, N., & Schlemper, R. J. (2001). Helicobacter
pylori infection and the development of gastric cancer.
The New England Journal of Medicine, 345, 784–789.
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Synonyms

Bowel obstruction; Ileus

Intestinal Metaplasia, Fig. 3 Intestinal metaplasia
glands with MUC2 mucin expression in the goblet cells
(red) and CDX2 expression in the nuclei of all cells
(brown)
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Definition

Intestinal obstruction is a partial or complete
mechanical blockage of the bowel that prevents
the contents, food, and fluid from passing through
the intestinal lumen. The most common cause of
mechanical intestinal obstruction in industrialized
countries is scar tissue � intra-abdominal
adhesions � from previous operations and
accounts for approximately 65–75% of cases.
Other causes include foreign bodies (items that
were eaten), rarely gallstones, hernias (portion of
intestine protruding into a structure or muscle),
intussusception where a part of bowel telescopes
and is trapped by an adjacent portion of the intes-
tine. Other causes are bowel tumors or external
tumors, inflammatory bowel disease such as
Crohn’s disease and twisted intestine called vol-
vulus. Impairs of venous drainage or arterial flow
caused by colon twist on its mesentery is the
mechanism of obstruction in volvulus.

The leading cause of small bowel obstruction
is the postoperative adhesions (60%), followed by
malignancies, Crohn’s disease, and hernias.
Lower abdominal and pelvic surgery such as colo-
rectal surgery, gynecologic surgery, hernia repair,
and appendectomy lead to obstruction, more often
than upper gastrointestinal surgeries. The risk of
obstruction ranges from 1–10% after appendicec-
tomy to 17–25% after restorative pro-
ctocolectomy. In large bowel, repetitive episodes
of diverticulitis cause muscular hypertrophy and
subsequent fibrosis and thickening of the colonic
wall, leading to narrowing. The most common
causes in pediatric cases are congenital atresia
(imperforate anus) and intussusceptions. Of the
latter, which mainly occurs in pediatric patients,
5–16% in the western world (2/3 are caused by
tumors) occurs in adults as well Luminal obstruc-
tions may be endogenous in origin such as meco-
nium in infants and rare in older children or even
adults with cystic fibrosis. Meconium is tenacious
and liable from abnormally viscid mucus due to
decreased fluid and increased chloride iron
secretion. The obstruction in these cases is in
mid or terminal ileum. Gallstone ileus is
a disease of adults and often elderly women.
1–2% of small intestine obstructions occur due

to gallstones that enter the small intestine lumen
through a cholecystoduodenal fistula or in rare
cases due to a small stone that passes the biliary
tree and may grow within intestinal lumen
(enterolith) until it reaches the size that can
cause obstruction.

The complete obstruction or a strangulated
a surgical emergency. Small bowel obstruction
leads to proximal dilatation with subsequent
more than usual fluid accumulation by stimulation
of cell secretory activity. The pathogenesis of
obstructive ileitis additionally to a mechanism
similar to that of obstructive colitis includes also
a functional disorder of the ileocecal valve, due to
tumor. Failure of the valve’s functionality leads to
ischemia, bacterial overgrowth, and deep ulcera-
tion by regurgitation of the contents and dilatation
of the lumen. The bowel distention leads to
increased intraluminal pressure and lymphedema
by compression of mucosal lymphatics. Increased
hydrostatic pressure in the capillary network is
caused by higher intraluminal hydrostatic pres-
sure. The concurrent distension (by adhesions)
and twisting of the bowel on its mesenteric pedicle
leads to strangulation with arterial occlusions and
subsequent bowel ischemia and necrosis. In addi-
tion, the dilated intestinal lumen may cause vaso-
spasm causing nonocclusive mesenteric ischemia.
The possible reason for the higher incidence of
obstruction on the left side, than on the right, is the
relatively smaller caliber of the left segment.

Clinical Features

• Incidence
Malignancies are the most common cause of
colonic obstruction (about 60%) followed by
diverticular disease (20%) and volvulus (5%).
Colorectal cancer causes intestinal obstruction
in 7–29% of patients.

• Age
Bowel obstruction can affect individuals of any
age, and different conditions occur with higher
percentages in certain age groups.

• Sex
The proportion of male and female is close to
each other, and is 1.2:1.
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• Site
Small bowel is more commonly affected than
large bowel (75% vs. 25%, respectively). If the
reason of the obstruction is a malignant tumor,
the incidence is 61% in the small bowel and
33% in large bowel. Left colon is affected more
commonly than the right.

• Treatment
Surgical intervention is the treatment of choice
in acute intestinal obstruction because of the
mechanical nature of the disease. In selected
patients, conservative therapy is still
considered in cases of incomplete adhesive
obstruction, because some adhesions loosen
up and the bowel lumen will open. Radiologic
imaging of small bowel allows to discriminate
between cases that can be treated conserva-
tively and obstructions that are surgical
emergencies. However, conservative therapy
may increase the rate of strangulation, the risk
of intestinal necrosis, and perforation. When
surgery is performed, the cause of obstruction
is removed with lysis of adhesions or
excision of the damaged bowel. Small
bowel obstruction cases due to peritoneal
carcinogenesis, Crohn’s disease, or sclerosing
peritonitis are typically treated conservatively.
In fetal and neonatal bowel obstruction, where
the cause is intestinal atresia, the treatment is
laparotomy and removing the damaged
portion.

• Outcome
Incomplete obstruction with early diagnosis
and treatment has good prognosis, whereas
complete obstruction, if treated
conservatively, has a higher incidence of recur-
rence than if treated with an operation. If sur-
gery is performed within 36 hours, the
mortality is low (8%), while untreated
strangulated obstruction is fatal in 100%
of patients.

Macroscopy

Obstructive ileocolitis is an ulcerative and inflam-
matory lesion that occurs proximal to the obstruc-
tion fromwhich it is separated by a variable length

of normal mucosa. The lesion measures
0.5–2.5 cm. in length and is separated from the
obstructed area by 2.5–35 cm. The changes vary
and depend on the duration of obstruction. The
lesions in obstructive colitis are erosions, shallow
ulcers, and pseudopolyps, that may have a patchy
distribution and must be distinguished from
inflammatory bowel disease in cases of slowly
developing lesions that are confined to the mucosa
or submucosa. Rapidly developing lesions
develop in the right colon and range from ulcers
to fulminant colitis and necrosis. On the contrary,
obstructive ileitis’s ulcer may be deeply penetrat-
ing into the subserosal layer and occasionally
perforating.

Microscopy

Obstructive colitis or ileitis refers to ischemic or
gangrenous colitis or ileitis proximal to an
obstructive colorectal lesion. Βiopsy of
obstructive colitis is not specific and has similar
features with other disorders, particularly
ischemia. The histologic changes are those of
ischemic colitis with most common micro-
scopic findings the necrosis of the mucosa with
denudation of epithelial cells, hemorrhage, con-
gestion, and prominent neutrophilic infiltration
(Fig. 1).

Intestinal Obstruction, Fig. 1 Gangrenous ileitis due to
obstruction by hernia: part of the small bowel is completly
necrotic with coagulative necrosis
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Immunophenotype

There are not any specific immunohistochemical
stains in intestinal obstruction.

Molecular Features

There are not any specific molecular features.

Differential Diagnosis

Intestinal pseudo-obstruction due to neuromuscular
abnormalities is the main differential diagnosis.
Among the latter, Hirschsprung disease can
resemble colonic obstruction.
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Maria Sotiropoulou
Department of Pathology, Alexandra Hospital,
Athens, Attica, Greece

Synonyms

Paralytic ileus

Definition

Intestinal pseudo-obstruction describes a syn-
drome in which the clinical presentation of
mechanical obstruction occurs in the absence
of any obvious reason. This can affect the
colon or small bowel and based on clinical
presentation is divided into acute and
chronic. Acute colonic pseudo-obstruction
appears with symptoms, signs, and radiologic
findings similar to those of mechanical intestinal
obstruction. Ogilvie, who described in 1948 two
cases of massive colonic dilatation without
mechanical obstacle and with malignant infiltra-
tion of the celiac axis and semilunar ganglion,
concluded that the condition is an imbalance in
the autonomic nerve supply. The clinical picture
of the patients with pseudo-obstruction, despite
etiology, is the same with that observed in intes-
tinal obstruction.

Acute colonic pseudo-obstruction usually
develops in elderly, hospitalized patients with
a variety of problems such as neurological dis-
eases, cardiac failure, chronic alcoholism, and
malignancy. In general, the most common con-
ditions in patients with pseudo-obstruction
include trauma, burns, pregnancy, or cesarean
delivery and severe conditions. The cardiotho-
racic, orthopedic, or pelvic surgery are common
causes.

The pathophysiology of intestinal pseudo-
obstruction remains unknown. The theory of an
imbalance in the autonomic nervous system is in
power, but new theories focus on the increased
sympathetic and decreased parasympathetic tone
or a combination. The increase of sympathetic
tone leads to inhibition of colonic motility. This
theory is supported by the successful treatment of
patients by using epidural anesthesia to block the
splanchnic sympathetic. Distally to the splenic
flexure, the parasympathetic innervation is via
the lumbar nerves, so if the sacral innervations
become disrupted, the colon may be atonic and
this can result in colonic pseudo-obstruction.
Pathophysiology of Ogilvie syndrome has been
studied in rats. Mechanical stretch induces the
expression of COX-2 which plays an important
role in suppression muscle contractility. Changes
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in the autonomic nervous function are produced
by arrest of stimulation of the splanchnic
sympathetic system or from damage to
cholinergic fibers, due to surgical manipulation
of the mesentery. Cofactors are electrolytic imbal-
ance and anesthetic agents. In acute peritonitis,
toxins absorbed through the peritoneal surface
and anoxia due to vascular stasis lead to muscle
disfunction.

Symptoms in acute colonic pseudo-obstruction
are similar to acute mechanical obstruction and
perforation, usually of the cecum.

Chronic colonic pseudo-obstruction occurs
secondary to underlying systemic disease and
rarely is a primary disorder (Tables 1 and 2).
Chronic constipation that leads to megacolon
is its usual presentation, while perforation
is rare.

Clinical Features

• Incidence
Acute colonic pseudo-obstruction occurs in
0.65–1.3% of patients undergoing orthopedic
surgery, but the true incidence remains
unknown, because of possibility of spontane-
ous resolution. 95% of the cases of acute
colonic pseudo-obstruction occur due to
medical or surgical conditions and only 5%
are idiopathic.

• Age
Most recent reports indicate that the intestinal
pseudo-obstruction occurs in the seventh or
eighth decade of life in contrast to the late
1980s, in which the mean age was the sixth
decade.

• Sex
The male to female ratio is 1.5/4.1.

• Treatment
Conservative management may be attempted,
if there are no signs of peritonitis or abdominal
distention. Sometimes, repeated colonoscopic
decompression is effective in 85% of the
patients. If an operation is performed, the tube
cecostomy is the procedure of choice with right
colectomy as the alternative treatment in case
of perforation or ischemia. An urgent laparot-
omy is indicated, if signs and symptoms of
colonic ischemia or perforation are present, or
if colonoscopy confirms ischemia. Secondary
chronic intestinal pseudo-obstruction is man-
aged by treating the underlying condition.

• Outcome
Acute colonic pseudo-obstruction can recur.
Recurrent or persistent colonic distension may
cause ischemia or perforation. The mortality
rate is 14% with conservative management and
30% with the surgical one. Evidence of poor
prognosis-perforation is a distended cecumwith
a diameter more than 14 cm, delay in colonic
decompression, and advanced age.

Macroscopy (Gross)

In familiar disorders, where there is atrophy of the
colonic muscle, the intestine is dilated with a thin

Intestinal Pseudo-Obstruction, Table 1 Idiopathic
chronic intestinal pseudo-obstruction

Myopathic forms Familiar visceral myopathy,
sporadic visceral myopathy

Neuropathic forms Familiar visceral neuropathies,
sporadic visceral neuropathies,
developmental abnormalities
(Hirschsprung’s disease, etc.)

Disorders of
interstitial cells of
Cajal

With visceral myopathy-type
changes or without

Disorders of
neurohormonal
peptides

Intestinal Pseudo-Obstruction, Table 2 Secondary
chronic intestinal pseudo-obstruction

Systemic disorders Progressive systemic
sclerosis, SLE, etc.

Endocrine and
metabolic disorders

Diabetes mellitus,
hypothyroidism, etc.

Infiltrative disorders Amyloidosis, diffuse
lymphoid infiltrate, etc.

Paraneoplastic Small cell carcinoma, etc.

Infections Chagas disease, herpes virus,
etc.

Miscellaneous Ceroidosis, small intestine
diverticulosis, etc.

Toxins and
pharmacologic agents

Antidepressants, opiates, etc.
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wall. In acquired muscle disorders, as sclero-
derma, there are large multiple sacculations in
the antimesenteric border due to patchy fibrosis.
The colonic innervation leads (not always) to
hypertrophy of the colonic smooth muscle in
a dilated megacolon, and on the other hand,
drugs and toxins cause neurologic lesions which
are accompanied by atrophy of the smooth muscle
(megacolon with thin wall). Secondary due to
stasis and extensive dilatation, the colon may
have inflammation, ulceration, and ischemia.

Microscopy

When the cause of intestinal pseudo-obstruction is
a smooth muscle disorder, such as familiar vis-
ceral myopathy, the muscularis mucosa or
muscularis propria are degenerated with
nuclear enlargement, pleomorphism, increased
mitotic figures, and a characteristic cytoplasmic
vacuolation which is periodic acid stain (PAS)
positive. At an early stage, fibrosis is not easily
recognizable, so a trichrome stain can be helpful.
Ultrastructurally, intracytoplasmic inclusions rep-
resent aggregates of degenerated myofibrils. In
electron microscopy, mitochondrial vacuolation
may be the only diagnostic feature. In final
stage, there is progression to fibrosis and
complete fibrous replacement of both muscular
coats. The longitudinal layer tends to be more
severely involved. In acquired damage of smooth
muscle, as in dermatomyositis or scleroderma, the
muscle coats are replaced patchily by collagen
and elastic fibers. In advanced stage, fibrosis is
diffuse with results in obliteration of the bowel.
The difference from familiar conditions is the
cytoplasmic vacuolation of the muscle fibers.
Sometimes, arteries show lesions as such intimal
proliferation, elastosis, and narrow lumen.

The surprising feature in myotonic dystrophy
and progressive muscular dystrophy is the
lymphocytic infiltration of the muscularis
mucosa. When the cause is an infective agent as
in Chagas disease, there is inflammatory reaction
consisting of lymphocytes and plasma cells with
destruction of the myenteric plexus, neuronal loss,
and often Schwann cell hyperplasia with

consequent smooth muscle hypertrophy. In para-
neoplastic syndromes, the key finding in the diag-
nosis is the presence of numerous lymphoid cells
and plasma cells within the myenteric plexus.

In acute intestinal pseudo-obstruction
(paralytic ileus), no specific histopathologic
changes are recognized and the picture mimics
ischemia secondary to increased intramural
pressure (Fig. 1).

Immunophenotype

Immunohistochemical markers which may be
helpful in neuropathic forms of chronic intestinal
pseudo-obstruction are VIP, substance P-related
tachykinins, nitric oxide synthase, neuropeptide
Y, calcitonin gene-related peptide, and Bcl-2.
These markers cannot differentiate primary from
secondary changes. Increased neural apoptosis
revealed by Bcl-2 supports the idea of neuropathic
changes. In cases of interstitial cells of Cajal
abnormalities, loss of normally C-kit-positive
cells or abnormal network is diagnostic, although
difficult to estimate on formalin-fixed tissue.

Molecular Studies

Many genes have been indentified in syndromic
forms of intestinal pseudo-obstruction including

Intestinal Pseudo-Obstruction, Fig. 1 Intestinal
pseudo-obstruction with features similar to ischemia due
to intramural pressure: capillary congestion, loss of epithe-
lium of the villi focally, and regenerative lesions
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thymidine phosphorylase (endothelial cell growth
factor-1), DNA polymerase gamma gene, and
SOX10 (transcription factor). Decreased Bcl-2
gene product in some cases provokes decreased
ganglion cell survival.

Differential Diagnosis

Intestinal obstruction acute or chronic due to
mechanical reason is the main differential
diagnosis. Ischemia from intestinal infarction
can have some similar features.
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Synonyms

Intestinal caseating granulomas disease

Definition

Intestinal manifestation of tuberculosis, infectious
disease caused byMycobacterium species mainly
Mycobacterium tuberculosis. Most of the cases
represents secondary spread of pulmonary tuber-
culosis via swallowing of infected sputum, hema-
togenous, spread or direct extension from adjacent
structures. Ileocaecal and jejunoileal segments are
most commonly involved sites followed by duo-
denal, appendiceal, and anal/perianal sites. Peri-
toneal tuberculosis may be the case in substantial
number of patients with ascites and clinically rel-
evant adhesions. In rare cases, intestinal tubercu-
losis may be primary due to ingestion of infected
milk from contaminated cows. This situation may
take place in countries where milk pasteurization
is not performed. Apart from intestines, primary
tuberculosis may also localize in oral mucosa and
tonsils. In these cases, Mycobacterium bovis spe-
cies must be taken into account. Extrapulmonary
localization is also more prevalent in immuno-
compromised AIDS patients. These patients pre-
sent with Mycobacterium avium-intracellulare
species infection.

Intestinal tuberculosis involves intestinal wall
and regional lymph nodes. Lymph nodes may
undergo caseous necrosis and be fixed in groups
(tabes mesarrhaica). Clinical features of intestinal
tuberculosis include: weight loss, fever, abdomi-
nal pain, diarrhea, and palpable abdominal
mass. It is commonly accompanied by night
sweats, malaise, anorexia, GI bleeding, and
malabsorption.

Clinical Features

• Incidence
Incidence of intestinal tuberculosis in devel-
oped countries is on the rise due to AIDS
epidemic and increasing number of immuno-
compromised persons. Tuberculosis occurs
also endemically in Asia and Africa regions.
In addition to HIV-positive patients, homeless,
incarcerated, alcoholics, people of poor socio-
economic standard also have the increased rate
of infection. The incidence rate of intestinal
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tuberculosis varies between 1.6% and 5% of
pulmonary tuberculosis cases (up to 24% in
advanced generalized tuberculosis). The risk
of developing tuberculosis in HIV-positive
patients is 5–10% per year. (Specific data for
intestinal tuberculosis in these patients are not
given.)

• Age
In some series, peak incidence of intestinal
tuberculosis occurs between 20 and 40 years
of age. In general, morbidity is rather
connected with living conditions and immune
competency.

• Sex
No evident sex predilection is reported. Blacks
and Asians are more prone to develop
tuberculosis.

• Site
Ileocecal region in 90% of cases followed by
ascending colon, appendix, jejunum, duode-
num, sigmoid, and rectum. Peritoneal second-
ary tuberculosis is more common than
intestinal tuberculosis.

• Treatment
Long-lasting antimicrobial therapy is the treat-
ment of choice in patients with intestinal tuber-
culosis. Surgical treatment is needed in case of
complications – mainly obstruction, perfora-
tion, or fistula formation.

• Outcome
Complications: severe enterocolitis, hemor-
rhage, perforation, obstruction, fistula forma-
tion, strictures, malabsorption, and severe
secretory diarrhea due to bacterial
overgrowth.

Macroscopy

Strictures and ulcers (or combination of both) are
the most common findings. Ulcers are usually
circumferential and located perpendicularly to
intestinal axis. Mucosal folds may be thickened.
Ileocaecal valve is often deformed and gaping.
The wall is thickened, fibrotic, and strictured.
The lesions may be segmental with skip areas
mimicking Crohn’s disease. The inflammatory
lesions may form masses called “tuberculomas.”

Macroscopically three forms of intestinal
tuberculosis occur:

– Ulcerative form (60% of cases): multiple
superficial ulcers

– Hypertrophic form (10%): mimics Crohn’ dis-
ease and includes scarring, fibrosis, and mass
lesion formation

– Ulcero-hypertrophic form (30%): intestinal
wall is thickened and ulcerated, inflammatory
mass is concentrated around ileocecal valve
mimicking malignancy.

Endoscopic and gross view of ileocecal tuber-
culosis is presented in Figs. 1 and 2.

Mycobacterium avium-intracellulare (MAI)
infections: endoscopy may be normal, 2–4 mm
raised granular white mucosal nodules with red-
dish rim, ulcers and hemorrhages may also be
present, mesenteric lymph nodes are enlarged,
firm, solid, with foci of necrosis.

Microscopy

The wall of the bowel is thickened and edematous.
Chronic inflammation may be present in all layers
of intestines, typically lymphoid hyperplasia
develops in later stages of the disease as also the
wall fibrosis does.

Intestinal Tuberculosis, Fig. 1 Ileocaecal tuberculosis –
endoscopic view (Courtesy of dr Pachlewski from my
department)

416 Intestinal Tuberculosis



Ulcers are situated perpendicularly to long axis
of the intestine, they may be superficial or deep.
The necrotic area may overlie the Peyer’s patches
giving pattern of aphthoid ulcers.

The most characteristic feature of intestinal
tuberculosis is the caseating granuloma. Granulo-
mas may be isolated or confluent and are found in
all layers of the wall, with submucosa being the
most common location (Figs. 3 and 4). The lym-
phocytic rim at the periphery of the granuloma is
sometimes present, giant cells may occur. As
granuloma gets older it hyalinizes and calcifies
to the extent it can be hardly spotted. Even though
tuberculosis connects with granulomas, they may
be also present in other intestinal conditions like

Intestinal Tuberculosis,
Fig. 2 Ileocaecal
tuberculosis causing ulcero-
vegetant mass (Courtesy of
prof. Ensari form
Department of Pathology,
Univeristy of Ankara)

Intestinal Tuberculosis, Fig. 3 Multiple granulomas
throughout the bowel wall (H&E; �100) (Courtesy of prof.
Ensari form Department of Pathology, Univeristy of Ankara)

Intestinal Tuberculosis, Fig. 4 A caseating granuloma
with Langhans type giant cell (H&E; �200) (Courtesy of
prof. Ensari form Department of Pathology, Univeristy of
Ankara)
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sarcoidosis, Crohn’s disease, tularemia,
yersiniosis, schistosomiasis, foreign bodies,
malakoplakia, and others. Classical granulomas
are also present in lymph nodes.

The mucosa between the ulcers is some-
what edematous and hemorrhagic, but in con-
trast to inflammatory bowel disease, the
architecture of the crypts is usually well pre-
served. The slight architectural distortion may
be however present in areas above caseating
granulomas.

Acid-fast stains (mainly Ziehl-Neelsen stain)
are used to show bacilli ofM. tuberculosismainly
within necrotic areas or macrophages. These
organisms are rod-shaped and have beaded
morphology. They are usually numerous in immu-
nocompromised patients, while in immunocom-
petent individuals, they may be very few and
hardly detectable. Anti-tubercular therapy
decreases the number of bacilli. PCR methods
may be helpful but are also dependent on number
of organisms. Microorganisms culturing remains
the gold standard in diagnosis but is both time
consuming and expensive.

MAI infection: in immunocompetent patients,
typical granulomas are formed.

In immunocompromised patients, villi are
distended and the diffuse infiltration of macro-
phages containing bacilli occurs. Such collections
cause just sparse reactive inflammation. Bacilli
stain with acid-fast stains and with PAS and
GMS stains.

Differential Diagnosis

All entities with granuloma formation may enter
the differential diagnosis, but in real clinical set-
ting, yersiniosis and Crohn’s disease are some-
times very difficult to differentiate from
tuberculosis. Ulcers in Crohn’s disease are linear
not circumferential, deep fissures and fistulas may
be present, and mucosal changes of chronic type
away from ulcers and granulomas are also present.
Yersinia granulomas are not usually caseating,
and lymph aggregates may have collections of
neutrophils in their centers. The following table
summarizes histological features which may be of
help in differentiating intestinal tuberculosis from
yersiniosis and Crohn’s disease (Table 1).

MAI infections require differentiation from
Whipple’s disease. Acid-fast stains and PCR
assays may add in distinguishing mycobacterial
infections from T. whippeli.
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Intestinal Tuberculosis, Table 1 Comparison of histological features in differentiation of M. tuberculosis, Yersinia,
and Crohn’s disease (Taken from reference 2 with changes)

M. tuberculosis Yersinia Crohn’s disease

Caseating granulomas Frequent Rare Absent

Confluent granulomas Frequent Frequent Absent

Numerous granulomas Common Common Rare

Lymphoid rim Frequent Frequent Uncommon

Lymphoid hyperplasia Common Very common Uncommon

Ulcers (deep and aphthous) Common Common Common

Architectural distortion May be present May be present Common

Chronic mucosal changes away from granulomas Absent Absent Common

Multiple sites of involvement Common Rare Common

Mucosal cobblestoning Uncommon Uncommon Common

Fistulas Uncommon Rare Common

Anal/perianal disease Rare Absent Common

418 Intestinal Tuberculosis



Intussusception

Gabriel Becheanu
Department of Pathology, Fundeni Clinical
Institute, Carol Davila University ofMedicine and
Pharmacy, Bucharest, Romania

Synonyms

Infolding; Introversion; Invagination

Definition

Intussusception occurs when a part of the intestine
(intussusceptum) telescopes or is invaginated into
the distal segment (intussuscipiens) and drags the
mesentery with it. It was first described in 1674 by
Barbette and was first treated successfully by sur-
gery in 1831. This condition represents one of the
four major causes of obstruction: herniation,
adhesion, volvulus, and intussusception. Usually,
in children, invagination is idiopathic, but there
are a lot of points of traction that can determine
invagination of the bowel segments like tumors or
different intraluminal masses. In adults,
intussusception in the small bowel generally has
as a lead point a benign or inflammatory lesion,
while that occurring in the large bowel is more
likely of malignant etiology.

Alteration of intestinal motility (hyper-
peristalsis; irregular, retrograde, or reduced
peristalsis) is considered to be responsible for
intussusception in some cases. The primary symp-
toms include abdominal pain and vomiting.

Clinical Features

• Incidence
Intussusception represents one of the most
common causes of obstruction in children and
toddlers, with an incidence of 2,000 infants in
the first year of life, in the United States, that
peaks between 4 and 9 months of age. Some
authors suggest that seasonal gastroenteritis

appears to have important roles in a seasonal
incidence with a peak in spring, summer, and
middle of the winter, but ecological studies
indicate no correlation in the Unites States. In
West Africa, cecocolic intussusception appears
to be the most common form of invagination.

• Age
Intussusception is usually present in infants
and little children (2/3 younger than 1 year),
while in adults, it represents only approxi-
mately 1% of the cases of intestinal
obstruction; in the latter age group, a tumoral
mass is the most common lead point.

• Sex
It is more frequent in male than in female
infants with a score of 3:1, and in older
children (over 4 years old), the incidence is
even higher for males, with a ratio of 8:1. In
adults, a male preponderance has also been
usually observed.

• Site
Most of the cases (80–90%) are ileo-colic
intussusception, usually in children, followed
by ileo-ileal, colo-colic, ileo-ileo-colic, and
sigmoido-rectal sites. Jejunal intussusceptions
are rare, described in children, and commonly
related to an anatomical malformation.
Appendiceal intussusception occurs mostly in
childhood, and different predisposing factors
and lesions have been described. According to
the segments of invagination, a few related
types of appendiceal intussusception have
been described: distal apex invagination, prox-
imal apex invagination, base in cecum, or
entire appendix.

Rectal prolapse through the anal sphincter,
considered an antegrade intussusception of the
rectal wall, mainly presents in 1–3 year old
children and elderly nulliparous women.

Gastroduodenal intussusception is by far
very rare, usually related to a tumoral mass.

Typically intussusception is the distal
propulsion of the invaginated segment, but
retrograde intussusception has also been
described.

• Treatment
Barium intake may reduce intussusception in
infants and young children, while older
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patients usually require surgical treatment.
Evidence of intestinal perforation represents
a contraindication of bowel enema. The
intussusception can spontaneously resolve in
children.

• Outcome
Untreated, the intussusception may progress to
vascular obstruction, ischemia, and subsequent
bowel infarction with necrosis of the bowel
wall, 10% of surgery-treated patients requiring
intestinal resection because of irreversible
damage to these structures. The final stage is
perforation of the bowel and sepsis, followed
by death in 2–5 days. For these reasons, intus-
susception should be considered an emergency
and treated as rapidly as possible in order to
avoid ischemia of the intestinal mucosa and
progression to perforation.

Macroscopy

Approximately 10% of intussusceptions have an
anatomic lead point – a piece of bowel tissue that
draws the proximal part inward, to be further
propelled by peristalsis into the immediately
distal part of the intestine. In older children and
adults, the presence of an intraluminal mass or
tumor is responsible as background for intussus-
ception. Sometimes hypertrophied Peyer’s
patches, a consequence of viral infections
(adenovirus or rotavirus), are considered to be
involved in this condition. The key points (lead
points) where the intussusception process starts
could be represented by: Meckel’s diverticulum,
Peutz-Jeghers polyps or other intestinal polyps,
intestinal duplication, adhesions, surgical scars,
meconium, tumor masses (lymphomas, hemangi-
oma, sarcoma), tuberculosis, endometriosis,
heterotopic pancreas. Invagination could also
appear associated with pain and melena in
Henoch-Schönlein purpura due to the develop-
ment of submucosal hematoma usually in
the small bowel. In cystic fibrosis, an adherent,
inspissated bowel content was described to be
responsible for an increased incidence of intussus-
ceptions. In children, the invagination could also

be determined by an adherent bolus of ingested
material (bezoars).

On macroscopy, the longitudinal section
through the specimen reveals three layers:
intussuscipiens wall, and entering and returning
layers of the intussusceptum part which appears
edematous and enlarged; congestion of the blood
vessels on the serosal surface and black areas of
infarction may be present. Cut sections may show
pus or fecal material (sometimes calcified) in the
lumen and a polypoid or tumoral mass, when
present.

Microscopy

In the incipient stage of intussusception, the intes-
tinal mucosa shows edema secondary to vascular
obstruction, but continuous obstruction of arterial
flow leads to ischemia with acute inflammatory
changes and hemorrhagic necrosis. Histological
features of intestinal prolapse can also be present
with smooth muscle proliferation, fibrosis, and
chronic inflammatory infiltrate. The position of
the mucosal layers is changed with the mucosa
in the external layer and muscularis in the internal
part. The lamina propria in appendiceal intussus-
ception can be obliterated by follicular hyperpla-
sia with reactive germinative centers.

The apex of the intussusceptum should be care-
fully examined in order to find the lead point and
to exclude a tumoral mass.

Molecular Features

A genetic predisposition with a familial anatomi-
cal tendency has been described by a study
conducted in Japan. Other studies discovered an
infiltration with CD3 positive lymphocytes in the
nervous plexus of children with adenovirus infec-
tion as a possible mechanism involved in the
pathophysiology of ileo-cecal intussusception
associated with this disease. A research by Cserni
and colleagues revealed that the inflammatory
reactions that precede intussusception may lead
to an increased production of nitric oxide (NO)
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and nitrergic neurons which may be followed by
relaxation of the ileo-cecal valve, thus favoring
invagination.

Differential Diagnosis

Different entities should be considered for
a differential diagnosis of intussusception, most
of them being causes of intestinal obstruction:
hernia, volvulus, intestinal duplication, inflamma-
tory diseases, appendicitis, polypoid lesions, and
rectal prolapse.
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Ischemic Bowel Disease
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Synonyms

Intestinal ischemia

Definition

Ischemic bowel disease, which may affect whole
or parts of the gastrointestinal tract, is due to an
imbalance between the blood supply, which is
decreased, and the metabolic demands of the gas-
trointestinal tract. Ischemic bowel disease rarely
involves the esophagus or the stomach, but mainly
affects the small intestine and the colon.

The gastrointestinal tract is nearly completely
supplied by three arteries, namely the coeliac axis,
the superior mesenteric artery, and the inferior
mesenteric artery. The coeliac axis, originating
from the anterior aortae, gives rise to three blood
vessels: the left gastric artery, the splenic artery,
and the common hepatic artery. The coeliac axis
and its branches supply the distal part of the
esophagus, the stomach, the liver, the proximal
duodenum, and the pancreas.

The superior mesenteric artery nourishes
the small intestine beginning from the distal
duodenum, the head of the pancreas, and the
ascending and the proximal two third of the
transverse colon. The inferior mesenteric artery
supplies the distal part of the transverse colon
with the splenic flexure, descending colon, and
sigmoid, and the superior rectal (hemorrhoidal)
artery, branching from the inferior mesenteric
artery, provides the rectum.

Due to the well-developed collateral blood cir-
culation, ischemia is rare in the esophagus, the
stomach, or duodenum. In contrast, ischemic
events are more commonly situated distally, espe-
cially at the splenic flexure and sigmoid.

In quiescent phase, the gut receives 20–25% of
the cardiac output, but postprandial, it may
increase up to 35% of the cardiac output.

According to the American Association of
Gastroenterology, intestinal ischemia can be clas-
sified into acute mesenteric ischemia, chronic
mesenteric ischemia or intestinal angina, and
ischemic colitis or colon ischemia. Ischemic
colitis will be discussed separately.

Acute mesenteric ischemia (95% of cases) is
mainly due to mesenteric arterial embolism
(50%), but may also occur in order conditions
namely non-occlusive mesenteric ischemia
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(20–25%), mesenteric arterial thrombosis
(10–25%), mesenteric venous thrombosis
(5–10%), and focal segmental ischemia (5%).
Emboli may have a cardiac origin, such as atrial
fibrillation, a recent myocardial infarct with
mural thrombus formation, valvular vegetations
secondary to a bacterial endocarditis. Mesenteric
arterial thrombosis is due to atherosclerosis,
hypercoagulability, hypovolemia, shock, or
vasculitis. Mesenteric arterial emboli and thrombi
are frequently situated in the superior mesenteric
artery.

Different conditions, namely, hematological
conditions, hypercoagulable states, diseases
associated with intra-abdominal inflammation
and sepsis, a parasitic infection, or blunt abdom-
inal trauma, are associated with mesenteric
venous thrombosis.

In non-occlusive mesenteric ischemia, the
intestinal infarction is not the result of an
occlusion, but involves a low cardiac output, lead-
ing to a decreased perfusion with vasoconstriction
of the splanchnic bed, due to cardiac disorders
such as congestive heart failure, myocardial
infarction, aorta insufficiency, or increased blood
viscosity from dehydration or hematological
disorders.

Acute mesenteric ischemia is associated with
severe tissue damage and necrosis, which is not
only related to the reduced blood supply, but also
due to the reperfusion, inducing a decreased tissue
oxygenation with increased microvascular perme-
ability. Prolonged ischemia will cause a break-
down of the mucosal barrier with intestinal necro-
sis, ileus, sepsis, and multiorgan failure, possibly
resulting in death of the patient.

Chronic mesenteric ischemia (5% of the cases)
is caused by an occlusion of the mesenteric ves-
sels, commonly due to arteriosclerosis (35–70%).
Occlusion of a single vessel rarely causes symp-
toms, except in case the mesenteric arterial inter-
connections between the superior and inferior
mesenteric artery are less well developed. Chronic
mesenteric ischemia will become symptomatic in
patients with multivessel involvement. Uncom-
mon causes of chronic mesenteric ischemia are
fibromuscular dysplasia, Buerger disease, and
aortic dissection.

Acute or chronic intestinal ischemia may also
be the result of a vascular injury of small blood
vessels, namely, venules, arterioles, or capillaries,
in the mucosa. This microvascular insufficiency is
caused by different, uncommon diseases, such as
amyloidosis, vasculitis, thrombotic thrombocyto-
penic purpura, and diabetes mellitus.

Independent of etiology, the damage in the
bowel is due to a dysfunction of the
microcirculation, causing a failure in supply of
nutrients such as oxygen, with secondary a local
inflammatory cell response with release of
mediators. Loss of the epithelial integrity results
in a bacterial translocation, causing a systemic
inflammatory response with eventually organ fail-
ure at a distance. In order to restrict the extent of
bowel infarction and hence to improve the prog-
nosis of the patient, early diagnosis is necessary.

The diagnosis of acute mesenteric ischemia is
difficult and requires a high index of suspicion of
the clinician for early diagnosis. Due to the acute
ischemia, patients will present with nonspecific
symptoms, such as nausea, vomiting, diarrhea,
vague central abdominal pain, and rectal blood
loss. The symptoms differ in function of the
cause of the ischemia. Patients with mesenteric
ischemia due to emboli present with an abrupt
onset of severe abdominal pain. In case of chronic
atherosclerotic lesions, the patients will have
symptoms, such as postprandial pain, food fear,
and weight loss pointing toward intestinal angina.
The disproportion between the severity of the
abdominal pain and the physical findings must
make the clinician aware of the possibility of
mesenteric ischemia. No definitive diagnostic
test is available. Laboratory tests are applied to
evaluate the condition of the patient. Plain abdom-
inal X-rays reveal nonspecific findings. Moreover,
in approximately 25% of the patients, normal
findings are found on plain abdominal X-rays.
Doppler ultrasonography is a highly specific tech-
nique for detection of occlusions or severe steno-
sis of the splanchnic bed, but this method has no
value in the detection of emboli or in diagnosing
non-occlusive ischemic mesenteric ischemia. CT
scan, which has a significant high sensitivity
(96%) and specificity (94%), is the golden stan-
dard for diagnosing of mesenteric ischemia. This
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method is more adequate in the assessment of
venous thrombi.

Mesenteric angiography is used to differentiate
embolic from thrombotic arterial occlusions and
to assess the narrowed and irregular major
branches of the superior mesenteric arteries, char-
acteristic for non-occlusive mesenteric ischemia.

Chronic mesenteric ischemia is a clinical diag-
nosis based on symptoms. If there is clinically
a high suspicion for chronic mesenteric ischemia,
patients should undergo a screening with duplex
ultrasonography, CT, or MRA to visualize the
mesenteric vessels and to identify significant
stenoses.

Clinical Features

• Incidence
Acute mesenteric ischemia is significantly
more common than chronic mesenteric ische-
mia, with 1 in 1,000 hospital admissions.
A Swedish study has shown that there is
a significant difference in incidence of acute
mesenteric ischemia (12.9/100,000 persons-
years) compared to mesenteric venous throm-
bosis (2.7/100,000 persons-years). The
etiology is mainly due to an acute occlusion
of the superior mesenteric artery (67.2%),
whereas a mesenteric venous thrombosis
(15.7%) and non-occlusive mesenteric ischemia
(15.4%) are significantly less common.

In contrast to acute mesenteric ischemia, the
incidence and prevalence of chronic mesen-
teric ischemia is difficult to determine.
Although population-based studies have
shown that the prevalence of chronic mesen-
teric occlusive disease varies between 1% and
8%, in which approximately 2% of the patients
show arteriosclerotic lesions in more than one
vessel, the majority of these patients are
asymptomatic. Therefore, it is estimated that
chronic mesenteric ischemia accounts for less
than 1 per 100,000 hospital admissions, which
is likely an underestimation.

• Age
Acute mesenteric ischemia occurs in elderly
with slight variation in age distribution

according to the cause: arterial embolism
median age 74 year (range 61–96), arterial
thrombosis 74 year (range 45–91 year); venous
thrombosis 65 year (43–85 year). Non-
occlusive ischemia happens in young people
and is mostly associated to drug-intake (e.g.,
cocaine) or related to an inherited disorder of
lipid metabolism. Similar to acute mesenteric
ischemia, chronic mesenteric ischemia is
a disease of the elderly, occurring in patients
over 60 years of age.

• Sex
Acute mesenteric ischemia is characterized by
a gender predominance, in which women are
affected, with three times the frequency of
males.

Similar to acute mesenteric ischemia, the
classic presentation of chronic mesenteric
ischemia is a female with postprandial abdom-
inal pain, that results in significant weight loss.
This disease is more common in women (70%)
than in man.

• Site
In acute as well as chronic mesenteric ische-
mia, the most common involved artery is the
superior mesenteric artery. This artery is more
prone to receive emboli because of its oblique
origin from the visceral aortic segment. The
majority of thromboemboli tend to stick in to
the middle colic artery, a branch of the superior
mesenteric artery, causing an ischemic infarc-
tion of the distal part of the colon with sparing
of the first part of the small intestine and the
ascending colon. Because of their small size,
atheroemboli occlude distally the tiny branches
of the artery, resulting in more localized areas
of ischemia.

• Treatment
Because of its poor outcome, acute mesenteric
ischemia is an emergency in diagnosis and
treatment. Patients have a better outcome if
the time between symptoms and treatment is
limited. Treatment consists of supportive ther-
apy to stabilize the hemodynamic status and
anticoagulation, eventually followed by sur-
gery. Surgery, corresponding to an emergency
laporatomy, is indicated as the patient present
with signs of peritonitis, signifying bowel
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infarction. Surgical treatment consists of
a visceral revascularization (embolectomy,
thrombectomy, endarterectomy, or bypass)
and resection of the necrotic bowel segment,
with achievement of vital section margins. If
the condition of the patient does not improve,
a second-look laporatomy should be
performed.

In case of chronic mesenteric ischemia,
revascularization, consisting of endovascular
therapy with stenting, is performed. Patients
with atherosclerosis should alter their life
style by smoking cessation, aggressive
lipid-lowering therapy, optimization of blood
pressure, diabetes control, and antiplatelet ther-
apy with aspirin.

• Outcome
The prognosis varies in function of the etiology
of acute mesenteric ischemia: Mortality in
venous thrombosis 50–70%, arterial
thrombosis 70–80%, and even higher in
non-occlusive mesenteric ischemia, more than
80%. The surgical approach also influences the
prognosis: patients have a better prognosis after
surgical resection of the necrotic bowel segment,
with revascularization than surgical resection or
revascularization alone. In elderly, the prognosis
is not dependent of their age, but is determined
by the delay between the first presentation of
their symptoms and surgery. If the time delay is
more than 12 h, prognosis becomes worse due to
complications such as peritonitis and sepsis.

In contrast to acute mesenteric ischemia,
patients with chronic mesenteric ischemia
have a significant better prognosis with a low
mortality (3.56–7.23%). However, chronic
mesenteric ischemia is a progressive disease
with finally failure of the collateral circulation
and the development of a fatal mesenteric
infarction with high mortality rates.

Macroscopy

Due to the delay in diagnosis because of the
nonspecific symptoms, suggestive for more com-
mon diseases such as diverticulitis, appendicitis,
pancreatitis, ileus, the diagnosis of acute

mesenteric ischemia is frequently delayed. Diag-
nosis is not made on biopsies, but on a resection
specimen or during autopsy. The diagnosis
requires a systematic examination of the resection
specimen with adequate sampling of the section
margins in order to determine their viability. In the
serosal and mesenterial fat, several blood vessels
are sampled to determine the cause of ischemia,
e.g., atherosclerotic changes, the presence of
thrombi, or vasculitis. Biopsies of the most
affected area are taken to determine the severity
of the ischemia.

In contrast to venous embolism, the transition
from normal to ischemic intestine is more sharp,
with arterial embolism or thrombosis. Whereas in
mesenteric occlusive ischemia, the distribution of
the ischemia will be segmental, uniform in
severity, involvement of the bowel due to non-
occlusive mesenteric ischemia will be patchy, var-
iable in severity, and frequently widespread. In
early stage ischemia, an affected bowel shows an
edematous and pale mucosa, with mucosal
sloughing and a congestive submucosa. If the
ischemia progresses, the bowel wall becomes
dark purple and dusky (Fig. 1). At the level of
the mucosa, erosions and ulcers are seen due to the
necrosis. Ulcers may become deeply infiltrating,
resulting in a perforation of the bowel wall.
Patients with chronic mesenteric ischemia
present with mural fibrosis and strictures.

Autopsy will show ischemia or an infarction of
the small intestine without signs of a mechanical

Ischemic Bowel Disease, Fig. 1 Necrotic small intestine
with disappearance of the normal folding pattern and
a dusky black mucosa
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reason of obstruction such as a herniation. Mes-
enteric emboli and thrombi are usually found
within the superior mesenteric artery, eventually
with significant atherosclerotic lesions in case of
arterial thrombosis. The latter however is not
uncommon as approximately 10% of the popula-
tion will have 50% stenosis in the mesenteric
artery at autopsy. Venous thrombosis involves
more commonly the superior mesenteric veins
than the inferior mesenteric veins, resulting in
a hemorrhagic infarction of the bowel.

Microscopy

The histologic features of ischemia will depend on
the time period and the extent of the ischemic
injury, on the degree of reperfusion of the affected
area, on the delay between occurrence of the
ischemic insult and surgical intervention. Intesti-
nal ischemia is more commonly diagnosed on
a resection specimen, than on biopsies. Biopsies
are available for the pathologist if the clinical
presentation is not clear and other diseases should
be excluded.

Morphological changes, due to ischemia,
occur initially at the level of the mucosa with
detachment of the epithelium, first at the top of
villi and later on extending to the base of the
crypts (Fig. 2). Degenerated surface epithelium
will show mucus depletion and reactive changes.

At first instance, epithelial loss is not complete at
the level of the crypts, which remain delineated by
attenuated epithelium, but if the ischemia pro-
gresses, remnants of crypts, so-called crypt
ghosts, are seen. Other morphologic features are
congestive blood vessels eventually containing
fibrin thrombi, hemorrhages, hyalinization, and
a scarce inflammatory infiltrate in the lamina pro-
pria. The submucosa shows edema and
congestion of the blood vessels, eventually with
hemorrhages. In time, the reperfusion of the
damage tissue causes an infiltration of the
mucosa by neutrophils, with formation of pseudo-
membranes, composed of fibrinopurulent material
with necrotic epithelium. If the ischemia perse-
veres or begins suddenly due to an acute occlusion
of an artery, the damage will extend in depth
inducing a transmural necrosis, eventually with
a perforation. Occasionally pneumatosis
intestinalis is observed in the necrotic wall as
a result of the invasion of bacteria, producing gas.

Depending on the degree of recovery of the
blood supply of the ischemic bowel, restoration
occurs either up to a normal villous architecture,
to a small intestinal mucosa resembling the colon,
or to a flat mucosa without villi or crypts. In time
however, the intestine will show a nearly normal
morphology. The reparative phase of ischemia
is characterized by a chronic inflammation, in
which the lamina propria is infiltrated by
lymphocytes and plasma cells. Proliferation of
fibroblasts will result in a hyalinization of the
stroma. The surface epithelium may show
features of reepithelialization.

Differential Diagnosis

Based on the clinical and radiological
presentation, several diseases may mimic
intestinal ischemia such as infectious diseases
like cytomegalovirus, Mycobacterium avium,
Whipple disease, inflammatory bowel disease,
especially Crohn’s disease, coeliac disease, graft
versus host disease, radiation enteritis, rare
intestinal tumors, e.g., an adenocarcinoma or lym-
phoma of the small intestine, and amyloidosis.
The clinical information and eventually

Ischemic Bowel Disease, Fig. 2 The villi of the small
intestine are necrotic with sloughing and loss of the epi-
thelium. The lamina propria has a hemorrhagic appearance
(H/E, 200�)
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pathological examination may solve this differen-
tial diagnostic problem.

Cytomegalovirus may affect the endothelial
cells of the blood vessels, causing damage to the
mucosa resembling ischemia. The virus causes
typical viral inclusions, which can be highlighted
by performing an immunohistochemical staining
or molecular analysis. Mycobacterium avium
infection and Whipple disease are both
characterized by the presence of foamy
macrophages, in which micro-organisms can be
detected by applying either a Ziehl-Nielsen or
PAS stain.

The disturbed villous architecture with
presence of inflammation may give rise to
a differential diagnostic problem between
intestinal ischemia and Crohn’s disease.
However, in contrast to Crohn’s disease, the
inflammation is less pronounced with a limited
number of neutrophils in early stage. Beside the
different clinical presentation, intestinal ischemia
may involve the deeper layers of the bowel wall
with a scarce inflammatory infiltrate with a limited
number of neutrophils, which differ from ulcera-
tive colitis.

Radiation enteritis shows some microscopic
features similar to intestinal ischemia, such as
loss of surface and gland epithelium with an
increased cellularity in the edematous and
hyalinized stroma. However, the presence of
telangiectatic vessels, atypical endothelial cells,
and atypical fibroblasts are diagnostic for
radiation enteritis.
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Synonyms

Acute large bowel ischemia; Colon ischemia;
Lower gastrointestinal ischemia

Definition

Ischemic colitis or lower gastrointestinal ische-
mia, for the first time described by Boley et al. in
1963, is a vascular condition of the lower gastro-
intestinal tract, in which the colon is injured due to
an inadequate blood supply. The extent of damage
of the colon will depend on the duration and cause
of the ischemic injury, the involved blood vessel
type and its localization as well as the degree of
collateral blood supply. The insufficient blood
supply induces an inflammation of the colon,
evolving from mucosal damage to full-thickness
or transmural necrosis.

The vascular supply of the colon consists of
three arteries, namely, the superior mesenteric
artery, distributing the ascending and the proximal
two thirds of the transverse colon, the inferior
mesenteric artery, nourishing the distal part of
the transverse colon with the splenic flexure,
descending colon and sigmoid, and the superior
rectal (hemorrhoidal) artery, branching from the
inferior mesenteric artery, supplying the rectum.
The latter part of the colon is also supplied by the
internal iliac arteries. In contrast to the small
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intestine, the colon is more prone to ischemia due
to the low blood flow and the less well-developed
microvasculature. Areas at risk for ischemia are
the so-called watershed zones, in which two cir-
culations meet each other with limited collateral
networks. These watershed areas are the splenic
flexure (Griffith’s point), an area situated between
the superior and inferior mesenteric artery, the
distal sigmoid (Sudeck’s point), in between the
inferior mesenteric artery and the superior rectal
artery, and the right colon, where the marginal
vessel is poorly developed in nearly half of the
population.

According to the technical review on intestinal
ischemia, published by the American Association
of Gastroenterology, intestinal ischemia can be
classified into acute mesenteric ischemia, chronic
mesenteric ischemia or intestinal angina, and
ischemic colitis or colon ischemia. The pathogen-
esis of ischemic colitis is very heterogeneous, but
is based on two different mechanisms. The most
common mechanism is a reduced blood supply,
causing an imbalance between the blood supply
and the required metabolic needs of the bowel.
This non-occlusive form of mechanism is due
to a low cardiac output in patients with
cardiac failure or shock, either hypovolemic, hem-
orrhagic, or septic of origin. Other causes of non-
occlusive ischemia are a colonic obstruction,
caused by volvulus, colon cancer, fecal impaction,
strangulated hernia, or pseudo-obstruction. In
these conditions, the blood supply may be dimin-
ished as a result of the distension of the gut with
increase of the intraluminal pressure. Drugs, such
as NSAIDs, diuretics, or cocaine, may also be
responsible for non-occlusive ischemic changes
due to their vasoconstrictive effects. Ischemic
colitis is also observed in patients, having major
vascular surgery, such aorto-iliac reconstructive
surgery (7%) or open aortic aneurysm repair
(1–7%). The prevalence of ischemic colitis is
significantly higher in patients having a ruptured
aneurysm (24–44%). The occlusive form is
mostly arterial of origin, of which an embolus
(50%) is the most common cause. Other causes
of vascular occlusion are small vessel occlusion
(20%), a mesenteric arterial (10%), or venous
thrombosis (10%). Patients with a

hypercoagulable state, either congenital, e.g., fac-
tor V Leiden mutation of protein C or
S deficiency, or acquired, e.g., antiphospholipid
syndrome, are at risk of developing thrombotic
occlusion of small vessels, causing colonic ische-
mia, in 28–74% of patients. A hypercoagulable
state is more likely the cause in young patients
with recurrent or chronic ischemia.

Clinical Features

• Incidence
Ischemic colitis is the most common cause of
ischemic disease of the gastrointestinal tract,
affecting more than half of the cases (50–60%).
In the general population worldwide, the inci-
dence of this disease is difficult to determine
and most likely underestimated because of the
mild and transient nature of the disease, which
is not uncommonly misdiagnosed as an acute
self-limiting colitis or inflammatory bowel dis-
ease. According to literature, the incidence of
ischemic colitis varies between 4.5 and 9.9 per
100,000 person years, with the highest
published incidence of 44 cases per 100,000
person years. The disorder is responsible for
1–3 per 1,000 acute hospital admissions.

• Age
The incidence of ischemic colitis is related to
age with a significantly higher incidence in the
elderly, aged over 65 years (119 per 100,000
person years) compared to individuals in their
fourth decade of life (0 per 100,000 person
years). The higher incidence in elderly is
related to the high comorbidity rate such as
coronary artery disease, hypertension, diabe-
tes, chronic obstructive disease (COPD), and
renal insufficiency. Chronic obstructive lung
disease is associated with a higher incidence
of ischemic colitis (9.2 per 100,000 person
years) compared to the non-COPD control
population (4.5 per 100,000 person years).
Although ischemic colitis is more common in
the elderly, a young age is not an exclusion
criterion for the diagnosis of this disorder. In
contrast to elderly in which ischemic colitis
occurs in association with congestive heart
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failure, coronary artery disease, or atheroscle-
rosis, in young age patients, ischemia is mostly
related to medications or extreme efforts such
as marathon running, in which the extreme
effort causes shunting of the blood away from
the splanchnic circulation.

The clinical presentation is very heteroge-
neous and will depend on the etiology, the
degree of blood flow reduction, the speed of
the ischemic insult, the extent of collateral
vascularization. In the non-gangrenous form
(80–85%), which is more frequent than the
gangrenous form (15–20%), the lesions are
more transient and reversible, resolving within
1–3 months. If the ischemic injury is more
pronounced, progression to chronic and irre-
versible strictures (10–15%), causing obstruc-
tion, or chronic segmental ischemic colitis
(20–25%) occurs. An acute ischemic insult
may cause either gangrene or a fulminant uni-
versal colitis. Important is the awareness of the
clinician for this disorder, as the gangrenous
stage has a high mortality rate of more
than 60%.

Ischemic colitis is the second most common
cause of a low gastrointestinal bleeding in
patients presenting with a sudden onset of
abdominal pain, usually in the lower left quad-
rant, and bloody diarrhea. Hematochezia
occurs most commonly within one day after
the onset of the abdominal pain. Other clinical
symptoms are fever, urge for defecation,
abdominal tenderness, situated at the level of
the affected bowel segment. In case of full-
thickness necrosis of the bowel wall, patients
will have symptoms of peritonitis and eventu-
ally septic shock.

The diagnosis of ischemic colitis however
remains a challenge as the symptoms are often
nonspecific. Work-up starts with an anamnesis
and physical examination. Laboratory values,
such as leukocytes, lactate dehydrogenase
(LDH), alkaline phosphatase, creatinine
phosphokinase, may be abnormal but are non-
specific markers for identification of this disor-
der. Findings with radiological examination
such as plain radiographs, computed tomogra-
phy, on air contrast or barium/air contrast may

suggest an ischemic colitis, but are not conclu-
sive. Ultrasonography can be useful in the dis-
tinction between inflammation and ischemia, but
its low sensitivity restricts its use as primary
diagnostic tool. Colonoscopy is the golden stan-
dard for the diagnosis of ischemic colitis as this
method has the highest sensitivity and specificity
to detect mucosal alterations with as additional
advantage tissue sampling. This routinely used
technique however visualizes only the mucosal
ischemia without assessment of the full-
thickness ischemia of the bowel wall. Endos-
copy is contraindicated in case of full-thickness
necrosis because of the increased risk
of perforation.

• Sex
The risk of ischemic colitis is also gender
determined with a higher incidence rate in
women (58 per 100,000 person years) than in
males (32 per 10,000 person years).

• Site
Ischemic colitis is a segmental disease, which
may affect any part the colon. However, water-
shed areas are more prone to ischemic injury
than other parts of the colon. Studies have
shown that the risk of ischemia is variable in
these watershed areas, namely, in the right
colon (33.3–46%), the rectosigmoid
(25.6–40%), and the splenic flexure (15.4%).
The distal part of the colon, consisting of the
descending colon, sigmoid, and rectosigmoid,
is more frequent involved that the proximal
part, in which the right colon is more com-
monly affected. The rectum is more resistant
to ischemia due to the dual blood supply by the
superior rectal artery, branching from the infe-
rior mesenteric artery and the internal iliac
arteries.

• Treatment
Because of its favorable prognosis with spon-
taneous resolution of the ischemic lesions, the
treatment is mostly supportive in early stage
disease. This therapy consists of intravenous
fluid, broad-spectrum antibiotics, decompres-
sion of the distended bowel, bowel rest.
Surgery is only acutely indicated in case of
peritoneal signs, massive bleeding, or univer-
sal fulminant colitis, eventually associated
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with a toxic megacolon. Subacute indications
for surgery are persistence of the symptoms
for more than 2–3 weeks, suggesting
unresponsiveness to the supportive therapy,
protein-losing colopathy, or patients with
recurrent attacks of sepsis. Elective surgery is
only indicated in patients with a symptomatic
colon stricture or symptomatic segmental
ischemic colitis. During laparotomy, the sur-
geon resects the gut involved, with achieve-
ment of vital section margins.

• Outcome
The prognosis of ischemic colitis will depend
on the etiology, the localization and extent
of the involved gut segment, and the
comorbidities. Patients with a transient ische-
mic colitis, treated with supportive therapy,
have a significant lower risk of mortality
(9%), than those, presenting with an acute
abdomen, requiring immediate surgery
(48%). Right-sided colitis has a less favorable
prognosis because of its distinct severity,
requiring surgery in approximately 60% of
the patients with a mortality of around 25%.

Macroscopy

The appearance of the ischemic mucosa varies in
function of the severity of the ischemic insult and
the delay between this insult and the endoscopical
examination (Fig. 1). In transient ischemic colitis,
endoscopic examination reveals a pale and edem-
atous mucosa with segmental erythema, petechial
hemorrhages, superficial erosions, and linear
ulcerations. Characteristically, there is sharp
demarcation between the involved segment of
the gut and the normally vascularized bowel seg-
ment. Progression of the disease is associated with
hemorrhages and submucosal edema, presenting
as luminal protruded bluish-black blebs or nod-
ules. These lesions are responsible for the charac-
teristic thumbprinting sign on radiologic
investigations. Due to delay in the performance
of this technical examination, this thumbprinting
sign will fade away as a result of resorption of the
submucosal hemorrhages or disappearance of
these lesions when the mucosa ulcerates and

sloughs. The chronic stage of the disease is char-
acterized by strictures, disappearance of the
haustrations and mucosal granularity. With
increase in severity, the mucosa becomes dark or
cyanotic with presence of pseudomembranes and
pseudopolyps.

Thorough examination of a resection specimen
for ischemia is necessary in order to determine the
extent of the ischemic injury, the viability of sec-
tion margins, and the etiology of the injury by
investigating the blood vessels to detect
a vascular occlusion due to a thrombosis or arte-
riosclerotic changes.

Microscopy

Microscopical examination is rarely performed in
transient ischemic colitis, because time will heal
the ischemic lesions if the ischemic injury is mild.
Moreover, the diagnosis is a clinical one. In case
biopsies are performed, the morphological alter-
ations will point either to an acute ischemia or
a reparative phase. Acute ischemia has a patchy
distribution with involved areas separated by
a normal mucosa. It is characterized by necrosis
of the superficial part of the crypts, whereas the
remnants of the crypts have an atrophic appear-
ance with a dilated lumen, lined by an attenuated
epithelium (Fig. 2). The lamina propria is

Ischemic Colitis, Fig. 1 Endoscopic view of a colon with
an ischemic colitis, characterized by a loss of the normal
folding pattern due to necrosis and ulcerations of the sur-
face mucosa
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edematous with presence of congested blood ves-
sels and lymphatic vessels. In the early phase of
ischemia, the inflammation is restricted with
a sparse number of neutrophils. These inflamma-
tory cells may eventually infiltrate the atrophic
crypts, causing cryptitis and crypt abscesses.
At the surface pseudomembranes, consisting of
fibrinopurulent material and necrotic epithelium,
are seen. Breakdown of the surface epithelium
will increase the permeability with an invasion
of bacteria, inducing a neutrophilic infiltration.
In more severe ischemia, the submucosa shows
pronounced edema with capillary and lymphatic
congestion, hemorrhages, and inflammation. If
thrombi are present in blood vessels, necrosis of
the mucosa occurs with development of superfi-
cial or linear ulcers. Deeply infiltrating ulcers,
extending in to the serosa, may cause

a perforation. The damage is not only the result
of ischemia but is also induced by the reperfusion
of the bowel wall. Although reperfusion may
cause a reoxygenation of tissue, the increase in
oxygen supply is associated with a release of
cytotoxic oxidants. These oxidants are responsi-
ble for an inflammatory response, in which neu-
trophils are activated. Adhesion of neutrophils to
endothelial cells may cause the formation of fibrin
thrombi. Due to the occlusion of the blood ves-
sels, necrosis may extend throughout all the layers
of the wall, finally resulting in a transmural
necrosis.

In the reparative phase, the ulcer base will be
replaced by granulation tissue and fibrosis. The
acute inflammation with neutrophils will change
into a chronic inflammation with presence of lym-
phocytes and plasma cells. Due to the
proliferation of fibroblasts, the mucosa becomes
fibrotic with hyalinization of the lamina propria.
This hyalinized stroma contains hemosiderin-
containing macrophages. Regeneration of the epi-
thelium will result in a reepithelialization and
restoration of the crypts, be it that the crypt archi-
tecture will not completely normalize. Chronic
inflammation with pronounced fibrosis in the sub-
mucosa may initiate stricture formation.

Molecular Features

Molecular data on the topic ischemic colitis
are limited. According to the study of
Theodoropoulou and Koutroubakis (2008),
genetic predisposition may play an important
role in the pathogenesis of ischemic colitis in
young patients. They have shown that some poly-
morphisms of the genes FV R506Q en PAI-1 are
associated with the development of ischemic coli-
tis in young patients without serious illness. FVL
is a thrombophilic factor, whereas the PAI-1 is an
important inhibitor of the fibrinolytic system. The
detection of FV 506Q and PAI-1 polymorphisms
in young patients with ischemic colitis suggests
that coagulation disorders play a role in the
pathogenesis of this disease.

Ischemic Colitis, Fig. 2 Dilated crypts with necrotic and
sloughed crypt epithelium at the surface of the mucosa, in
a paucicellular stroma with microthrombi (H/E, �150)
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Differential Diagnosis

The differential diagnosis of ischemic colitis,
based on its clinical presentation, is unlimited
and includes vascular disorders, such as mesen-
teric artery insufficiency, mesenteric venous
thrombosis, inflammatory disorders such as
inflammatory bowel disease, infectious colitis,
diverticulitis, pseudomembranous colitis, peptic
ulcer disease, pancreatitis, or different causes of
bowel obstruction.

Based on the morphological features, several
diseases belong to the differential diagnosis such
as pseudomembranous colitis, inflammatory bowel
disease, collagenous colitis, radiation colitis.

Pseudomembranous colitis, caused by
Clostridium difficile, and ischemic colitis are
both characterized by the presence of pseudo-
membranes. Pseudomembranes are however
patchy in ischemic colitis, whereas in pseudo-
membranous colitis, these pseudomembranes are
diffusely distributed. Microscopic features diag-
nostic for ischemic colitis is the presence of
a hyalinized mucosa and cryptatrophy. Other fea-
tures are less specific, but are more pronounced in
ischemic colitis, such as hemorrhages in the lam-
ina propria and full-thickness mucosal necrosis.
As a result of the severe submucosal edema, ische-
mic colitis may present endoscopically as a polyp
or mass.

In hemorrhagic enterocolitis, the endothelium
of the capillaries is injured due to bacterial toxins,
produced by enterohemorrhagic Escherichia coli
orKlebsiella oxytoca. This causes hemorrhages of
the lamina propria with loss of the epithelium at
the surface and the crypts. In contrast to ischemic
colitis, the inflammation is more pronounced with
numerous neutrophils at first instance and later on
an infiltrate consisting of lymphocytes and plasma
cells.

The chronic inflammation in the submucosa
in a later stage of ischemic colitis with
involvement of the left colon may give rise
to a differential diagnostic problem with
inflammatory bowel disease. In ischemic coli-
tis however, infiltration of the crypts with

cryptitis and crypt abscesses is less prominent
than in inflammatory bowel disease. Granulo-
mas, present in Crohn’s disease, are not found.
Hemosiderin-containing macrophages in the
hyalinized stroma are diagnostic for ischemia,
which in contrast to ulcerative colitis are also
characterized by involvement of the deeper
layers of the bowel wall.

The hyalinized stroma in collagenous colitis
and radiation colitis may mimic ischemic colitis
but with a different clinical presentation.
Radiation colitis shows some microscopic
features similar to ischemic colitis, such as loss
of surface and gland epithelium with an
increased cellularity in the edematous and
hyalinized stroma. However, the presence of tel-
angiectatic vessels, atypical endothelial cells,
and atypical fibroblasts are diagnostic for radia-
tion colitis. In collagenous colitis, the inflamma-
tion is more pronounced with presence of
a mixed infiltrate of neutrophils, lymphocytes,
and plasma cells.
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Ischemic Gastritis
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Synonyms

Gastric ischemia

Definitions

When blood flow in the rich gastric vascula-
ture is disrupted, ischemic damage to the stom-
ach occurs. There is a wide array of causes
associated with this disruption, and the sever-
ity of the effects is related to the underlying
cause. The most commonly present risk factors
are the association of diffuse and severe ath-
erosclerosis, hypertension, and smoking
(Fenoglio-Preiser et al. 2008). The mechanic
impairment of blood flow by the presence of
a volvulus or previous surgery is also listed as
a cause of gastric ischemia. Furthermore, sys-
temic alterations in circulation (such as shock
or trauma induced hypotension or hypoxemia)
eventually affect mesenteric blood flow.
Thrombus or even emboli from the aorta may
lodge in the arteries supplying the gastric wall
and cause ischemic damage. A recently
recognized cause of ischemic gastritis is the
embolization, to the vasculature of the stom-
ach, of radiologically placed beads used to
perform embolization of hepatic metastases.
This mandates the realization of an arteriogra-
phy prior to the procedure (Mitchell 2009).

The symptoms associated with gastric
ischemia are nonspecific. Nausea, vomiting,
weight loss, and upper gastrointestinal bleeding
are the most commonly reported clinical manifes-
tations (Haberer et al. 2003).

Clinical Features

• Incidence
Ischemic gastritis is very rare, accounting to
the rich gastric blood supply provided by
multiple anastomoses (Mitchell 2009).
The variability of incidence reflects the
multiplicity of causes and their own incidence.

• Age and Sex
Adults are the mainly affected age group. In one
study of 41 patients with upper gastrointestinal
ischemia, the mean age was 60 (17–86)
years, with a slight male predominance
(Van Noord et al. 2010).

• Treatment
The treatment options differ with the severity
of the lesions and the underlying cause.
Medical conservative treatment with proton
pump inhibitors and electrolyte therapy
can be used as first-line treatment
(Haberer et al. 2003). Chronic vascular
insufficiency can lead to gastroparesis that is
typically reversible if the blood flow is
re-established (Mitchell 2009). In large acute
necrotizing lesions with perforation or sepsis,
gastrectomy is warranted (Force et al. 1980).

• Outcome
The extent of the lesions and the reversibility of
the ischemia are the main factors that affect
prognosis. In transmural necrotizing lesions,
the mortality is very high (Mitchell 2009).

Macroscopy

Macroscopic findings (Fig. 1) vary, reflecting the
severity and duration of the ischemia. Initial
lesions demonstrate superficial erosions or ulcers.
In some cases, the stomach can be entirely
necrotic and exhibit perforation (Mitchell 2009).

Microscopy

The basic histological lesion is coagulative necro-
sis. In early lesions, however, the findings can be
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very scarce and nonspecific, with only superficial
epithelial necrosis and congestion of the mucosa
(Fig. 1). In more advanced lesions, there can be
mucosal necrosis with hemorrhage, erosions,
ulceration, and reactive changes of the remaining
superficial epithelium. Sometimes microthrombi
can be identified in the mucosal capillaries.
In chronic vascular insufficiency, there can be
a variable lamina propria fibrosis. In most truly
severe cases, there is transmural coagulative
necrosis. This finding is associated with a grim
prognosis (Fenoglio-Preiser et al. 2008).

Differential Diagnosis

In superficial, early lesions, the histological
findings in ischemic gastritis are nonspecific. In
these cases, a degree of clinical suspicion and
information can be very important to achieve
a diagnosis. Peptic ulcer disease can be very dif-
ficult to distinguish from ischemic gastritis, espe-
cially in small biopsy material. Sometimes the
presence of necrobiotic “withering” glands

and vessel microthrombi, associated, once more
to clinical and endoscopic correlation, can
be important in the differential diagnosis
(Van Noord et al. 2010).
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Ischemic Gastritis, Fig. 1 Ischemic gastritis.
Endoscopic view of ischemic gastritis (left photo) and
microscopic aspects (right photo), showing erosion/

ulceration of the epithelial lining and reactive aspects
of the epithelium. Lamina propria with prominent
inflammatory infiltrates and vascular congestion
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Definition

Juvenile polyps are hamartomatous polyps of the
gastrointestinal (GI) tract. As such, they are
composed of indigenous elements to the site
of origin, although arranged in a malformed
manner.

Juvenile polyps can appear as solitary sporadic
polyps of the colon or, less frequently, in the
context of a generalized polyposis syndrome,
juvenile polyposis (JP). The diagnostic criteria
established for juvenile polyposis are:

1. More than three to five juvenile polyps of the
colorectum

2. Juvenile polyps throughout the gastrointestinal
tract

3. Any number of juvenile polyps with a family
history of juvenile polyposis (Offerhaus and
Howe 2010)

JP can be clinically divided into three subtypes.
The rare juvenile polyposis of infancy is
a generalized polyposis syndrome usually
diagnosed before the age of 2. These infants suffer

from diarrhea, hemorrhage, malnutrition, and
intussusception. Death occurs at an early age,
and many of these patients have associated
congenital anomalies (Brosens et al. 2011).

The generalized juvenile polyposis and
juvenile polyposis coli seem to be a continuum
of the same disease. In the latter, as the name
implies, the polyps are confined to the colorectum.
These forms may be inherited in an autosomal
dominant manner or may be sporadic and are
characterized by the presence of juvenile polyps
and an increased risk of gastrointestinal cancer
(Brosens et al. 2011). The most frequent clinical
presentation is painless rectal bleeding
(Iacobuzio-Donahue 2012). Congenital birth
defects such as malrotation of the gut and cardiac
and genitourinary defects are reported in 15% of
JP patients (Hornick and Odze 2009), particularly
in the nonfamilial cases (Fenoglio-Preiser et al.
2008).

Symptoms such as telangiectasia, epistaxis,
and arteriovenous malformations, consistent with
Osler-Rendu-Weber syndrome have been
reported in individuals with JP syndrome, leading
to the hypothesis that some cases can be a part of
a combined syndrome of JPs – Osler-Rendu-
Weber (Fenoglio-Preiser et al. 2008; Gammon
et al. 2009).

Polyps similar to juvenile polyps can also be
part of the phosphatase and tensin homolog
[PTEN] hamartomatous tumor syndrome,
although associated with other manifestations
(Fenoglio-Preiser et al. 2008).
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Clinical Features

• Incidence
Juvenile polyps are the most common pediatric
GI polyps, accounting for 2% of the polyps in
this population. JP syndrome, however, is rare
(ten times less common than familial adeno-
matous polyposis) and the estimated incidence
is 1 per 100,000 births (Fenoglio-Preiser et al.
2008).

• Age
Patients with sporadic juvenile polyps usually
range from 1 to 10 years of age. Juvenile poly-
posis syndrome patients are usually older, with
a mean age at diagnosis of 9.5 years
(Iacobuzio-Donahue 2012) and clinical pre-
sentation in the first and second decades
(Fenoglio-Preiser et al. 2008).

• Sex
Solitary juvenile polyps occur with no sex
predilection. In the JP syndrome, there is
a slight male predominance (Iacobuzio-
Donahue 2012).

• Site
Solitary juvenile polyps occur exclusively in
the colorectum and predominantly (54%) in the
rectosigmoid colon (Hornick and Odze 2009).
In polyposis coli, the rectosigmoid area is also
the most affected, with as few as five to as
much as hundreds of polyps. In the context of
generalized polyposis, polyps can also occur in
the stomach (83%, particularly in the antrum
but also throughout the gastric mucosa in one
study), duodenum (33% in one study), jeju-
num, and ileum (Brosens et al. 2011). Rarely,
polyps are confined to a diffuse carpeting of the
gastric mucosa without colic involvement
(Brosens et al. 2011).

• Treatment
Solitary juvenile polyps can be resected with-
out further complications.

In the setting of juvenile polyposis, therapy
is dependent on the severity of the clinical
manifestations and pattern of polyp distribu-
tion, and management of these patients must
always include an appropriate surveillance
protocol in view of the increased risk of gas-
trointestinal malignancy.

Patients at risk or high suspicion of JP syn-
drome should have endoscopic surveillance,
initiating at 15 years of age or since the begin-
ning of symptoms. This screening should be
repeated annually (if any polyps are found) or
every 2–3 years (if no polyps are identified)
(Gammond et al. 2010). Every polyp should be
sent for pathologic examination to exclude
dysplasia or malignancy (Hornick and Odze
2009). If the polyp burden in the colon or
stomach cannot be managed with endoscopic
removal (usually >50–100 polyps) or in those
patients with severe gastrointestinal bleeding
or diarrhea, polyps with dysplasia or in patients
with a strong family history of colorectal can-
cer, surgery is indicated (colectomy, gastrec-
tomy, or small intestinal resection) (Brosens
et al. 2011; Gammond et al. 2010). Recurrence
of rectal polyps in patients with subtotal
colectomy is frequent (Brosens et al. 2011).

Given the rarity of JP of infancy, there are
no approved guidelines of management, being
supportive (transfusional, nutritional) mea-
sures the mainstay of therapy (Fenoglio-
Preiser et al. 2008; Gammond et al. 2010).

• Outcome
Sporadic solitary juvenile polyps have no
increased risk of malignancy (Hornick and
Odze 2009). In generalized juvenile polyposis
or juvenile polyposis coli, the primary outcome
is affected by the presence of malignancy.
A cancer risk analysis calculated a cumulative
life-time risk for colorectal cancer in JP syn-
drome of 39% and a relative risk of colorectal
cancer of 34 (Offerhaus and Howe 2010). In
one study, the mean age at cancer diagnosis
was 35.5 years, with a range of 4–60 years
(Fenoglio-Preiser et al. 2008). The majority
of carcinomas are diagnosed in the colon and
rectum, but cases in the stomach, duodenum,
and pancreas have been reported (Brosens et al.
2011). It is believed that carcinoma can arise
both from juvenile polyps with dysplasia and
from adenomatous polyps that can also be
encountered in juvenile polyposis (Fenoglio-
Preiser et al. 2008).

Cases of juvenile polyposis of infancy are
usually accompanied by very severe anemia
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and protein-losing enteropathy, and children
usually die before the age of 2 (Offerhaus and
Howe 2010).

Macroscopy

Juvenile polyps are usually small pedunculated
lesions with a smooth rounded shape and superfi-
cial ulceration. In juvenile polyposis, there are
frequently hundreds of polyps, but the mucosa
between them is usually spared (Fenoglio-Preiser
et al. 2008). In the stomach, polyps are less often
pedunculated and more commonly diffuse
(Offerhaus and Howe 2010) (Fig. 1). Larger

lesions are somewhat more lobulated due to
repeated ulceration. Cut surface frequently
exhibits variably sized mucin-filled cysts
(Fenoglio-Preiser et al. 2008).

Microscopy

Typical juvenile polyps consist of gastrointestinal
glands indigenous to the site of origin surrounded
by a prominent stroma (Fig. 1). The glandular
component is frequently branched, irregular, or
dilated, originating cysts containing mucus or
inflammatory cells. The stroma is edematous and

Juvenile Polyp, Upper Gastrointestinal Tract,
Fig. 1 Juvenile polyposis with prominent gastric involve-
ment. The gastric mucosa is carpeted with polypoid
lesions. Histologically, these polyps show branching and

dilation of the glandular component and prominent stromal
inflammation. This patient had similar findings in the colon
and a proven SMAD4 mutation
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very rich in inflammatory cells including plasma
cells, lymphocytes, and neutrophils. Smooth mus-
cle bundles are usually inconspicuous. The
smooth contour perceived macroscopically is
due to ulceration of the surface epithelium which
is usually prominent, forming a granulation tissue
cap (Fenoglio-Preiser et al. 2008). Atypical juve-
nile polyps, more commonly encountered in
a syndromic context, appear to have a more lobu-
lated, finger-like surface with prominent glandular
serration and irregularity and less cystic dilation
(Offerhaus and Howe 2010). Gastric juvenile
polyps are very similar to hyperplastic polyps
with prominent foveolar hyperplasia and an
inflammatory stroma (Fenoglio-Preiser et al.
2008). The important inflammatory background
of juvenile polyps confers, very commonly,
reactive changes to the epithelium. Dysplasia
however is found in approximately 46.7% of atyp-
ical juvenile polyps and 9% of typical polyps
(Fenoglio-Preiser et al. 2008). This diagnosis
implies the presence of the established criteria
for dysplasia such as nuclear enlargement, hyper-
chromasia, pseudostratification, and mitosis. Dys-
plasia is found more frequently in juvenile polyps
exceeding 1 cm in diameter (Iacobuzio-Donahue
2012).

Juvenile polyps containing metaplastic and
ganglioneuromatous components have been
described (Fenoglio-Preiser et al. 2008).

Molecular Features

A germ-line mutation in the SMAD4 or BMPRA1
gene is found in about 50–60% of juvenile poly-
posis syndrome (Brosens et al. 2011). Both of
these genes are involved in the TGF-b pathway.
SMAD4 is a protein that functions as the common
intercellular mediator of the TGF-b, bone mor-
phogenic protein (BMP), and activin signaling
pathways. BMPR1A is a transmembrane receptor
involved in the same pathways that in the end
regulates the transcription of various genes
(Fenoglio-Preiser et al. 2008). The absence of
known mutations in a large percentage of cases
has led to an investigation of other potentially
important genes, particularly those involved in

the TGF-b pathway, such as the TGF-b coreceptor
endoglin, which was reported to be mutated in two
cases (Offerhaus and Howe 2010). Patients with
SMAD4 mutations are more likely to have upper
gastrointestinal polyps and a family history
of juvenile polyps than those with BMPR1
mutations (Fenoglio-Preiser et al. 2008).

Differential Diagnosis

The main differential diagnosis of juvenile polyps
is with other hamartomatous polyps, namely,
Peutz-Jeghers (PJ) polyps and with inflammatory
pseudopolyps and hyperplastic polyps.

The presence of a prominent inflammatory
stroma and absence of smooth muscle bundles
may allow a differential diagnosis of juvenile
polyp with PJ polyps.

Although the differential diagnosis in a biopsy
specimen can be difficult, inflammatory pseudo-
polyps arise in an inflamed mucosa and usually, in
juvenile polyposis, the adjacent mucosa is spared
(Iacobuzio-Donahue 2012).

The distinction, in gastric lesions, between
hyperplastic and juvenile polyps is very difficult
and frequently not possible. A diagnosis of
juvenile polyposis can only be made with an
in-depth knowledge of clinical and endoscopic
findings (Fenoglio-Preiser et al. 2008).
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Synonyms

Combined JP/hereditary hemorrhagic tele-
ngiectasia (Osler-Weber-Rendu) syndrome;
Gastric JP; Generalized juvenile polyposis (JP);
JP coli

Definition

JP is an autosomal dominant hereditary syndrome
in which the affected individuals characteristically
have multiple juvenile polyps in one or more parts
of the GI tract: stomach, small bowel, or
colorectum. The patients have increased risk of
carcinomas of the stomach and small and large
bowel. The juvenile polyps in these patients have
the potential to transform to carcinoma.

The syndrome occurs in patients with no fam-
ily history in roughly half of the cases.

It has been proposed that an individual has JP if
at least one of the following criteria is met:

1. >3 or 5 juvenile polyps in the colorectum
2. Juvenile polyps present in throughout the GI

tract

3. Any number of juvenile polyps in an individ-
ual with positive family history

Clinical Features

• Incidence
The incidence is about 0.6–1/100,000 in west-
ern countries.

• Age
While the syndrome presents most commonly
in the first two decades, the outset can be at
infancy to geriatric ages.

• Sex
JP is considered not to show a sex predilection.

• Site
The most common and the classical case has
juvenile polyps in the colorectum. There are
fewer patients that bear polyps of the stomach
and less frequently the small bowel.

• Treatment
The mainstay of the management is prevention
and/or early diagnosis of dysplasia or carci-
noma. Options include endoscopic surveil-
lance or prophylactic surgery. Surgery is
performed if dysplasia is discovered in
a juvenile polyp or there are multiple individ-
uals with JP-related carcinomas in the
pedigree.

• Outcome
The prognosis is solidly related to the early
diagnosis of the syndrome and developing dys-
plasia, frequent follow-up endoscopy, and pro-
phylactic surgery. Once a malignant tumor is
developed, the prognosis will be that of the
similar malignancy in a sporadic case.

Patients that have extraintestinal conditions
(congenital anomalies of the heart, nervous
system, etc.) or hereditary hemorrhagic telan-
giectasia (Osler-Weber-Rendu syndrome) will
suffer from these in addition to the GI
neoplasia.

Macroscopy

By endoscopy or in a resection specimen, there can
be one to hundreds of juvenile polyps. Polyps can
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be sessile or pedunculated, with a size of several
centimeters. A classical juvenile polyp has
a sphere-like, roundish luminal aspect. The so-
called atypical juvenile polyps have more than
one lobe, i.e., they are multilobated. These polyps
are considered to be unique to the syndromic cases.

Microscopy

A juvenile polyp is generally an ulcerated polyp
with overlying active inflammation with budding
and cystically dilated glandular structures of vary-
ing size and shape. The lamina propria of the lesion
is edematous and heavily populated by amixture of
inflammatory cells, mainly neutrophil leukocytes,
especially at the top of the polyp (Fig. 1).

In most cases, there are signs of regenerative
activity (especially at the bottom of the glands) in
the epithelial cells which should not be confused
with dysplasia. It is not unusual to observe few,
cystic glandular elements that are mostly located
more deeply, close to the base of the polyp, due to
the overlying erosion and ulceration.

Sporadic juvenile polyps are commonly
encountered in the daily pathology practice. In
syndromic samples, around 20% of the polyps
tend to be larger and multilobated with more
crowded epithelial elements; these are termed
atypical juvenile polyps.

Dysplasia, when detected in a syndromic juve-
nile polyp, has features of well-known intestinal
adenomatous epithelium. The diagnosis should
rely on the abrupt appearance of the pseudo-
stratified pencil-like hyperchromatic cells, lack
of maturation (i.e., in contrast to the proliferative
regeneration at the basal aspect of the epithelial
lining, the presence and persistence of dysplastic
cells in the upper parts of the lesion), and possible
structural alterations such as cribriform, labyrin-
thine, anastomosing, or solid patterns of dysplas-
tic cells – high-grade dysplasia. It is imperative to
seek for and report these findings in the pathology
report as they would indicate a surgical resection.

Carcinoma can be seen as an ordinary adeno-
carcinoma with no evidence of a residual juvenile
polyp; still, in many patients the malignant tumor
can be observed to be originating from a juvenile

polyp. There does not seem to be a differing phe-
notype of a JP-related carcinoma than its sporadic
counterparts.

Immunophenotype

The juvenile polyps in syndromic patients do not
exhibit a specifying immunohistochemical pro-
file. Be that as is, it may be of interest to expect
distinct immunophenotypes by antibodies being
generated in the future, relying on the following
molecular features.

Molecular Features

The present data indicates that the molecular defect
lies in the TGFb/BMP pathway. Loss-of-function
germline mutations in SMAD4 or BMPR1A (com-
ponents of the TGFb/BMP pathway) are present in
about half of the patients. The defects are because
of point mutations or deletions. In the rest of the
cases, the molecular basis is elusive.

As there is a conjunction with hereditary hem-
orrhagic telangiectasia (Osler-Weber-Rendu syn-
drome) in some cases, it is not surprising the latter
syndrome is believed to be related to defects in the
TGFb/BMP pathway and SMAD genes.

Juvenile Polyposis Syndrome, Lower Gastrointesti-
nal Tract, Fig. 1 An ulcerated juvenile polyp with bud-
ding and cystically dilated glandular structures of varying
size and shape and an edematous land inflamed lamina
propria (H&E; �200)
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It has been proposed that disruption of BMP
signaling leads to a landscaper defect and crypts
start to bud off or they grow perpendicular to the
crypt-villus axis.

Differential Diagnosis

The distinction of a juvenile polyp from an inflam-
matory polyp or an inflamed hyperplastic polyp
may be problematic. When in a patient with mul-
tiple GI polyps the pathologist is left with just one
excised polyp, he/she should consider the clinical,
endoscopic, and, if present, molecular findings. If
these are not provided, for a hamartomatous-
looking polyp, the pathologist may not safely
give a diagnosis of a juvenile polyp. Still, there
are ancillary considerations as follows.

A hyperplastic polyp virtually always – even
irritated and/or ulcerated – bears a resemblance to
the basic colorectal organization of the cryptic and
stromal elements. That is, in a hyperplastic polyp,
there is an expansion of the already-present epi-
thelial and stromal components, a proliferation of
the crypts: their “hyperplasia.” The most expect-
able confusion would be between an inflamed
goblet cell or microvesicular-type hyperplastic
polyp and a juvenile polyp. The only clue to
make a distinction between these two might be
in that juvenile polyps do not show any organized
dispersion of glandular structures. Juvenile polyps
oftentimes contain a very exaggerated amount of
inflammation and few residual glandular struc-
tures leading the microscopist to the contempla-
tion that the active inflammation and surface
ulceration had been causing a loss of the epithelial
elements and their subsequent attempt at renewal.
In addition, juvenile polyps have a greater incli-
nation to have stalks, which is generally not valid
for hyperplastic polyps, in that they are mostly
sessile.

Inflammatory polyps are lesions deriving from
the excessive regenerative activity of the GI
mucosa. While they can be sporadic, they are
most frequently associated with a chronic injuri-
ous condition of the GI wall, such as inflammatory
bowel disease, ischemic states, persistent
enteroinvasive infections, etc. The main response

of the GI tract to injury is regeneration, not scar-
ring or fibrosis. These taken into account, any
etiology can cause an inflammatory polyp. These
lesions can be very large so as to be called “giant”
inflammatory polyps. Their microscopic features
include an inflamed and edematous stroma, pro-
liferating cryptic elements with distorted shapes,
and frequently ulcerated luminal sides. These are
the reasons why they are the number one lesion to
be confused with juvenile polyps. The pathologist
should question the presence of inflammatory
bowel disease, chronic ischemic enterocolitis,
drug use – especially NSAIDs – and any other
known insult to the GI tract.

Juvenile polyps, by their morphology, gener-
ally are not prone to be confused with Peutz-
Jeghers polyps, which have much more crowded
glandular elements and a classically described
tree-like smooth muscle proliferation in between
the glands. Peutz-Jeghers polyps also may be
sporadic, but in the syndromic samples, the
polyps – especially in the stomach – can look
much like a nonspecific hamartomatous polyp
and, not unexpectedly, a juvenile polyp. The
same is also true with Cowden’s, Bannayan-
Riley-Ruvalcaba, and Cronkhite-Canada syn-
dromes, in which a given polyp may be
indistinguishable from a juvenile polyp. As a rule
of the thumb, in a patient with a proven hamar-
tomatous polyposis syndrome, any hamartomatous
polyp is to be diagnosed as a manifestation belong-
ing to the relevant syndrome. In cases with no
proven syndromes, the pathological diagnosis
should convey to the clinicians that the present
polyp is a hamartomatous polyp which can be pre-
sent in many hamartomatous polyposis syndromes,
and, if required, necessary investigations be pur-
sued. With these in mind, the pathologist should
be aware that a hamartomatous polyp cannot, some-
times, precisely be categorized or grouped to
a specific syndromic entity.

As there can be a combination of JP and hered-
itary hemorrhagic telangiectasia (Osler-Weber-
Rendu syndrome), in a given patient with ectatic,
abnormally located vascular structures in GI
resection specimen, the pathologist must keep in
mind that the patient might also have JP or vice
versa.
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Lewy Bodies, Achalasia
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Synonyms

Achalasia cardiae; Cardiospasm; Esophageal
achalasia; Esophageal aperistalsis; Megaesophagus

Definition

Achalasia is an esophageal motility disorder
involving the smooth muscle layer of the
esophagus and the lower esophageal
sphincter (LES).

Though the disease was first described more
than 300 years ago (Willis 1674), its exact patho-
genesis still remains poorly understood.
Pathophysiologically, achalasia is caused by loss
of inhibitory ganglion in the myenteric plexus of
the esophagus. In the initial stage, degeneration of
inhibitory nerves in the esophagus results in
unopposed action of excitatory neurotransmitters,
such as acetylcholine, resulting in high amplitude
non-peristaltic contractions (vigorous achalasia).
Progressive loss of cholinergic neurons over the
time results in dilation and low-amplitude simul-
taneous contractions in the esophageal body (clas-
sical achalasia).

The most common form of achalasia is
primary, which has no underlying cause. Since
the initial description, several studies have
attempted to explore initialing agents that may
cause the disease, such as viral infection (mea-
sles virus, herpes zoster virus, herpes virus),
other environmental factors, autoimmunity, and
genetic factors. A small proportion of cases
occur secondarily to other conditions, such as
Chagas disease and esophageal cancer. Both
lead to destruction of myenteric plexus, but
available evidence suggests that infection may
not be an independent cause of primary achala-
sia. A genetic basis for achalasia is supported by
reports showing occurrence of the disease in
monozygotic siblings and other first-degree
relatives and occurrence in association with
other genetic diseases such as Down’s syndrome
and Parkinson’s disease.

As a fact, one of the primary pathological
observations in achalasia was simply loss of
ganglion cells. New insights into the mechanism
(s) underlying the disorder were given by
Qualman et al. (1984) who reported the presence
of Lewy bodies in degenerating ganglion cells.

Lewy bodies were first described by Frederic
Lewy, in 1912, in the brains of patients with
“paralysis agitans,” commonly known as
Parkinson’s disease.

Nowadays, Lewy bodies are abnormal
aggregates of protein that develop inside nerve
cells, not only in Parkinson’s disease but also in
Lewy body dementia and some other disorders
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(aging brain, senile dementia, Parkinsonism-
dementia complex, Alzheimer’s disease,
Hallervorden-Spatz syndrome, striatonigral
degeneration supranuclear palsy).

They consist of a heterogeneous mixture of
more than 90 molecules, including Parkinson’s
disease-linked gene products (alpha-synuclein,
DJ-1, LRRK2, parkin, and PINK-1), mitochon-
dria-related proteins, and molecules implicated in
the ubiquitin-proteasome system, autophagy, and
aggresome formation.

They represent an alteration in neuronal
cytoskeleton structure and are identified under the
microscope as spherical eosinophilic cytoplasmic
inclusion that displaces other cell components.
They are found on the brain and may also be seen
in the peripheral nervous system myenteric plexus
of the upper and lower intestinal tract in achalasia
and Parkinson’s disease.

Parkinson’s disease and achalasia share many
common features neurologically. Both have Lewy
bodies in the esophageal myenteric plexuses and
the substantia nigra, in addition to evidence of
degeneration of the dorsal motor nucleus of the
vagus. The esophageal features radiologically and
manometrically are also similar.

Because its major component is alpha-synuclein,
Lewy bodies can be detected by immunocytochem-
istry. The presence of this protein is the hallmark of
neurodegenerative diseases, now known as
synucleinopathies.

For a practical point of view, at the present
moment, the identification of Lewy bodies on
a biopsy during myotomy for megaesophagus
may identicate a relative early degenerative
phase of achalasia, prior to massive ganglion
loss, or coincidental (or presymptomatic)
Parkinson’s disease (or other age-related
neurofibrillary degenerations).

Lewy bodies formation has been considered to
be a marker of neuronal degeneration because
neuronal loss is found in the predilection sites
for Lewy bodies. However, recent studies
(Wakabayashi et al. 2013) have indicated that
non-fibrillar alpha-synuclein is cytotoxic and
that fibrillar aggregates of alpha-synuclein
may represent a cytoprotective mechanism in
Parkinson’s disease.

Considerable work is being developed, in the
last few years, to understand alpha-synuclein
secretion, its function, and its correlation to cell
dysfunction and death, which may open new ther-
apeutic strategies.

Clinical Features

Achalasia is characterized by progressive dyspha-
gia and regurgitation. Diagnosis is reached with
esophageal manometry and barium swallow
radiographic studies. Manometry shows
aperistalsis, partial or incomplete relaxation of
LES, and increased basal tone of LES. Barium
swallow radiography reveals dilation of esopha-
gus with a narrowed segment at the end of the
esophagus.

• Incidence
Achalasia affects about one person in 100,000
per year.

• Age
Achalasia affects mainly adults, between 20s
and 60s, but may appear in infancy and
childhood (fewer than 5% of cases).

• Sex
No sex predilection (male-to-female ratio: 1/1).

• Site
Esophagus.

• Treatment
There is no cure for this condition. Symptoms
can usually be controlled with treatment. Drugs
such as calcium channel blockers and nitrates
may be useful for some time. Botulinum toxin
(Botox) injections in LES have temporary
effect. More permanent relief can be achieved
by esophageal dilatation and surgical cleaving
of the muscle (Heller myotomy).

• Outcome
Even with successful treatment, dysphagia my
still deteriorate over the time. Annual checkup
and repeating treatments may be needed.
Gastroesophageal reflux, peptic ulceration,
fibrous stricture, and Barrett’s esophagus may
associate. The most serious complications of
achalasia are the hazard of development of
aspiration pneumonia of undigested food and
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esophageal carcinoma (2–7% of cases), usu-
ally at a younger age than individuals without
the disease, and of squamous cell type.

Macroscopy

Esophagus is dilated above the level of lower
sphincter. Its wall may be of normal thickness,
thicker than normal owing to hypertrophy of
muscularis, or thinned out by dilation.

Microscopy

Histological examinations of the esophageal wall
in achalasia reveal decreased numbers of neurons
in the myenteric plexuses. The ganglion cells that
remain often are surrounded by lymphocytes and
eosinophils. T-cell inflammatory infiltrate of
myenteric plexus with fibrosis is inversely
correlated with the number of preserved ganglia.
Eosinophils are found in the muscularis propria
(not in the epithelium, as in eosinophilic
esophagitis) (Fig. 1).

Lewy bodies can be seen in neurons of the
myenteric plexus, in some achalasia patients at
an early degenerative phase of the disease.
They are identified as spherical eosinophilic
cytoplasmic inclusion that displaces other cell
components. They can be single or multiple,
within a neuron, and their size may vary (Fig. 2).

Immunophenotype

Lewy bodies are identified by alpha-synuclein
immunocytochemistry (its major component). Due
to their heterogeneity, other proteins studied by
immunocytochemistry (like ubiquitin, tyrosine
hydroxylase, neurofilaments, tau) can reveal them.

Molecular Features

A mutation in the alpha-synuclein gene on
chromosome 4 can be found in a few families
with an autosomal dominant form of Parkinson’s
disease. Polymorphisms in genes encoding for
nitric oxide synthase, receptors for vasoactive
intestinal peptide, interleukin 23, and the
ALADIN gene have been reported.

Differential Diagnosis

It does not apply.
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Lymphocytic Colitis

Arzu Ensari
Department of Pathology, Ankara University
Medical School, Sihhiye, Ankara, Turkey

Synonyms

Microscopic colitis; Microscopic colitis with
intraepithelial lymphocytosis

Definition

Lymphocytic colitis (LC) is characterized by
a diffuse increase of intraepithelial lymphocytes
(IELs) (>20 IELs per 100 epithelial cells) in the
surface epithelium accompanied by an increase of
lamina propria inflammatory cells. By definition,
no subepithelial collagen deposition should be

present. The diagnosis of LC should be made in
conjunction with clinical, endoscopic, and histo-
logical findings. Patients typically present with
chronic watery diarrhea with normal or near-
normal endoscopy.

Clinical Features

• Incidence
The incidence of LC is approximately 3.1 in
100,000.

• Age
It is common in middle-aged to older adults
with a mean age of 51 years.

• Sex
Female predominance is less in LC with nearly
equal sex distribution.

• Site
There are reports that suggest nonuniform
colonic involvement, with less inflammation
in the left colon compared with the right colon.

• Treatment
Most patients respond to symptomatic or anti-
inflammatory therapy.

• Outcome
In some patients spontaneous recovery can be
seen, while others may require 5-ASA com-
pounds or immunosuppressants. The overall
prognosis is good.

Macroscopy

The endoscopy is normal in the majority of
patients. A few may show erosions or superficial
ulcers.

Microscopy

The histological triad of increased IELs, surface
epithelial injury, and increased lamina propria
cellularity is characteristic of lymphocytic colitis
(Figs. 1 and 2). The required number of
intraepithelial lymphocytes varies between 10
and 20 per 100 surface epithelial cells (normal
number = 4–10). The number can vary among
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biopsy samples between 10 and 65 (median 30).
A second component is surface epithelial injury,
which consists of a loss of the normal columnar
shape, mucin depletion, and a flat or syncytial
appearance of the surface epithelium. The crypt
epithelium shows nuclear enlargement and
a slight increase in mitotic activity. The lamina
propria shows increased cellularity, due primarily
to increased plasma cells with a fewer number of
lymphocytes, eosinophils, and rarely neutrophils.
Several variants or atypical forms of LC have
been described. The clinical presentation is usu-
ally similar to the classic form of LC but the
histology is different.

Cryptal Lymphocytic Colitis
Rubio and Lindholm (49) recently reported
a series of patients with symptoms similar to
those of LC and increased IEL count, not in the
surface epithelium, but within the cryptal epithe-
lium. Therefore, the authors proposed the name
“cryptal lymphocytic colitis,” in distinction to
classic “surface” lymphocytic colitis. The mean
number of IELs was 46/100 cryptal epithelial
cells. In contrast, the mean number recorded in
the surface columnar cells was 7 IELs/100 surface
epithelial cells. Immunohistochemistry revealed
a similar (CD3+ CD8+) phenotype as seen in
classic LC. Special stains revealed a normal base-
ment membrane underneath the surface epithe-
lium. Similar to the classic form, all patients
with cryptal lymphocytic colitis had long periods
of watery diarrhea of unknown etiology. At
endoscopy the colon showed either normal or
mild patchy changes such as erythema. There
was no indication that these patients suffered
from celiac disease or from chronic inflammatory
bowel disease, infectious colitis, or parasitic
colitis.

Paucicellular Lymphocytic Colitis
The distinctive histologic features that separate
paucicellular LC from classic LC are its patchiness
and a lower density of surface IELs such that the
morphologic criteria of classic LC are not fulfilled.
Goldstein and Bhanot (51) recently reported 19
such cases. Colonic biopsies showed foci of mildly
increased lamina propria lymphoplasmacytic
inflammation and increased surface intraepithelial
lymphocytes separated by foci or tissue fragments
of normal mucosa. The mean surface IEL counts
were 11.1 per 100 epithelial cells for paucicellular
lymphocytic colitis and 29.3 IELs per 100
enterocytes for classic lymphocytic colitis. Clini-
cal features of the paucicellular lymphocytic coli-
tis, including endoscopy, are similar to those seen
in classic LC. Therefore the authors suggested that
paucicellular lymphocytic colitis should be con-
sidered as part of the morphologic spectrum of
lymphocytic colitis. Some authors regard this con-
dition as “colonic epithelial lymphocytosis” or
“microscopic colitis, not otherwise specified
(NOS).”

Lymphocytic Colitis, Fig. 1 Colonic mucosa with
increased IELs and lamina propria inflammatory cells
(H&E; �100)

Lymphocytic Colitis, Fig. 2 Surface epithelial flattening
and increased IELs (H&E; �200)
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Immunophenotype

Immunohistochemical analysis shows that
the increased IELs retain the normal
CD3/CD8-positive T cell phenotype. The
predominant cell type in the lamina propria is
the CD4-positive T helper cell.

Molecular Features

There is no known molecular feature attributed
to LC.

Differential Diagnosis

The differential diagnosis of LC includes fewer
entities compared to CC. Among these, infectious
colitis, the resolving phase in particular, chronic
constipation, Crohn’s colitis, drugs such as omep-
razole, normal mucosa overlying a lymphoid fol-
licle, and celiac disease may all cause
histopathologic features resembling LC.
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Lymphocytic Esophagitis
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Definition

Lymphocytic esophagitis (LE) is defined as
a histologic phenotype of esophagitis, which is
characterized by an excess of intraepithelial lym-
phocytes (IELs) in the peripapillary fields, with
spongiosis and no or only rare intraepithelial
granulocytes. The patients present with chronic
dysphagia, odynophagia, and motility disorders.

There have been conflicting studies on the true
existence of lymphocytic esophagitis, a condition
first described by Rubio et al. in 2006.
Controversy still exists over whether LE is a true
pathologic entity with a corresponding specific
clinical correlate or whether LE is merely
a nonspecific histologic finding, eventually
representing an extreme in the spectrum of
gastroesophageal reflux disease or an involve-
ment in other inflammatory conditions
(e.g., Crohn’s disease, celiac disease). In fact, in
some cases of histologic diagnosis of LE, there is
an associated Crohn’s disease, and this seems to
be is a relatively common finding particularly in
the pediatric patients with CD. However,
only one-fifth of these patients present with
gastroesophageal reflux disease, as opposed to
almost half of those with normal esophagus or
other types of esophagitis. The prevalence of
other possibly relevant concurrent pathological
changes in other parts of the gastrointestinal tract
was also studied. Helicobacter pylori infection has
similar prevalence in patients with lymphocytic
esophagitis who have simultaneous gastric
biopsies and in patients with a normal esophageal
mucosa. In contrast, the prevalence of Helicobacter
pylori is significantly lower in patients with esoph-
ageal eosinophilia. There is no association with
lymphocytic gastritis, but celiac sprue was
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diagnosed in 2 of 39 patients with lymphocytic
esophagitis who also had duodenal biopsies
(7.7%), in contrast to 1.1% in patients with normal
esophagus and 1%.

The true causes for this apparently site-related
chronic mucosal inflammation remain elusive.
Some authors suggest this is because there
are multiple etiologies, with IELs and spongiosis
in the squamous epithelium of the esophagus
representing nonspecific findings and a
response to a variety of pathogenic stimuli, similar
to the intraepidermal lymphocytes and spongiosis
seen in spongiotic dermatitis of the skin. Although
many patients described with LE had some
type of allergy, no association was found in the
literature between LE, seasonal allergies,
asthma, or celiac disease. The possibility exists
that some patients have unrecognized food
allergies. LE could also be due to a nonallergic
reaction to an ingested substance, such as a
drug, causing topical injury to the esophageal
mucosa.

In conclusion, no definite clinical associations
have been detected in adults. As most published
results are based on retrospective chart review,
there may be important clinical information
omitted that would only be apprehended with
prospective and larger studies.

Clinical Features

• Incidence
There is scant demographic data and the world-
wide exact incidence of lymphocytic esopha-
gitis is not known. Lymphocytic esophagitis is
nevertheless a rare condition, reported with an
incidence of 0.1%, in a large series of esopha-
geal biopsies from a large gastrointestinal
pathology practice covering 43 states in the
USA (Haque and Genta 2012). However, LE
seems to increase in its incidence (Cohen et al.
2012).

• Age
There is wide age distribution in the published
cases of LE and control cases (2–81 years in
one series, with mean ages of 44 years (Purdy
et al. 2008)).

• Sex
Lymphocytic esophagitis seems to have
a slight predilection for the female gender in
the adult population.

• Site
In the majority of published series, there is no
reference to the exact location of the affected
segment of the esophagus. In one series,
biopsy specimens from LE cases were from
the proximal (3/22 [14%]), mid (6/22 [27%]),
and distal (16/22 [73%]) esophagus (Purdy
et al. 2008).

• Treatment
Being a condition where the true causes for
this lymphocytic mucosal inflammation
remains obscure, there is no specific strategy
for treatment of LE. Corticosteroids have
been noted to be beneficial in other gastroin-
testinal lymphocytic or autoimmune phenom-
enon, rendering a course of a topical
corticosteroid agent (e.g., fluticasone) proba-
bly appropriate. Swallowed fluticasone in par-
ticular has been found to induce histological
remission in closely related esophageal
autoimmune conditions like eosinophilic
esophagitis.

• Outcome
LE seems to have a benign natural history, with
most patients reporting an improvement in
symptoms and satisfaction with their health-
related quality of life (Cohen et al. 2012). Pro-
spective studies are needed to better character-
ize the natural history and potential treatments
for this clinical entity.

Macroscopy

Endoscopic examination of the esophagus reveals
signs of esophagitis in about half the cases. Some
reports describe endoscopic features similar to
those seen in eosinophilic esophagitis, i.e., rings
(Fig. 1), mucosal fragility, mucosal splitting,
and even perforation. In fact, an endoscopic
impression of eosinophilic esophagitis is reported
in one-third of the patients. An impression of
esophageal motility disorder was noted in some
patients.
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Microscopy

Lymphocytic esophagitis is a histologic
phenotype of esophagitis defined histopathologi-
cally as the presence of a dense lymphocytic infil-
trates in the peripapillary esophageal squamous
mucosa and marked spongiosis, in the absence
of significant numbers of neutrophils or eosino-
phils. Lymphocytic infiltrates seem to be patchy:
while in nonaffected areas often only scattered
lymphocytes can be found, the counts can easily
exceed 50 and even 100 in the affected peri-
papillary zones. There is a significant difference
between the number of IELs in peripapillary and
interpapillary fields.

Biopsies also show usually marked edema of
the intercellular spaces of the squamous
epithelium in the esophageal squamous mucosa
(“spongiosis”). In fact, the peripapillary location
of lymphocytes and association with
spongiosis are more important and reliable criteria
than the exact number. Spongiosis is a nonspecific
inflammatory response that may also occur in
patients with gastroesophageal reflux and
eosinophilic esophagitis; however, in neither of
these two conditions does the intensity of the
inflammatory response approach that found in
association with peripapillary lymphocytic infil-
trate (Fig. 2).

Immunophenotype

The immunostains show presence of CD3 and CD8
lymphocytes (Tcellmarkers) in the epithelium,with-
out significant amounts of lymphocytes expressing
B cell markers (i.e., CD 20, CD79) (Figs. 3–5).

Molecular Features

There are no molecular anomalies associated with
lymphocytic esophagitis.

Lymphocytic Esophagitis, Fig. 1 Endoscopy showing
rings throughout the length of the esophagus; these are
common in lymphocytic esophagitis (Courtesy of Dr.
Pedro Pinto Marques)

Lymphocytic Esophagitis, Fig. 2 Low power H&E
stain demonstrates esophageal mucosa showing peri-
papillary intraepithelial lymphocytosis with basal zone
hyperplasia and intercellular edema. No significant popu-
lation of eosinophils or neutrophils is identified

Lymphocytic Esophagitis, Fig. 3 Low power CD3
immunostain showing squamous epithelium of the esoph-
agus infiltrated by high numbers of CD3+ intraepithelial
lymphocytes
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Differential Diagnosis

Endoscopically, lymphocytic esophagitis can be
mimicked by reflux esophagitis or eosinophilic
esophagitis.

On histology, drug-induced esophagitis has to
be ruled out, as well as involvement of the
esophagus with lichen planus and other
dermatologic conditions, Crohn’s disease, and
lymphoma. In order to exclude the possibility of
other underlying gastrointestinal disorder,
esophageal, gastric, and duodenal biopsies as
well as scrutiny of the past medical history are
recommended, as lymphocytic esophagitis is
a diagnosis of exclusion.
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Lymphocytic Gastritis

Helena Baldaia
Serviço de Anatomia Patológica, Centro
Hospitalar de São João, Porto, Portugal

Synonyms

Varioliform gastritis

Definition

Lymphocytic gastritis is a pathological reaction
pattern common to a variety of entities (Lash
et al. 2009). It is characterized by an intense
lymphocytic infiltrate in the gastric mucosa
with permeation of the foveolar epithelium. It is
mainly associated with celiac disease and
H. pylori infection but it also complicates Crohn’s
disease, HIV infection, Menétrier disease, hyper-
sensitivity reactions, autologous hematopoietic
cell transplantation, lymphoma, and esophageal
carcinoma (Fenoglio-Preiser et al. 2008).

The etiology is still unknown. The strong
association with celiac disease and the fact that

Lymphocytic Esophagitis, Fig. 4 Medium power CD8
immunostain. Numerous intraepithelial CD8+ lympho-
cytes can be identified

Lymphocytic Esophagitis, Fig. 5 High power CD8
immunostain showing intraepithelial lymphocytes around
peripapillary fields
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the intraepithelial lymphocytes are CD8+ T cells
have raised the hypothesis of an allergic or
autoimmune pathogenesis (Lash et al. 2009).

The most common symptoms are weight
loss and anorexia (Lash et al. 2009).

Clinical Features

• Incidence
It is seen in 1–4% of patients who undergo
upper endoscopy (Lash et al. 2009).

• Age
The most frequently affected individuals are
middle-aged and elderly (Fenoglio-Preiser
et al. 2008).

• Sex
There is a male predominance (Lash
et al. 2009).

• Site
The site of involvement depends mainly on
the disease association. In H. pylori infection,
the infiltrate is more prominent in the
corpus; in celiac disease, the lesions are more
striking in the antrum (Fenoglio-Preiser et al.
2008).

• Treatment
Currently, there is not a specific therapy
available. Proton pump inhibitors are some-
times used and H. pylori eradication is
indicated when the infection is encountered
(Lash et al. 2009).

• Outcome
Although very few cases of spontaneous
regression have been reported, the
course of the disease is usually chronic (Lash
et al. 2009).

Lymphocytic Gastritis, Fig. 1 Lymphocytic gastritis. Prominent intraepithelial lymphocytosis
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Macroscopy

Endoscopically, the gastric mucosa frequently
presents with nodular elevations with central
umbilications covered with mucus which are
responsible for the name varioliform gastritis
first attributed to this condition (Lash et al.
2009). Also, there can be thickening of the
gastric folds, multiple erosions, or ulcers. The
mucosa can appear endoscopically normal
(Fenoglio-Preiser et al. 2008).

Microscopy

In lymphocytic gastritis (Fig. 1), there is epithelial
lymphocytosis with at least 25 lymphocytes per
100 epithelial cells. The mucosal changes vary
greatly in severity and are frequently patchy.
There can be an inflammatory infiltrate in the
lamina propria composed of lymphocytes, plasma
cells, eosinophils, and mast cells. Neutrophilic
infiltrate is usually scarce but can be moderate
with erosions or ulcers (Fenoglio-Preiser et al.
2008).

Other histological findings are foveolar hyper-
plasia, degenerative changes of the epithelium,
and increased mitoses. The degree of these
associated changes depends on the underlying
cause of lymphocytic gastritis. In celiac
disease, the degree of gastric intraepithelial lym-
phocytosis correlates with the histological sever-
ity of the intestinal disease (Fenoglio-Preiser et al.
2008).

Immunophenotype

Intraepithelial lymphocytes in lymphocytic gastri-
tis are CD8+ T cells (Lash et al. 2009).

Differential Diagnosis

The differential diagnosis with MALT (mucosa-
associated lymphoid tissue) lymphoma is based
on the morphology of the lymphocytes (in lym-
phocytic gastritis, there is no cytologic atypia), on

the immunophenotype of the cells (B cells versus
T cells), and on the degree of infiltration of the
lamina propria which is more diffuse in lym-
phoma (Fenoglio-Preiser et al. 2008).

In typical H. pylori gastritis, the intraepithelial
lymphocytosis is much less pronounced
(Carmack et al. 2009).
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Lymphoepithelioma-Like Carcinoma

Helena Baldaia
Serviço de Anatomia Patológica, Centro
Hospitalar de São João, Porto, Portugal

Synonyms

Gastric carcinoma with a lymphoid stroma;
Lymphoepithelial-like carcinomas; Medullary
carcinoma with lymphocytic infiltration;
Undifferentiated carcinoma with lymphoid
stroma

Definition

Lymphoepithelioma-like carcinoma (LELC) is an
undifferentiated carcinoma with prominent lym-
phoid stroma (Glickman and Odze 2009), which
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is similar to nasopharyngeal carcinomas. This
type of tumor has been described in a number of
extragastrointestinal sites, such as thyroid or
breast, and also along the gastrointestinal
tract (Delaney and Chetty 2012). In the latter,
the most commonly reported site is the
stomach, but cases arising in the esophagus and
colon have been described (Delaney and Chetty
2012). Rarely, this type of tumor has been
reported in the liver and biliary tree (Ishida et al.
2011).

LELC has been classically associated with
Epstein-Barr virus (EBV) infection. In the stom-
ach, more than 80% of cases have evidence of
EBV infection, while in esophageal LELC, in
one study, only 3% were positive for EBV by in
situ hybridization or immunohistochemistry
(Glickman and Odze 2009). In the biliary tree,
evidence of EBV infection has been reported in
some studies but not in others. EBV is a gamma-
herpes virus with known oncogenic properties.
The carcinogenic mechanism in LELC is
unknown, but one study focusing in gastric
LELC suggests that global CpG island methyla-
tion of promoter region of many associated cancer
genes and abnormalities in signal transduction
mediated by LMP2A as putative oncogenic EBV
associated mechanisms in these tumors
(Fukayama and Ushiku 2011).

In colorectal LELC, EBV association is
obscure, with positivity frequently reported in
stromal lymphocytes but weak or absent in epi-
thelial cells. In one case of LELC of the colon, the
patient had ulcerative colitis (Kojima et al. 2007).
In one study, the tumor cells showed loss of
expression of MLH-1 and PMS-2, thereby mak-
ing it an MSI (microsatellite instability)-high
LELC (Delaney and Chetty 2012). The authors
suggest that LELC in the GI tract outside of the
stomach is different in that it does not have the
strong association with EBV like gastric cases,
and may in fact be more strongly associated with
MSI (Delaney and Chetty 2012).

The mechanism for the abundant lymphocytic
infiltrate in LELC remains unclear. The lymphoid
reaction could be a direct response either to the
virus or virally induced antigens expressed by the
neoplastic cells. In cases associated with a MSI-

high profile, some have proposed that the inflam-
matory infiltrate represents an effective host
response against the tumor cells (Delaney and
Chetty 2012).

Clinical Features

• Incidence
Lymphoepithelioma-like carcinoma of the GI
tract is rare. In the stomach, it represents
approximately 8% of all gastric carcinomas
(Lauwers 2009). In the esophagus, less than
20 cases have been reported (Nakasono et al.
2007). In the colorectum, six cases have been
reported so far (Delaney and Chetty 2012). In
the liver and biliary tree, less than 20 cases
have been described (Ishida et al. 2011). The
majority of cases have been reported in Orien-
tal countries, which are known endemic areas
of EBV infection (Lee 2011).

• Age
These tumors occur more commonly in the
sixth decade. The mean age at diagnosis of
gastric LELC was, in one study, 61.5 years
(range 51–75) (Wang et al. 1999). In the esoph-
agus, in the reported cases, age ranged from 54
to 79 years (mean 63.1) (Nakasono et al. 2007).
One study reported LELC of the colon in a 25-
year-old patient with ulcerative colitis (Kojima
et al. 2007). The remaining colorectal LELCs
were diagnosed in an age range 44–85 years.
The age range of the reported cases of LELC of
the biliary tract was 19–79 years.

• Sex
There seems to be a male predominance, par-
ticularly in gastric and esophageal
lymphoepithelioma-like carcinomas (Lauwers
2009; Nakasono et al. 2007).

• Site
As already mentioned, GI lymphoepithelioma-
like carcinomas have been described with var-
iable incidences in the stomach, esophagus,
and colon. Liver and biliary tract carcinomas
have also been reported. In the stomach, LELC
more commonly involves the proximal seg-
ments (gastric cardia/body) and is also
frequently diagnosed in post-gastrectomy
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remnants (Lauwers 2009; Fukayama and
Ushiku 2011).

In the biliary tree, LELC is more commonly
diagnosed in intrahepatic location (Ishida et al.
2011).

• Treatment
Most of the cases described in the literature
were surgically removed with variable adju-
vant therapy. In the stomach, LELCs associ-
ated with EBV infection frequently display
PD-L1 overexpression and are putative candi-
dates for targeted therapy directed to the
immune checkpoint (PD1/PD-L1).

• Outcome
Although this is controversial, the prognosis of
LELC is considered somewhat favorable. Sur-
vival rates close to 77% after 5 years have been
reported in gastric LELC (Lauwers 2009).
Esophageal LELC also seems to represent
a relatively good prognosis (Nakasono et al.
2007). Local immune reaction may play an
important role in suppression of tumor growth
(Nakasono et al. 2007). The presence or
absence of EBV has no prognostic significance
in LELC of various organs (Ishida et al. 2011).
The reduced number of cases of colorectal
and hepatobiliary LELC carcinomas reported
makes a prognosis assessment difficult.

Macroscopy

Lymphoepithelioma-like carcinomas usually
appear as submucosal tumors, covered with normal
appearing mucosa, frequently with central erosions
or ulceration (Nakasono et al. 2007). In gastric
LELC, there is also a degree of gastric wall thick-
ening (Fukayama and Ushiku 2011). In colic
LELC, polypoid tumors have been described
(Kojima et al. 2007). Biliary tumors can appear as
intrahepatic non-encapsulated well-circumscribed
nodules with pushing borders (Lee 2011).

Microscopy

The characteristic histological appearance of
lymphoepithelioma-like carcinoma is of irregular

sheets, or syncytia, of polygon-shaped cells
embedded within a prominent lymphocytic infil-
trate, with occasional lymphoid follicles (Fig. 1).
Plasma cells and even giant cells can be part of the
infiltrate (Lauwers 2009). Granulomas have been
occasionally reported (Tamura et al. 2010). Epi-
thelial cells have eosinophilic cytoplasm, large
vesicular nuclei, irregular nuclear profiles, and
prominent nucleoli (Delaney and Chetty 2012).
Unlike carcinomas of other organ sites, the major-
ity of lymphoepithelioma-like cholangio-
carcinomas are composed of two different
components – an adenocarcinoma and
a lymphoepithelioma-like carcinoma (Lee 2011).

Immunophenotype

Tumor cells stain with cytokeratin cocktails such as
CAM5.2 and AE1/AE3. EMA staining has also
been reported (Tamura et al. 2010; Nakasono
et al. 2007). One colic tumor stained with
cytokeratin and EMA, but the tumor cells were
negative for CK7, CK20 and CDX-2 (Delaney
and Chetty 2012).

Biliary neoplastic cells stain focally with CK7and
CK19, and the rare hepatocellular tumors stain at
least focally with HepPar-1 (Ishida et al. 2011).

The lymphocytic stroma is mainly composed
of T lymphocytes (CD3 positive), usually
CD8-positive. Also some CD4-positive T-cells
and CD20-positive B lymphocytes are present
and, sometimes, CD138-positive plasma cells
can also be encountered (Lauwers 2009).

Immunohistochemical staining of tumor
cells for EBV can also be performed, and
intranuclear expression of EBV-encoded non-
polyadenylated RNA-1 can be demonstrated by
in situ hybridization (Lauwers 2009).

Molecular Features

There have been reports of losses of chromosomes
4p, 11p, and 18q, which seem to indicate
a pathogenetic pathway different from other usual
types of gastric carcinoma (Lauwers 2009). Also,
CpG island methylation of the promoter region of
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many cancer-related genes with repression of
tumor suppressor genes such as PTEN has been
demonstrated in gastric LELC cells (Fukayama and
Ushiku 2011). One colic tumor has shown a MSI-
high phenotype with loss of expression of MLH-1
and PMS-2. The authors hypothesize there was
a sporadic epigenetic hypermethylation of MLH-1
and its partner dimmer PMS-2, leading to a MSI-
high colon cancer which attracted the dense lym-
phocytic population and the LELC phenotype
(Delaney and Chetty 2012).

Differential Diagnosis

Gastrointestinal lymphoepithelioma-like carci-
noma must be distinguished from lymphoma.
Neoplastic atypical epithelial cells can usually be
easily encountered, but immunostaining with
cytokeratin can be of help in highlighting these
cells. Also, the lymphocytes in LELC are usually
small T lymphocytes.

Colic LELC can be difficult to distinguish from
medullary carcinoma (which can be encountered in
Lynch syndrome). Inmedullary carcinoma, there are
more peritumoral than intratumoral lymphocytes; it
has a pushing rather than infiltrative margin, and the
tumor cells are uniform rather than pleomorphic, as
seen in LELC (Delaney and Chetty 2012).

Biliary intrahepatic LELC may be morpholog-
ically indistinguishable from hepatocellular
LELC. The latter, however shows at least focal
HepPar1 positivity in the tumor cells.

When approaching lymphoepithelioma-like
carcinoma, particularly in the liver, differential
diagnosis of metastatic LELC from other organs
must be considered (Ishida et al. 2011).
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Abbreviations

BL Burkitt lymphoma
DLBCL Diffuse large B-cell

lymphoma
DLBCL/BL,
unclassifiable

Lymphoma, unclassifiable,
with features intermediate
between DLBCL and BL

EATL/EATL-I Enteropathy-associated T-cell
lymphoma-type-I

EATL-II Enteropathy-associated T-cell
lymphoma, type II (synonym
with “Monomorphic
epitheliotropic intestinal T-
cell lymphoma”)

EBV+ DLBCL
of elderly

EBV-positive diffuse large B-
cell lymphoma of elderly

ENKTL Extranodal NK/T-cell
lymphoma

FL Follicular lymphoma
IPSID Immunoproliferative small

intestinal disease
MALT
lymphoma

Mucosa-associated lymphoid
tissue lymphoma

MCL Mantle cell lymphoma
MEITL Monomorphic epitheliotropic

intestinal T-cell lymphoma
NHL Non-Hodgkin lymphoma
PBL Plasmablastic lymphoma

Synonyms

Intestinal lymphoma: “Western-type” intestinal
lymphoma

Immunoproliferative small intestinal dis-
ease (IPSID): Alpha chain disease; Mediterra-
nean lymphoma; Seligmann disease

Monomorphic epitheliotropic intestinal
T-cell lymphoma: Defined as “Enteropathy-
associated T-cell lymphoma type” in World
Health Organization (WHO) classification of
tumors of haematopoietic and lymphoid tissues
in 2008 and as “Monomorphic CD56 (+) intesti-
nal T-cell lymphoma” in WHO Classification of
Tumours of the Digestive System in 2010. The
2016 revision of the classification of lymphoid
neoplasms defines the entity as “Monomorphic
epitheliotropic intestinal T-cell lymphoma.”

Definition

Intestinal Lymphoma (IL)
The definition of “intestinal lymphoma (IL)”
varies among the authors as it can occur as
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a primary lesion or in a secondary fashion in
a substantial portion of the cases. Usually
a “primary” gastrointestinal (GI) lymphoma is
considered when the main bulk of disease is
located in GI tract with involvement of only con-
tiguous lymph nodes in the immediate vicinity of
the primary mass but without involvement of
liver or spleen. Additional criteria are normal
levels of total and differential white blood cell
count and absence of peripheral or mediastinal
lymph node involvement at the time of presenta-
tion. In this context, “secondary” IL refers to
lymphomas where the GI tract is additionally
involved in a disseminated disease. However,
some of the lymphomas concurrently occur in
nodal and extranodal sites or show bone marrow
infiltration simultaneously. Therefore, some
series on ILs in the literature keep a unifying
approach to all lymphomas arising in GI tract
unless its primary gastrointestinal system origin
is confirmed clinically or unless it is a type of
lymphoma that exceptionally arise in GI tract as
EATL or IPSID.

ILs are mature B, T, or NK/T-cell derived neo-
plasms; the clinical features, involvement pat-
terns, treatment, and outcome of which differ
from their nodal counterparts.

They usually present with abdominal pain,
mass, lower GI bleeding, hematochezia, obstruc-
tion, perforation, or intussusceptions. Nausea,
vomiting, weight loss, diarrhea, and clubbing are
more common in small ILs. Malabsorption and
malnutrition related symptoms usually accom-
pany IPSID and EATL. Asymptomatic patients
also exist or the lymphomatous infiltration can
be clinically occult although rare.

Detailed information on lymphoma types can
be found in related entries of this volume and
World Health Organization monograph on tumors
of the hematopoietic and lymphoid tissues.

Most commonly encountered intestinal B-cell
lymphomas as DLBCL, MALT L, IPSID, BL, FL,
MCL and less common but lower GI tract involv-
ing lymphomas as EBV+ DLBCL of elderly,
PBL, DLBCL/BL, unclassifiable, and T or NK/T
cell lymphomas as EATL, MEITL, or ENKTL,
nasal type will be covered in this entry while the
ones which rarely encountered in lower GI tract or

only occur as a dissemination of a systemic dis-
ease will not be discussed in detail (Fig. 1).

IPSID is a variant of low grade extranodal
marginal zone B-cell lymphoma of MALT type
which typically presents as a malabsorption syn-
drome in young adults. It is characterized by
marked plasma cell differentiation and dense
lymphoplasmacytic infiltration and also called as
“alpha chain disease” as it secretes defective alpha
heavy chains unable to bind light chain (Fig. 2).

Clinical Features

Clinical features of ILs are given in Table 1.

• Incidence
GI lymphomas are very rare and account for
less than 4% of all gastrointestinal malignan-
cies. On the other hand, GI tract is the
commonest extranodal site, accounting for
about 4–18% of all NHL’s.

The incidence of small intestinal lymphoma
(23–30%) and colorectal lymphoma (6–23%)
among GI lymphomas is less than stomach
(60–75%) but much higher than in esophagus
(1%) throughout the GI tract.

The incidence of ILs and proportion of
small intestinal ones among them show geo-
graphic variations due to increased frequency
of IPSID in Mediterranean basin and the Far
East or increased prevalence of EATL in
Northern Europe due to coeliac disease. Colo-
rectal lymphomas show almost equal preva-
lence around the world, but their incidence is
increasing in relation with increasing preva-
lence of acquired or iatrogenic immunodefi-
ciency conditions.

Most of the ILs are NHL’s and most of them
are B-cell lymphomas; DLBCL (or regionally
IPSID) is the most common form of lymphoma
followed by BL or FL or MALT lymphoma in
different series reported from different parts of
the world. Recent reports also show increasing
detection of small diminutive intestinal FLs
due to enhancement in endoscopic techniques
as double-balloon enteroscopy and capsule
endoscopy. T-cell lymphomas are less common
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and accounts for approximately 10–25% of
primary ILs (Fig. 3).
Incidence of IPSID: In 1980s, IPSID consti-
tuted up to 78% of all small intestinal malig-
nancies and most common lymphoma in
young adults in the Middle East, North and
South Africa, and the Far East; however, recent
reports show a decline in its prevalence, prob-
ably due to improvement in sanitary condi-
tions, eventually reducing repeated infections
leading to lymphoma-inducing chronic anti-
genic stimulations.

• Risk factors
Some of the ILs occurs in the setting of chronic
GI disease, bacterial or viral infections, and
immunodeficiency conditions. The physio-
pathological mechanisms leading to this pre-
disposition have not been well established for
all types of lymphomas. However, chronic
inflammation induced ongoing antigenic
stimulation has a role in clonal expansion of
lymphoid cells and eventually lymphoma
development especially in MALT lymphoma
and IPSID or in lymphomas related with viral

Lymphoma and Immunoproliferative Small Intesti-
nal Disease (IPSID), Fig. 1 Macroscopic appearance
(a) Large ileocecal mass (Burkitt Lymphoma). The cut-
surface has a gray-white, soft, fish-flesh appearance. (b)
Smaller Burkitt lymphoma located in cecum-appendix ori-
fice, showing mucosal thickening, ulceration, hemorrhage,
and submucosal invasion. (c) Diffuse large B-cell lym-
phoma presented with intussusception, early perforation
(arrow), and lymph node involvement (star). (d)

Endoscopic view of Mantle cell lymphoma with “multiple
lymphomatoid polyposis” (also seen in MALT lymphoma
and follicular lymphoma) (Courtesy of Prof. Dr. O.
Ozutemiz from Ege University School of Medicine
Department of Gastroenterology). (e–f) Multiple small
nodulary/polypoid lesions incidentally found in a case
with Hirschsprung’s disease. (g) The histological view is
consisted with nodular lymphoid hyperplasia
(Haematoxylin-Eosin, �4)
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infections. The following list summarizes the
most common associations.
GI diseases
The relative risk of EATL(EATL-I) is approx-
imately 1000-fold increased in ▶Coeliac dis-
ease especially in refractory coeliac disease
type II. The role of ▶ inflammatory bowel dis-
ease (IBD) is controversial; whether the dis-
ease itself or the immunosuppressive treatment
alters this propensity remains unelucidated.
Large, population-based cohort studies do not
favor an evidence-based association for

ulcerative colitis. However, the observations
on Crohn’s disease are more contradictory
and suggest a possible relationship with
EATL, EBV-positive Hodgkin lymphoma, or
some B-cell NHLs (Fig. 4).
Infectious agents
▶Helicobacter pylori (H. pylori) infection has
an approved role in development of gastric
MALT lymphoma; however, its contribution
in extragastric locations where it does not nor-
mally colonize is questionable. Its role in
immunodeficiency associated BL is also

Lymphoma and Immunoproliferative Small Intesti-
nal Disease (IPSID), Fig. 2 Small B-cell lymphomas.
(a–e) Mantle cell lymphoma (a) Mantle cell lymphoma
in an endoscopically normal mucosa (colon) (H&E, �2).
(b) Note the cyclin-D1 expression in deeper parts of
mucosa highlighting the lymphoma infiltration (Cyclin-
D1, �2). (c) Mantle cell lymphoma in an endoscopically
suspected case showing “nodular lymphomatoid poly-
posis” (colon) (H&E, �2). (d) CD 20 positivity (CD20,
�2). (e) Nuclear cyclin-D1 expression (Cyclin-D1, �20).
(f–i) Follicular lymphoma (f) Mucosal involvement by
follicular lymphoma. Note the broadened finger-like villi

(H&E, �4). (g) Follicular growth pattern which is more
common than diffuse involvement in GI tract (CD 20,�4).
(h) Admixture of centrocytic and centroblastic cells (H&E,
�20). (i) BCL-2 expression (BCL-2, �20). (j–k) MALT
lymphoma (j) Small, CD 20 positive lymphocytes invad-
ing the epithelium of cecum (anti CD 20, �10). (k)
Lymphoepithelial lesion which is less frequent than gastric
MALT lymphomas (Cytokeratin, �10). (l–m) IPSID: (l)
IgA positive cells in lamina propria (IgA, �20). (m) Duo-
denal villi showing epithelial invasion with plasma cells
(CD138, �10)
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controversial. Campylobacter jejuni (C. jejuni)
is the potential etiological factor for develop-
ment of IPSID. A polymicrobial interference
due to repeated intestinal infections (i.e.,
Escherichia coli, Giardia lamblia, Ascaris
lumbricoides, Vibrio cholera, Strongyloides
stercoralis) were also suspected for IPSID.
▶Epstein-Barr virus (EBV) is the most com-
mon virus shown in different types of lympho-
mas, listed as the major etiological agent for
development of BL (mostly the endemic form),
EBV-positive DLBCL, MCL, ENKTL-nasal
type, AIDS-associated immunoblastic lym-
phoma, anorectal DLBCL, and lymphomatoid
granulomatosis. Although EBV-related

lymphomas are heterogeneous group diseases,
they all harbor latent EBV within tumor cells.
Human immunodeficiency virus (HIV) has
a role in development of PBL but of DLBCL
and BL as well. Role of Hepatitis viruses (par-
ticularly HCV) is controversial, but there are
reports pointing to regression of lymphomas
(particularly lymphoplasmacytic lymphoma/
Waldenstrom macroglobulinemia) following
antiviral treatment. Plasmodium falciparum
malaria is potentially related with endemic
BL (Fig. 5).
Immunodeficiency
Acquired immunodeficiency disease (AIDS):
One third of AIDS-related NHLs involve the

Lymphoma and Immunoproliferative Small Intesti-
nal Disease (IPSID), Fig. 3 (a–f) Burkitt lymphoma (a)
Appendiceal Burkitt lymphoma (H&E, �2). (b) Terminal
ileum involvement presented with penetrating ulceration
and massive bleeding (H&E, �4). (c) Mucosal involve-
ment in case presented with large submucosal mass
(H&E, �10). (d) Ki-67 positivity (100%) (Ki-67, �10).
(e) Starry sky appearance (H&E, �20). (e) c-Myc

immunoexpression in lymphoma cells (c-MYC, �20).
(g–i) Diffuse large B-cell lymphoma (g) Full thickness
bowel wall invasion totally effacing the mucosal architec-
ture. Note the barely visible muscularis mucosa infiltrated
by (h)Mucosal infiltration (i) Large cells with centroblastic
and immunoblastic morphology. Note the adjacent smaller
reactive lymphocytes
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GI tract (especially colon and anorectal region)
at presentation. Most of them are B-cell lym-
phomas, mostly occur in later stages of HIV
infection, frequently show EBV association,
present with multifocal involvement, and fol-
low an aggressive course with increased fre-
quency of complications as perforation and
massive bleeding. On the other hand, the
reported frequency of lymphoma is declining
due to wide usage of antiretroviral treatments,
in recent years.
Declined immune defense due to senescence:
stands as the major etiopathogeneticmechanism
in development of EBV+ DLBCL of elderly.

Immunosuppressive drugs: are responsible for
most of IBD associated lymphomas. Cortico-
steroids and TNF-a inhibitors are the potential
agents. Immunodeficiency is a risk factor
particularly for development of BL.

• Age
Age distribution varies between types of
lymphomas. DLBCL has the broadest spec-
trum of age among all NHL’s. Colorectal lym-
phomas are seen one or two decade earlier
than small intestinal lymphomas. NHL’s
seen in immunocompromised or EBV-positive
patients also occur earlier than expected
in immunocompetent and EBV-negative

Lymphoma and Immunoproliferative Small Intesti-
nal Disease (IPSID), Fig. 4 T-cell lymphoma. EATL (a)
Mucosal ulceration and transmural neoplastic infiltration
(H&E, �4) (inset: CD7 immunoexpression in neoplastic
cells,�4). (b) Medium to large sized neoplastic cells, with
irregular, pleomorphic vesicular nuclei, distinct nucleoli,
pale cytoplasm. Background is rich in eosinophils (H&E,
�20). (c) Infiltration of mucosa, note the scattered cells

with more irregular nuclei (H&E, �20). (d) Granzyme-B
staining cytotoxic granules in the cytoplasm of neoplastic
cells (Granzyme-B, �40). (e) Adjacent mucosa with
enteropathic changes. Note architectural irregularity, vil-
lous shortening, and flattening (H&E, �10). (f)
Intraepithelial lymphocytosis (CD3, �10). (h) Loss of
CD8 staining in intraepithelial lymphocytes (CD8, �10)
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population. Most frequently encountered age
groups for most common lymphomas are given
below.
First two decades: BL, IPSID, rarely FL,

DLBCL, PBL
3rd–5th decades: MCL, FL, PBL, IPSID,

DLBCL
5th–7th decades: EBV+ DLBCL of elderly

(over 50 years old), MCL, FL, PBL,
DLBCL

>7th decade: DLBCL, MALT lymphoma,
MCL

• Sex
Males predominate (two- to fourfold) in almost
all subtypes of ILs. FL and MALT lymphoma

(in some series) are slightly more frequent in
females while EBV + DLBCL of elderly, and
EATL are almost equally reported in both
sexes in some series.

• Site
Small intestinal lymphomas are more fre-
quently reported than colorectal lymphomas
probably due to regional high frequency of
IPSID. In small intestine, ileum is the most
commonly involved site (60–65%) followed
by jejunum (20–25%) and duodenum (6–8%)
involvement of other sites is less than 10%. For
colonic lymphomas, ileocecal region, which
harbors greater amount of lymphoid tissues,
is the most frequently involved area followed

Lymphoma and Immunoproliferative Small Intesti-
nal Disease (IPSID), Fig. 5 Rare entities. (a–d)
Plasmablastic lymphoma (a) Mucosal and submucosal
invasion in terminal ileum. Note the eroded surface (H&E,
�4). (b) Cell aggregates of plasmablastic cells and cells
with immunoblastic features (H&E, �40). (c) CD20 neg-
ativity (CD20, �20). (d) Plasmablastic cells with MUM1
positivity (MUM1,�20). (e–h) EBV+ DLBCL of elderly

(e) Ileocecal tumor with penetrating mucosal ulceration
(H&E, �2). (f) Admixture of small and large cells,
immunoblast-like cells, Hodgkin Reed-Sternberg like
cells (H&E, �40). (g–h) Extensive EBER positivity
throughout the tumor by chromogenic in situ hybridiza-
tion. (EBER CISH probe, �2). (h) EBER positivity in
neoplastic lymphocytes (EBER CISH probe, �40)
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by ascending colon and rectum. Anorectal
lymphomas are rare (3%) and commonly
encountered in immunocompromised patients,
HIV, or EBV infected cases. Multifocal
involvement is more common in MALT lym-
phoma and MCL.
Predilection site for special types of lympho-
mas are given below.
Duodenum: FL
Jejunum: IPSID (proximal jejunum), EATL,

T-cell lymphomas, MCL
Ileum: IPSID, DLBCL, EATL-I (proximal

ileum)
Ileocecal region: Most of ILs (BL, DLBCL,

PBL, MEITL, MCL, EBV+ DLBCL of
elderly, MALT lymphoma)

Appendix: BL (and less frequently DLBCL,
MALT lymphoma)

Colon and rectum: DLBCL, MALT lym-
phoma, MCL, PBL, FL

Anorectal region: DLBCL, PBL
• Treatment

The treatment strategies are controversial and
mostly but not only dependent on the histolog-
ical type of the lymphoma. Different modali-
ties can be applied alone or in combination
according to the localization, stage or extent
of the disease, age of patient, and accompany-
ing disorders or complications..

“Wait and watch” approach can be chosen
for early stage indolent lymphomas as FL
(especially in duodenal-type FL). Anti-
biotherapy is a treatment option for early
stage IPSID and duodenal/rectal MALT lym-
phoma, although the role of H. pylori in ILs is
debated. Nevertheless, there are occasional
reports of DLBCL transformed from MALT
lymphomas, IPSID, and even BL regressed
after eradication therapy for H. pylori, proba-
bly due to elimination of other bacterias con-
tributing in disease progression. Antiretroviral
drugs reduce the risk of lymphoma develop-
ment in HIV-infected patients. Radiotherapy is
beneficial for solitary tumors or for debulking
large masses and is most effective when done
prior to the chemotherapy. Surgery is preferred
for mass forming or localized disease. Surgical
intervention is also indicated for complications

as obstruction, perforation, intussusceptions,
stricture formation, and ulceration with mas-
sive bleeding. Chemotherapy with single or
multiagent modalities or combined with sur-
gery, radiotherapy, or immunotherapy is one of
the main options especially for aggressive
cases or for advanced disease. The “CHOP”
regimen (cyclophosphamide, hydroxydau-
norubicin, vincristine (Oncovin), and predni-
sone) or other anthracycline-based agents are
the most commonly used combinations/agents.
Rituximab (anti CD20 antibody) is either
added to chemotherapy (R-CHOP) or used as
a stand-alone effective targeted therapeutic
agent. Notably, PBL, which typical lacks
CD20, does not benefit from rituximab. Differ-
ent protocols are used for more aggressive
lymphomas as BL. Stem cell transplantation
with high-dose chemotherapy can also be con-
sidered for aggressive lymphomas as EATL,
BL, or MCL. Supplementary treatment is indi-
cated for malabsorption due to IPSID or enter-
opathy-associated lymphomas although their
effect to overall survival is controversial.
Treatment of IPSID: Antibiotherapy for early
stage (Stage A) disease. Surgery and chemo-
therapy for advanced stages with addition of
supplementary treatment.

• Outcome
The outcome of lymphomas is mainly depen-
dent to histological subtype, the site, stage,
grade, extent of disease, and certain molecular
alterations. Case-dependent factors as declined
immunity, presence of accompanying EBV or
HIV infection, higher International prognostic
index (IPI), and complications as initial pre-
sentation with bowel perforation, intractable
massive bleeding, malnutrition are also signif-
icant adverse factors independently interfering
with prognosis.

Staging of ILs is debated because of various
staging systems. “Paris staging system” is also
relevant for prognosis as the “modified Ann
Arbor classification” and feasible for GI tract
for minding the level of bowel wall invasion
and presence of lymph node involvement sim-
ilar to TNM system. Intestinal lymphomas
have usually poorer outcome than their
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counterparts in stomach partly due to higher
frequency of complications.

Most of the B-cell lymphomas even the
more aggressive ones are potentially curable
with different treatment modalities, while
most T-cell lymphomas confer a poor
prognosis with aggressive clinical behavior
with frequent recurrences despite intense
treatment.
– Lymphomas showing indolent course are

Low grade B-cell lymphomas as FL (espe-
cially the “duodenal-type FLs”), IPSID, or
MALT lymphoma.

– Aggressive lymphomas with poor progno-
sis are T-cell lymphomas, PBL, EBV+
DLBCL of elderly, MCL.

– Aggressive lymphomas with variable out-
come (or potentially curable) are BL and
DLBCL

Outcome of IPSID: The disease course in
stage A is indolent and can last for years with
vague symptoms and may respond to anti-
biotherapy and show remission if discovered
in this stage. Stage B lesions do not respond to
antibiotics and represent a transition to
advanced disease. Stage C follows an aggres-
sive clinical course similar to DLBCL requir-
ing a systemic therapy and correction of
malnutrition related symptoms.

Macroscopy

Macroscopic appearances of ILs are diverse and
despite attempts for endoscopic or macroscopic
classification of them, there is neither a standard
classification nor a specific feature that can distin-
guish them from other benign or malignant GI
lesions. Invasive forms may show early mesen-
teric invasion with extraluminal masses. But ILs
do not necessarily present with intraluminal
masses. Short or long segment involvement and
multifocality can be seen. Although macroscopic
presentation may change depending on the stage
at the time of diagnosis and mixed forms can
occur in an index case, there is some correlation
between histological types of ILs and most com-
mon macroscopic appearances as follows:

– Endoscopically normal mucosa/overlooked
lesions: MCL (Microscopic evidence can be
found in up to 85% endoscopically normal
cases)

– Diffuse infiltration: MCL, T-cell lymphomas,
IPSID, MALT Lymphoma, PBL

– Multiple lymphomatous polyposis (multiple
polyps/small nodules throughout GI tract,
measuring 0.2–2 cm): Classically defined in
MCL but also encountered in FL and MALT
Lymphoma

– Large bulky masses: BL, DLBCL (rapidly
growing)

– Obstruction and intussusception: DLBCL, BL,
FL (less common)

– Ulceroinfiltrative lesions: DLBCL, EATL,
T-cell lymphomas

– Transmural infiltration MALT lymphoma,
EATL, DLBCL

– Ulcers-Strictures: More common in EATL,
DLBCL, BL. T-cell lymphomas may mimic
Crohn’s disease with fistulization.

– Perforation: EATL, ENKTL, nasal type, EBV+
DLBCL of elderly, DLBCL (rarely forming
aneurysms)

Macroscopy of IPSID: Stage A: Diffuse
mucosal fold thickening with or without mesen-
teric lymph node involvement. Stage B: Slightly
irregular, nodular mucosa, multiple lymphoma-
tous polyposis, circumscribed small masses, sub-
mucosal invasion. Stage C: Large masses with
overt mesenteric lymph node involvement.

Microscopy

Histological features of ILs are similar to their
nodal counterparts with minor changes and can
be found in related entries in more detail. Brief
histopathological features of common ILs are
summarized in Table 2.

EATL and IPSID are two exclusive types of
lymphomas arising in GI tract solely. Therefore,
they will be discussed in more detail herein as well
as “duodenal-type FL” which is separately
emphasized as a distinctive variant of FL in
2016 revision of the WHO classification of
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Lymphoma and Immunoproliferative Small Intestinal Disease (IPSID), Table 2 Intestinal lymphomas at a glance:
macroscopic and microscopic features

Macroscopy Microscopy

DLBCL Large masses, ulceration,
transmural infiltration, obstruction
and intussusception, stricture,
ulcer formation

Diffuse infiltration of large cells with basophilic cytoplasm.
Centroblastic variant with round to oval vesicular nuclei
(mostly in colon), immunoblastic with prominent central
nuclei, or anaplastic with pleomorphic nuclei (mostly in
immunosuppressive conditions) or mixture of all

MALT L Solitary mass/nodule (more
common in ileocecal region to
rectum). Diffuse infiltration. May
also present as multiple
lymphomatous polyposis.
Multicentricity is reported

Heterogenous population with predominantly centrocyte-like
marginal zone cells or monocytoid cells with pale cytoplasm
and small lymphocytes, scattered immunoblasts, centroblast-
like cells, plasmacytic differentiation. LEL’s are less prominent
than in stomach. “Naked-follicle” appearance with obliteration
of mantle zone and colonization of germinal centers by
lymphoma cells. Muscularis mucosa disruption and
submucosal invasion is apparent

IPSID Stage A: Normal mucosa; Stage B:
Thickened mucosal folds; Stage C:
Mass forming lesions, lymph node
involvement

Stage A: Blunt, broadened, and shortened villi. Plasma cell
dominant lymphoplasmacytic infiltration confined to the
mucosa and mesenteric lymph nodes. No cytological atypia.
The overlying epithelium is usually intact, the crypts are
sparse. Stage B: Nodular mucosal infiltrates similar to MALT
lymphoma with follicular colonization, LELs and extension to
the submucosa. Stage C: Immunoblastic and plasmablastic
cells dominate, cytological atypia is frequent, mitoses are brisk.
Risk of transformation to DLBCL

MCL Multiple lymphomatous polyposis
(classical presentation) (polyps are
larger in ileocecal region). May
also present as solitary mass or
endoscopically normal mucosa
with or without diminutive
tumoral infiltrates

Diffuse involvement is more common than nodular or true
mantle zone pattern. Monotonous centrocyte-like small to
medium sized cells with angular/slightly to markedly irregular
nuclei and scant cytoplasm. Mitotic figures, epitheloid
histiocytes, finely hyalinized vessels are apparent. Glands/
crypts are destroyed but no LELs. Variants: Blastoid
(aggressive), pleomorphic (aggressive), rare small cell,
marginal zone like types

FL Multiple small polyps/nodules
(multiple lymphomatous
polyposis). Mucosal nodularity
(more frequent in jejunum and
ileum). Ulceroinfiltrative masses.
Colonic FLs invade submucosal to
subserosal areas

Mucosal involvement with follicular growth pattern (more
common than diffuse infiltration in GI tract). Glove balloon-
like villous hypertrophy. Monomorphic infiltration of small- to
medium-sized centrocytes admixed with centroblasts. Lack of
reactive germinal center tingible body macrophages

Duodenal-type FL: multiple
small submucosal polypoid
lesions (1–5 mm) some clustering
around the papilla Vateri

Duodenal-type FL: Centrocytes and few centroblasts packed
together in usually well-circumscribed neoplastic follicles
without starry sky appearance

Burkitt L Bulky right lower quadrant mass.
Intussusception, Stricture, ulcer
formation

Diffuse monotonous infiltration. Medium-sized round to oval
cells showing “squared-off” borders. Finely clumped
chromatinized nuclei with multiple basophilic nucleoli. Deeply
basophilic cytoplasm bearing multiple lipid vacuoles. Frequent
mitosis, “starry sky” appearance with tingible body
macrophages

DLBCL/BL,
unclassifiable

Submucosal/mucosal nodule/
mass. Rare lymphomatous
polyposis

Morphological features intermediate between BL and DLBCL.
The infiltration is composed of medium- to large-sized cells.
More like BL with frequent mitosis, apoptosis, and starry sky
appearance

EBV+
DLBCL of
the elderly

Diffuse infiltration or mass
forming. Perforation and
multifocality reported

“Large cell” variant with monotonous immunoblast or HRS-
like cells and “polymorphic” variant with scattered large cells

(continued)
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lymphoid neoplasms, which appears to have an
indolent nature and an excellent outcome. Recent
monograph recognizes “GI tract FL” as a variant.

Microscopic findings of duodenal-type FL:
It is a low grade (grade 1–2) FL composed of
centrocytes and fewer centroblasts that were
packed together usually in well-circumscribed
neoplastic follicles without tingible body macro-
phages (starry sky appearance) and mantle zones.
Sheets of small lymphoid cells with round, dark
nuclei are seen outside the follicles and the follic-
ular structures occupy at least some duodenal villi.
The neoplastic infiltration has overlapping fea-
tures with “in situ follicular neoplasia” and
MALT lymphoma.

Microscopic findings of EATL (EATL-I):
The neoplastic lymphoid population is polymor-
phous, most commonly composed of medium to
large sized cells with irregular, angulated, vesicu-
lar nuclei, prominent nucleoli, and moderate to
ample pale staining cytoplasm. The predominant
cell population can have an “immunoblastic,”

“pleomorphic,” or “anaplastic”morphology. Ana-
plastic lymphoma-like appearance with multi-
nucleated cells is also encountered in rare cases.
Usually, there is an inflammatory background
typically rich in eosinophils or histiocytes and
plasma cells and may even obscure neoplastic
cells. Adjacent mucosa characteristically shows
varying degree of enteropathic changes reminis-
cent of coeliac disease with total or partial villous
atrophy, intraepithelial lymphocytosis, and crypt
hyperplasia or display normal architecture with
only intraepithelial lymphocytosis showing the
same abnormal immunophenotype with
lymphoma.

Microscopic findings of MEITL (EATL-II)
(CD 56+ Intestinal T-cell lymphoma): It is char-
acterized by monotonous infiltration of small to
medium sized cells with scant cytoplasm and
hyperchromatic nuclei typically invading the
crypt and surface epithelium. Villi in the close
peripheral zone of neoplastic infiltration show
villous shortening and infiltration of atypical

Lymphoma and Immunoproliferative Small Intestinal Disease (IPSID), Table 2 (continued)

Macroscopy Microscopy

in a mixed cellular small lymphocytic, plasmacytic, and
histiocytic background, with geographic necrosis in both forms

PBL Diffuse bowel thickening,
exophytic mass, deep bowel wall
invasion with serosal infiltration
and perforation

Nodular and diffuse infiltration of cohesive cell aggregates of
plasmablastic cells or cells with immunoblastic to more mature
plasmacytic features. Mitotic activity and apoptotic bodies are
frequent

EATL
(EATL-I)

Thickened folds, multiple raised,
ulcerated nodules/exophytic mass.
Strictures. Stenosis, perforation,
and multifocality reported.
Ulcerative jejunitis in the
prodromal period

Polymorphous infiltration of predominantly medium to large
cells with irregular, angular, vesicular nuclei, distinct nucleoli,
faint cytoplasm. Background rich in histiocytes, plasma cells,
and numerous eosinophils, which may obscure neoplastic cells.
Necrosis is common. Adjacent mucosa show enteropathic
changes with villous atrophy, crypt hyperplasia, and
intraepithelial lymphocytes

MEITL
(EATL-II)

Similar to EATL-I Monomorphic infiltration of small, round cells with dark nuclei
and scant cytoplasm. Villi in the near vicinity of neoplastic
infiltration show villous shortening and atypical intraepithelial
lymphocytes while the distant zones preserve normal villous
architecture without intraepithelial lymphocytes

ENKTL,
nasal type

Multifocal or diffuse pleomorphic
ulcers. Perforation

Diffuse polymorphous infiltration effacing the mucosal
architecture. Variety of cells: small, medium, large sized, or
anaplastic cells. Pleomorphic neoplastic cells with irregular,
convoluted vesicular nuclei, indistinct nucleoli, pale moderate
to abundant cytoplasm admixed with inflammatory cells.
Angiocentric and angiodestructive growth pattern with
necrosis and mucosal ulceration

GI gastrointestinal, LEL lymphoepithelial lesion, MLP multiple lymphomatoid polyposis, HRS-like Hodgkin Reed-
Sternberg like cells
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intraepithelial lymphocytes while the distant
zones are characterized with normal villous archi-
tecture and normal counts of intraepithelial
lymphocytes.

This entity, which formerly regarded as EATL-
type II, was renamed as “monomorphic
epitheliotropic intestinal T-cell lymphoma” in
the 2016 revision of WHO classification of lym-
phoid neoplasms (in press) and segregated from
type I EATL (EATL) due to its distinctive nature
and lack of association with coeliac disease.

Microscopic findings of IPSID: Resembles
a MALT lymphoma with marked plasma cell dif-
ferentiation and show variations in different
stages of the disease.

Stage A: Lamina propria shows overwhelming
infiltration of plasma cells with few monocytoid
marginal zone B-cells. Cytological atypia is not
observed. The lymphoplasmacytic infiltration is
confined to mucosa; the overlying epithelium is
usually intact but the infiltration may obliterate
villous architecture and may cause mucosal flat-
tening with blunting, broadening and shortening
of villi, and crypt hyperplasia. Mesenteric lymph
nodes can be involved even in Stage A.

Stage B: Mucosal infiltration is usually nodu-
lar. Classical MALT lymphoma histology with
follicular colonization is observed. Minimal cyto-
logical atypia is usually present. Mucosal folds are
thickened macroscopically and the infiltration
extends beyond muscularis mucosa. This stage is
a transformational stage where most of the cases
are diagnosed.

Stage C: is characterized by marked cytologi-
cal atypia, increased mitosis, immunoblastic and
plasmablastic cells, Reed Sternberg-like cells and
conversion to DLBCL. Large masses and exten-
sive mesenteric lymph node involvement is evi-
dent. The rate of evolution from Stage A, B to
stage C is not known.

Immunophenotype

Immunphenotypic features are detected either by
immunohistochemistry (IHC) or by flow
cytometry, and its determination is crucial for sub-
typing and differential diagnosis of lymphomas,

prediction of disease outcome, and selection of
cases for targeted therapy (i.e., anti CD20 immu-
notherapy). Table 3 summarizes the most fre-
quently observed/expected immunophenotypic
features of common ILs although variations may
occur in an index case.

The best immunohistochemical diagnostic
workup may vary depending on the suspected
lymphoma subtype. A panel consisting of CD3
(for T-cell lineage and NK cells), CD20 (for B-cell
lineage), CD5 (T cells and aberrant expression in
small B-cells), CD23 (for dendritic cells), CD43
(T cells, aberrant expression in some small B-
cells, plasma cells, and myeloid cells), CD10
(for follicular/Germinal Center–GC B-cell ori-
gin), BCL6 (for GC B-cells), BCL2 (for identify-
ing neoplastic GC cells), and Cyclin D1 (for
identifyingMCL) will be of help in distinguishing
many cases of B-cell lymphomas and provide
clues to the diagnosis of T-cell or NK/T-cell lym-
phomas to some extent.

Other Pan B-cell markers (CD19, CD22,
CD79A, PAX5/BSAP), Plasma cell markers
(CD138, CD38, VS38c, kappa, lambda, IgG,
IgM, IgA, IgD), or markers for plasmablastic dif-
ferentiation (i.e., IRF4/MUM-1), Cytotoxic
markers (Granzyme B, perforin, TIA1), NK/T-
cell markers (CD4, CD7, CD8, TCRd, CD16,
CD103 and NK-cell associated markers as CD56
and CD57) can be added to the panel when
needed. Assessment of Ki-67 proliferation index
(i.e., virtually 100% positive in BL). EBV-related
markers as latent membrane protein-1 (LMP1)
and/or EBV nuclear antigen-2 (EBNA2) are also
crucial in diagnosis of some ILs. Notably EBV-
related EBVencoded RNA (EBER) gene product
is not translated into proteins detectable by IHC,
therefore evaluated only by in situ hybridization
methods.

The distribution of positively stained cells
whether they represent the true neoplastic com-
partment or the reactive background should be
carefully evaluated and interpreted, as well as
the host “gut-associated lymphoid tissue” (i.e.,
Peyer’s patches or rectal tonsils) to avoid
misdiagnosis.

IHC can also be used to reveal some clinically
important subgroups in different types of
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lymphomas as in DLBCL (i.e., distinction of GCB
and Non-GCB subgroups by Hans’s algorithm
which uses CD10, BCL6, and IRF4/MUM1 anti-
bodies) (See Table 3).

Immunophenotypic features of common ILs
is summarized in Table 3 with emphasis on minor
variations from their nodal counterparts.

Immunophenotypic features of duodenal-
type FL: CD20+, strong CD10+, BCL-6+,
BCL-2+, Ki-67 (low). FDC meshwork (revealed
by CD21, CD23, CD35 expression) may be
unusually diminished in contrast to nodal coun-
terparts or redistributed, with compact networks
or a condensed rim of enhanced staining at the
periphery of the neoplastic follicles.

Immunophenotypic features of EATL
(EATL Type I): The neoplastic T cells are posi-
tive for: CD3, CD7, CD103, and cytotoxic
markers such as granzyme B, perforin, and/or
TIA.

Variably positive for: CD8, CD30, and TCRb.
Typically negative for: CD4, CD5, and CD56

Variants: Anaplastic variant (CD30 +, CD3-,
CD4-, and CD8-).

Pitfalls in differential diagnosis The adjacent
mucosa with or without enteropathic changes also
show CD3 positivity but loss of CD4, CD5, and
CD8 expression in intraepithelial lymphocytes.
The intraepithelial lymphocytes in cases with
Refractary ▶Coeliac disease type II (RCD-II),
especially the ones subsequently develop into
EATL, also show similar immunophenotypic fea-
tures with monoclonal TCR gen rearrangements
suggesting their perception as EATL in situ.

Immunophenotypic features of MEITL
(EATL-II, Monomorphic CD56 (+) Intestinal
T-cell lymphoma): Similar immunophenotypic
features with EATL in respect to neoplastic infil-
tration except for presence of CD56/NCAM1 and
MAPK expression and more frequent TCRab
expression than EATL (EATL-I). TCRa and
TCRg expressions are similar.

Immunophenotypic Features of IPSID
Positive for: CD19, CD20 (in atypical mono-
cytoid-small lymphoid cells), CD79a, CD138 (in
plasmacytic cell component which is CD20 neg-
ative), IgA will stain strongly with heavy chain

(both in atypical lymphocytic and plasmacytic
components) with absence of light chain staining.

Negative for: CD5, CD10, and CD23.

Molecular Features

Molecular diagnostic tests are primarily used
either to demonstrate monoclonality of the lesion
(neoplastic rather than reactive nature) or to reveal
a specific chromosomal translocation or to elabo-
rate a viral association.

Karyotypic changes are less frequently evalu-
ated in routine practice. Flow cytometry can be
used as an adjunct to IHC in detection of
immunophenotypic features or may even give
better results than IHC, i.e., by enabling simulta-
neous evaluation of several surface antigens or by
detecting clonality especially in B-cell lympho-
mas. PCR-based clonality analyses, for B-cell
clonality; targets immunoglobulin (Ig) gene
rearrangements on certain localizations as Ig
heavy chain (IGH) on 14q32, Ig kappa light
chain (IGK) on 2p11, and Ig lambda light chain
(IGL) on 22q11, while T-cell clonality analysis
targets T-cell receptor (TCR) genes
rearrangements as TCR beta (TCRb) on
7q32–35; TCR gamma (TCRg) on 7p15; or TCR
delta (TCRd) within the TCR alpha (TCRa) loci
in chr 14. Fluorescence in situ hybridization
(FISH) analysis is valuable in detecting typical
chromosomal aberrations as translocations,
rearrangements, and less frequently amplifica-
tions or deletions for certain subtypes of lympho-
mas. Some of these alterations are also detectable
in formalin fixed paraffin embedded tissues by
IHC. EBER in situ hybridization (ISH) is pre-
ferred over IHC as EBER gene (which is not
translated into IHC detectable-protein) is
expressed in all latency programs of latent EBV
infection, hence regarded more sensitive than
LMP1/EBNA-2 detected by IHC. Moreover,
EBV-positive intestinal NK/T cell lymphomas
and BLs may be negative by IHC (i.e., LMP).
On the other hand, EBER must be carefully
interpreted, as higher frequency of latent EBV
infection in adults may cause positivity in non-
neoplastic lymphoid compartment.
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Common molecular features encountered in
common ILs are overviewed below and summa-
rized in Table 3 in respect to different types of
lymphomas.

Gene rearrangements: IGH and IGK
rearrangements virtually occur in all mature B-cell
lymphomas. TCRb and TCRg rearrangements are
present in both EATL andMEITL but detected only
in minority of cases of ENKTL nasal type.

Translocations: Translocations are usually
observed in B-cell ILs. The t(2;5)(p23;q35) is
the only recurring translocation routinely evalu-
ated in T-cell lymphomas, but it is particularly
observed in anaplastic large cell lymphoma
which is uncommon in GI tract. Most frequent
translocations, involved genes, and associated B-
cell lymphomas are as follows:

Cyclin-D1(CCND1, IGH): t(11;14)(q13;q32) !
MCL (60–95%)

BCL2, IGH: t(14;18)(q21;q32) ! FL (>90%),
DLBCL, DLBCL/BL, unclassifiable

API2/MLT: t(11;18)(q21;q21) ! MALT lymphoma
BCL-6: t(3;n)(q27;n) ! DLBCL, MZL
MYC: !BL (80–90%), DLBCL (0–20%),

DLBCL/BL, unclassifiable (25–50%, with
a non-Ig gene partner)

Translocations MYC- IGH t(8;14)(q24;q32);
MYC-IGK t(2;8)(p11;q24) MYC-IGL t(8;22)
(q24;q11) differ among sporadic and endemic
cases of BL

Lymphomas with concurrent MYC and BCL2
translocations and MYC, BCL2, and BCL6 trans-
locations are called “Double-hit lymphomas” and
“Triple-hit lymphomas,” respectively. In the
2016 revision of WHO classification of lymphoid
neoplasms, all “double/triple hit” lymphomas
other than FL or lymphoblastic lymphomas are
categorized under “High grade B-cell lymphoma,
with MYC and BCL2 and/or BCL6
translocations.”

Virus Associated Changes
EBER positivity is observed in BL (90% of
endemic, 20–30% of sporadic cases), ENKTL,
nasal type, EBV+ DLBCL, PBL, and lympho-
matoid granulomatosis. Note that EBER (+) PBL

is characteristically negative with EBNA-2 or
LMP1, especially in colorectal HIV-associated
cases. For T-cell lymphomas, EBER positivity is
associated with poor prognosis.

DLBCL is molecularly subclassified as “ger-
minal center B-cell-like (GCB)” and “activated
B-cell-like (ABC)” subgroups based on gene
expression profiling (GEP). Both have common
or distinctive alterations or mutations; clinical
implications of which are not fully understood.
As GEP is not a routine clinical test, IHC
algorithms to differentiate the cases as GCB and
non-GCB subgroups (i.e., Hans algorithms)
can be used for stratification although it does not
show “exact correlation” with the molecular
categories.

EATL: Rearrangements of TCRb and TCRg
are present in both EATL (EATL-I) and MEITL
(EATL-II).

Cases with EATL are characterized with HLA-
DQ8, HLA-DQ2, and HLA-DQB1 genotype
which is shared with coeliac disease.

EATL and MEITL also harbor 9q31.3-qter
gains and 16q12.1 deletions. EATL additionally
displays gains at 5q or gains or partial trisomy of
1q, while MEITL more commonly express MYC
gains at 8q24 locus instead. Cases with refractory
coeliac disease also show 1q and 5q gains in
intraepithelial lymphocytes indicating a genetic
link with EATL.

Molecular features of IPSID:Deletions in the
variable (VH) and the first constant domain (CH1)
of the alpha heavy chain gene are typical. This
faulty heavy chain detains binding of light chain
so the plasma cells bear abnormal (truncated)
alpha heavy chains. This anomalous alpha heavy
chain protein can also be detected in the serum.
Translocations with breakpoints involving the
IGH or IGL loci were also described. Although
considered a subtype of MALT lymphoma IPSID
lacks t(11;18) frequently present in other MALT
lymphomas.

Differential Diagnosis

The major concerns in differential diagnosis of
ILs are:
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1. Differentiating small cell lymphoma types
(see Table 2).

Before further evaluation, the cell size should
be compared with macrophage nuclei to avoid
mistaking large/intermediate lymphoid cells for
small cell infiltration, especially in suboptimal
fixed tissues.

2. Distinguishing a small cell lymphoma from
host lymphoid tissue or/reactive lymphoid
hyperplasia which may extensively be pre-
sent throughout the lower GI tract.

Peyer patches are ring-forming organized lym-
phoid tissues located in lamina propria and sub-
mucosa of ileum. Their size and distribution show
great individual variations. They can endoscopi-
cally form tan-white nodular mucosal tumefac-
tions measuring 0.1–0.5 cm and mimic early
stage lymphoma. The presence or “spilling over”
of marginal zone B-lymphocytes in the surface
epithelium, at the broader luminal aspect of mar-
ginal zone, or “Lymphoepithelium” formation
which are also seen in crypt epithelium adjacent
to lymphoid follicles should not be misinterpreted
as lymphoepithelial lesions observed in MALT
lymphoma.

Rectal tonsil (Lymphoid follicular hyperplasia
of rectum) is a localized rectal mucosal or submu-
cosal lymphoid proliferation which may present
as slightly raised, endoscopically delineated/pol-
ypoid lesions. It may cause rectal bleeding and
can mimic a lymphomatous proliferation with
mild architectural distortion and overlying
cryptitis.

Nodular lymphoid hyperplasia (NLH) (Reac-
tive follicular hyperplasia) is characterized with
variably sized follicles with well-defined mantle
zones, brisk mitosis, and tingible body macro-
phages; architecture is preserved in contrast to
mucosal effacement or obliteration observed in
FLs. Reactive changes can be florid in ileocecal
region and appendix especially in children and
can be related with viral infection, food allergies,
or chronic constipation or accompany AIDS,
common variable immunodeficiency (CVID),
selective IgA deficiency, and Giardia lamblia

infestation especially in duodenum. BCL2 is neg-
ative in follicles of NLH, and therefore presence
of BCL2 expression can be a valuable aid in
diagnosis of a lymphoma. However, BCL2
expression is not restricted to FL and must be
carefully evaluated as reactive T-cells may also
show positivity. Similarly, CD43 should also be
cautiously interpreted in GI tract as normal B-cells
in Peyer’s patches may also be positive. Reactive
lymphoid proliferations (i.e., accompanying
appendicitis) typically present with mixed inflam-
matory background.

3. Distinguishing a large cell lymphoma from
other malignancies:

Malignant melanoma, poorly differentiated
adenocarcinoma, or myeloid sarcoma are the
major concerns, but the distinction is less trouble-
some by the aid of IHC once the possibility of
a nonlymphoid malignancy is considered.

4. Differentiating a lymphoma from benign
diseases:

NK-cell enteropathy: A recently described, rare
entity of unknown etiology, characterized with
atypical proliferation of NK-cells limited to the
GI tract (duodenum, colon, and stomach). Cellular
infiltration causes glandular architectural distortion
(in early stages) or destruction (in advanced dis-
ease). The disease course is indolent and differen-
tiated from aggressive ENKTLs by absence of
epitheliotropism, angiocentric angiodestructive
growth pattern, and EBV positivity.

Lymphoid follicular proctitis: Characterized
with rectal bleeding and endoscopically nodular
mucosa. Atypical lymphoid cells can be observed
and should not be confused with lymphoma.

CVID: Presence of NLH in duodenum espe-
cially in children should raise suspicion for CVID,
which shows paucity or absence of plasma cells.
The endoscopic appearance NLH is quite typical
with small mucosal nodular protrusions, promi-
nent especially in duodenum.

Morphology based immunphenotypical or
molecular differential diagnosis of different
types of lymphomas are given in Table 2 and
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elsewhere in different entries of this volume. Only
distinct lymphoma types exclusively encountered
in lower GI tract will be discussed herein.

Differential diagnosis of EATL andMEITL:
mainly rely on clinical background and cellular
morphology. Both are associated with enteropathic
changes and show similar ulceroinfiltrative pattern
with strictures and intestinal perforation. Clinical
course is poor in both disease with frequent recur-
rences and resistance to chemotherapy.

EATL: Common in Northern Europe, associ-
ated with coeliac/refractory coeliac disease, and
share similar HLA-DQ8, HLA-DQ2 genotype; it
is characterized by medium to large sized cells,
with irregular nuclei and prominent nuclei, necro-
sis is frequent with background inflammatory
reaction. Neoplastic cells are CD3 +, CD7 +,
TCRb �, CD8-, and CD 56 – and frequently
displays chromosomal 1q and 5q gains.

MEITL: Common in Asia, occurs sporadically,
not necessarily associated with coeliac disease,
characterized by monomorphic small, round
cells. Necrosis is rare, inflammatory reaction is
minimal. CD56 is typically positive hence for-
merly also called as “monomorphic CD56+ intes-
tinal T-cell lymphoma,” CD 8 positivity is more
common, segmental chromosomal 1q and 5q
gains are usually lacking.

ENKTL, nasal type, may show necrosis as
EATL and CD56 positivity as MEITL. But
ENKTL typically exhibit EBER positivity and
angiocentric and angiodestructive growth pattern
lacking in both types of EATLs.

Lymphomatoid granulomatosis, which primar-
ily involves pulmonary system, is also reported in
small intestine and colon. It should be differenti-
ated from ENKTL, nasal type as it is also an
angiocentric and angiodestructive lymphoproli-
ferative disorder characterized with polymor-
phous lymphoid infiltrate, necrosis,
granulomatous features, and EBV positivity. The
distinction is made by immunohistochemical
demonstration of mature CD20+ B cell popula-
tion, in a background of reactive T cells.

Differential diagnosis of IPSID includes
chronic inflammatory processes in early stages of
the disease though the distinction may even not be
possible without clonal studies for IGH chain gene

rearrangement. Coeliac disease is also listed in
differential diagnosis as both are characterized by
villous atrophy and lymphoplasmacytic infiltrate.
Immunophenotypic features, clinical, and serolog-
ical findings with response to gluten free diet favor
coeliac disease. The distinction of IPSID from
other small B-cell lymphomas is given in Tables 2
and 3.
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Synonyms

Hereditary mismatch repair deficiency syndrome;
Hereditary nonpolyposis colorectal cancer
(HNPCC) syndrome (see the “Definition”)
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Definition

Lynch syndrome is a hereditary cancer syndrome
caused by the germline mutations in DNA mis-
match repair (MMR) genes and characterized by
an increased risk of colorectal carcinoma and
extracolonic cancers.

Historically, this syndrome has been defined as
a “probable hereditary cancer syndrome” by A. S.
Warthin and H. T. Lynch in the same family in
which the members had cancers (predominantly
colorectal cancers in the absence of overt poly-
posis). Compatible with these features, this syn-
drome has been named and known as “Hereditary
nonpolyposis colorectal cancer (HNPCC) syn-
drome” for years until 1990s. Clinical criteria
known as “Amsterdam criteria” have been devel-
oped to define these cases. Based on the presence
of the germline mutations in MMR genes (see the
“Molecular Features”), which have been defined
as the cause of at least half of these hereditary
cancers, the syndrome is divided into two groups
and reclassified as (1) “Lynch syndrome (LS)”
caused byMMR gene mutations and (2) “Familial
colorectal cancer type X” with no MMR gene
mutation/unknown genetic basis. Additional clin-
ical criteria defined as “revised Bethesda criteria”
have also been proposed to select cases for genetic
screening and final diagnosis.

Clinical Features

• Incidence
LS, as the most common hereditary colorectal
cancer syndrome causes about 3% of all colo-
rectal cancers. Patients with LS have 30–74%
lifetime cumulative risk for colorectal cancer
(lifetime cumulative risk for sporadic colorec-
tal carcinoma has been calculated as 5.5%).
The risk rises higher for specific MMR genes
(e.g., 80% for MLH1 mutation carriers). Extra-
colonic cancer occurrence risk is also higher
than population (e.g., 39–50% vs. 2% for
endometrium and 7–8% vs. 1% for ovary).

• Age
Cancers associated with LS are early onset
tumors. Average presentation age ranges from

45 to 60 years for colorectal cancers and from
47 to 60 years for endometrium. Mean age at
the diagnosis can be younger for specific muta-
tions, such as 27–46 years for MLH1 mutated
patients.

• Sex
Male predominance has been observed for LS
associated colorectal cancers (lifetime cumula-
tive risk 73–66% vs. 59–43%).

• Site
Colorectal carcinoma is the most common
tumor in LS. Colonic carcinomas are mostly
seen in proximal colon. Extracolonic carcino-
mas can be seen in endometrium, ovary, stom-
ach, renal pelvis/ureter, bile ducts, pancreas,
small bowel, brain, and skin, in descending
order. Multiple metachronous or synchronous
tumors can be observed.

• Treatment
Further genetic testing and consulting is
needed for the chosen cases due to clinical
revised Bethesda criteria for LS (see the
“Molecular Features”).

Surveillance programs have been defined for
frequently seen carcinomas (colon, endome-
trium, and ovary). Relative risk for these carci-
nomas is 5.8-fold compared with the
nonmutated population. Annual colonoscopy/
gastroscopy, abdominal ultrasound, and
gynaecological examination (transvaginal ultra-
sound, and if necessary, endometrial sampling)
are recommended beginning from the age of 25
(or 10 years before the youngest tumor diagno-
sis age in the family). Surveillance programs
should continue after tumor resections because
of metachronous tumor risk. Benefit of prophy-
lactic extended/subtotal colon resection is not
greater than surveillance colonoscopy.

LS associated colon tumors do not benefit
from 5-FU including chemotherapy.
According to the guidelines, no adjuvant treat-
ment has been advised for stage II MMR defi-
cient colon carcinomas. These tumors have
higher survival rates and do not require addi-
tional chemotherapy.

• Outcome
Although they can grow larger in sizes and
have poorly differentiated histology, MMR
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deficient colonic cancers have better prognosis
with higher overall survival.

Macroscopy

LS associated colon carcinomas are mostly right
sited (located proximal to splenic flexure), macro-
scopically polypoid as bulky masses, and reaches
big dimensions. Endometrial carcinomas are
mostly located in lower uterine segment.

Microscopy

Colon cancers associated with LS are poorly dif-
ferentiated tumors, which may show mucinous
histology. Medullary carcinoma, signet-ring cell
carcinoma, and mucinous carcinoma are main
histological subtypes. Marked lymphocytic host
response (intratumoral lymphocytes and Crohn-
like lymphocytic reaction around the tumor), lack
of dirty necrosis, and pushing margin rather than
infiltrating (Fig. 1) are the main microscopic char-
acteristics for these colon carcinomas.

Immunophenotype

Because of the prognostic and predictive values,
performing MMR deficiency testing has been
advised by expert groups for all colon carcinomas.

Immunohistochemical detection of the loss of
MMR proteins is both cheap and easy way of
testing. Four MMR proteins (MLH1, MSH2,
PMS2, and MSH6) are included in the test.
Immunohistochemically, the loss of protein
expression for at least one of four proteins is
enough to diagnose the tumor as “microsatellite
instable (MSI) tumor” (see the “Molecular Fea-
tures”). Because MMR proteins are normally
expressed in nonneoplastic epithelial cells and
lymphocytes, positive nuclear expression in
these cells in the tissue is accepted as perfect
internal control during the evaluation of staining
(Fig. 2).

Molecular Features

MMR deficiency is the main molecular abnormal-
ity underlying LS. Main function of MMR pro-
teins (MLH1, MSH2, PMS2, MSH6, MSH3, and
MLH3) is to detect and repair mismatches during
DNA replication. Mutation rates on DNA
increases when MMR deficiency is present.
Microsatellites, the 1–6 base length repetitive
DNA segments, are highly prone to these muta-
tions by changes of their length and structure. This
kind of mutation is named as “microsatellite insta-
bility (MSI)” and causes defective transcription of

Lynch Syndrome, Fig. 1 Pushing margin in a poorly
differentiated tumor is seen (HE�20)

Lynch Syndrome, Fig. 2 Loss of expression for MLH1
in a MSI tumor. Scattered intratumoral lymphocytes are
expressing the protein as an internal positive control
(MLH1, IHC�40)
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tumor suppressor genes as a well-known mecha-
nism of carcinogenesis.

MMR deficiency can cause MSI by two ways:
(1) germline mutations on MMR genes and
(2) silencing ofMMR genes by hypermethylation.
The first “genetic” mechanism underlies LS asso-
ciated tumors. The second “epigenetic” one is the
cause of sporadic MSI tumors. Therefore, two
questions are needed to be answered for final
diagnosis of LS: (1) Whether the tumor is MMR
deficient or not and (2) If the MMR deficiency in
tumor is caused by a germline mutation (LS asso-
ciated tumor) or an epigenetic hypermethylation
(sporadic tumor).

Flow charts published for the diagnosis of
MMR deficiency include tests (1) Mismatch
repair immunohistochemistry, (2) microsatellite
instability testing, (3) BRAF mutation testing,
(4) MLH1 methylation testing, and (5) germline
mutation testing.

Differential Diagnosis

Identifying MMR deficient tumors is
a prerequisite in determining LS families for fur-
ther genetic testings. Thereby, genetic consulting,
surveillance programs, and prophylactic surgeries

can prevent the occurrence of multiple advanced
stage tumors in these patients.
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Malabsorption Syndrome

Arzu Ensari
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Synonyms

Insufficient absorption; Maldigestion

Definition

Malabsorption syndrome refers to the clinical pic-
ture comprising diarrhea, steatorrhea, malnutri-
tion, weight loss, abdominal pain, and anemia
due to maldigestion, mucosal/mural problems, or
infections. The small intestine is the part of the
gastrointestinal tract where much of the absorp-
tion takes place due to high surface area provided
by the villous and microvillous architecture and
numerous digestive enzymes on its surface
actively secreted to optimize uptake of dietary
substances. Malabsorption develops when mal-
function in any of these components leads to
failure of absorption of nutrients resulting from
a wide variety of causes which can be classified
into three groups: (i) maldigestion which is related
to mixing and digestive mediators; (ii) mucosal or
mural causes including celiac disease, tropical
sprue, autoimmune enteropathy, AIDS enteropa-
thy, and systemic sclerosis; and (iii) microbial

causes including bacterial overgrowth, Whipple’s
disease, and numerous infections mainly seen in
immunocompromised hosts (Table 1).

Clinical Features

• Incidence
The incidence of malabsorption varies
according to the underlying disorder. While
celiac disease has an incidence of 1%, neonatal
enteropathies are much rarer.

• Age
Age range depends on the cause of
malabsorption.

• Sex
There is no known sex predilection for
malabsorption.

• Site
The small intestine, either entirely or segmen-
tally, is affected in malabsorption by the under-
lying disorder.

• Treatment
Treatment includes replacement of nutrients
and vitamins together with the treatment of
the underlying cause.

• Outcome
The outcome also depends on the causing
illness. Once the cause is determined and
appropriate treatment is started, the
symptoms subside. However, in the neonatal
period, severe malabsorption may result
fatally.
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Macroscopy

Small intestinal mucosa either may be normal or
may show villous abnormalities described as
mosaic appearance, scalloping on endoscopy.

Microscopy

Small intestinal biopsy is an indispensable com-
ponent of the diagnostic work-up of patients with
malabsorption and/or chronic diarrhea secondary
to mucosal damage. While the majority of disor-
ders causing malabsorption produce mild to mod-
erate villus blunting and crypt hyperplasia,
histopathology varies between normal or near-
normal mucosa and completely flat mucosa
(Table 2). The recognition of mild villous blunting
is a difficult task due to biopsy artifacts such as
improper orientation of the biopsy, shallow

biopsies which lack muscularis mucosae. How-
ever, accompanying lamina propria inflammation
and/or intraepithelial lymphocytosis should
always be looked for before making a diagnosis.
The following disorders are those malabsorption
syndromes with which a small intestinal biopsy
may be diagnostic:

Whipple’s disease Lymphangiectasia

Abetalipoproteinemia Amyloidosis

Immunodeficiency syndromes Crohn’s disease

Eosinophilic gastroenteritis Intestinal lymphoma

Systemic mastocytosis Parasitic infestation

Immunophenotype

No specific immunophenotypic feature is present
for malabsorption.

Molecular Features

No specific molecular feature is present for
malabsorption.

Differential Diagnosis

Many disorders can cause malabsorption
but classically celiac disease, refractory or
collagenous sprue, tropical sprue, small intestinal -
bacterial overgrowth, intestinal lymphangiectasia,
peptic duodenitis, food allergies, graft versus
host disease, immunodeficiencies, neonatal

Malabsorption Syndrome, Table 1 Causes of
malabsorption

Maldigestion

Inadequate mixing (gastrectomy)

Insufficiency of digestive mediators (brush border
enzymes, bile salt deficiencies)

Mucosal/mural problems

Decreased mucosa (bowel resection)

Mucosal disease (GSE, tropical sprue, autoimmune
enteropathy, intestinal lymphangiectasia)

Mural disease (neuromuscular disorders, amyloidosis,
diverticula)

Immunodeficiencies (congenital ID, AIDS)

Microbial causes

Infections

Malabsorption Syndrome, Table 2 Mucosal pathology in malabsorption

Normal mucosa IELosis
Villous shortening and crypt
hyperplasia Flat mucosa
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enteropathies, autoimmune enteropathy, inflamma-
tory bowel diseases, and infections such as
Whipple’s disease, giardiasis, and cryptosporidiosis.
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Synonyms

Atrophic papulosquamous dermatitis; Degos’ dis-
ease; Fatal cutaneous-intestinal syndrome;
Köhlmeier–Degos disease; Thromboangiitis
cutaneointestinalis disseminata

Definition

Malignant atrophic papulosis (MAP) is a rare and
often lethal, vaso-occlusive disorder involving
small and medium-caliber vessels. It is character-
ized by narrowing and occlusion of the lumen by
intimal proliferation and thrombosis, which leads
to ischemia and infarction of the involved organ
systems (most commonly the skin, gastrointesti-
nal tract, and central nervous system). It was ini-
tially described by Köhlmeier in 1941 as a form of
thromboangiitis obliterans, and recognized as
a distinct vascular injury syndrome by Degos
in 1942, hence the name (Thompson and
Rosenbaum 2008).

Two variants have been described (Scheinfeld
2011). A cutaneous or benign variant, that is lim-
ited to the skin, with a relatively benign course.
A systemic or malignant variant, in which there is
a multiorgan involvement, with stereotypical skin
lesions frequently associated with infarctive
lesions of other organs, particularly the gastroin-
testinal tract, often with a fatal outcome due to
intestinal perforation.

A rare hereditary form has also been described
(Magro et al. 2011).

In many cases, the disease may occur in the
setting of known autoimmune disease such as
lupus erythematosus, dermatomyositis, sclero-
derma, and certain thrombophilic tendency states,
including factor V Leiden mutation and anti-
phospholipid antibody syndrome (Magro et al.
2011).

The benign and malignant variants are initially
clinically indistinguishable but become distinct
once systemic manifestations appear. They usu-
ally develop from weeks to years after the onset of
skin lesions, or, in rare instances, may precede the
skin lesions (Ahmadi et al. 2011).

The cutaneous lesions are usually asymptom-
atic but can cause slight burning or itching.

When gastrointestinal involvement super-
venes, patients may present with gastrointestinal
bleeding, enterocutaneous fistulae, bowel infarc-
tion, and perforation or, most frequently, with
nonspecific symptoms (e.g., abdominal pain,
fatigue, nausea, vomiting, diarrhea, or
constipation).
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Involvement of both central and peripheral
nervous systems can occur and manifestations
include strokes, headaches, epilepsy, or non-
specific neurologic symptoms (e.g., memory
loss, altered sensation).

Manifestations from involvement of other
organ systems are rare. Pleuritis, bilateral pleural
effusions, and constrictive pericarditis may occur
with involvement of the lungs and heart. Involve-
ment of the eyes can result in diplopia, blurred
vision, and visual field defects.

The underlying pathogenic mechanism
remains controversial. Several mechanisms such
as viral infection, autoimmune disease, and coag-
ulation defects have been proposed, but there is no
convincing evidence to support any single causal
factor (Thompson and Rosenbaum 2008).

Some authors hypothesize that MAP is not
a distinct disease, but instead an expression of an
underlying known autoimmune disease. Others
have classified MAP as a vasculitis, a mucinosis,
or a thrombotic disorder (Weedon 2010).

Antiphospholipid or anticardiolipin antibodies
of uncertain significance have been identified in
some patients with MAP, although in most cases,
no circulating immune complexes or anti-
endothelial cell antibodies have been isolated
(Scheinfeld 2011).

Recently, it was found that patients with MAP
have high expression of Interferon-a (IFN-a) and
prominent vascular complement component 5b-9
(C5b-9), leading to the hypothesis that complement
activation may play an important role in the patho-
genesis ofMAP (Magro et al. 2011). This concept is
further supported by the fact that eculizumab, a C5
blocker, can effectively treat systemic MAP. This
led Scheinfeld (2011) to reconsider MAP rather as
a hematological or endothelial genetic disease and
to propose a linkage with paroxysmal nocturnal
hemoglobinuria (PNH), since eculizumab has
been successfully deployed as its treatment.

Clinical Features

• Incidence
MAP is a very rare disease, with approximately
200 cases reported to date (Weedon 2010).

• Age
The disease predominantly affects young
adults, but cases have been described in infants
and children with age of onset ranging between
3 weeks of age to 67 years old (Thompson and
Rosenbaum 2008).

• Sex
A slight male predominance has been reported
but has not been substantiated. The cutaneous-
limited variant has been predominantly
reported in women (female-to-male ratio of
3:1).

• Site
The three main targeted organ systems are
skin, gastrointestinal tract, and central nervous
system. The genitourinary tract, peripheral ner-
vous system, cardiopulmonary system, eyes,
pancreas, liver, adrenals, and kidneys can also
be involved in systemic MAP. The gastrointes-
tinal tract is involved in 50% or more of cases,
and neurologic involvement occurs in approx-
imately 20% of patients. The disease is con-
fined to the skin in approximately 15% of
cases. Skin lesions tend to affect the trunk
and proximal extremities, but the palms,
soles, face, scalp, and genitalia tend to be
spared, but exceptions have been noted.
Although any portion of the intestinal system
may be involved, the small bowel is the pre-
dominantly affected one.

• Treatment
Medical treatment for MAP, whether cutane-
ous or systemic, remains to be defined.

Antiplatelet drugs, such as aspirin and
dipyridamole, may reduce the number of new
papules in patients with only skin involvement
but have not shown any consistent benefit in
systemic disease. Many other therapies,
such as plasma exchange, intravenous immu-
noglobulin, interferon 2 alpha, corticosteroids,
and other systemic immunosuppressants,
have been shown to be ineffective in
altering the course of the disease (Weedon
2010).

Eculizumab, a C5 blocker, which has been
approved for PNH, has been recently tested in
systemic MAP with promising results
(Scheinfeld 2011).
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Surgical treatment may be required for
patients who develop complications such as
gastrointestinal bleeding, intestinal infarction
and perforation, or intracranial bleeding.

• Outcome
The cutaneous-limited variant has a relatively
benign course with no significant morbidities
associated. With systemic involvement, the
reported mean survival is approximately 2–3
years, but there is a wide variation, from less
than 1 year to more than 20 years (Ahmadi
et al. 2011). The main causes of morbidity
and mortality are bowel infarction and perfo-
ration, CNS infarction and hemorrhage, and
pleuropericardial disease. Intestinal perfora-
tion is the most severe complication and the
most common cause of death.

Macroscopy

Skin lesions arise in crops of asymptomatic,
slightly raised, yellowish red papules that are
2–5 mm in diameter. Within a few days, these
papules evolve to become umbilicated, with
a porcelain-white depressed center covered with
a fine scale and surrounded by an erythematous or
telangiectatic border; these are the so-called typi-
cal atrophic papules. At presentation, most of the
papules have reached the atrophic stage
(Scheinfeld 2011).

Gastrointestinal involvement may be observed
on endoscopy, even in asymptomatic patients.
Lesions similar to those on the skin are most
often observed in the small bowel but can also
be seen in the stomach, esophagus, duodenum,
colon, and rectum. Endoscopy of the gastrointes-
tinal tract can also show infarcted lesions or
ulcers. Laparoscopy may show typical lesions
consisting of white plaques with hyperemic bor-
ders on the serosal surface of the bowel and the
peritoneum (Thompson and Rosenbaum 2008).

Microscopy

Skin biopsy is usually required for histological
diagnosis.

The histopathology observed may vary with
the evolution of the lesions.

Early lesions can demonstrate nonspecific find-
ings including a superficial and deep perivascular,
periadnexal, and perineural chronic inflammatory
cell infiltrate associated with interstitial mucin
deposition (highlighted by colloidal iron or Alcian
blue stains).

The classic mature lesion shows an atrophic
hyperkeratotic epidermis overlying an inverted,
cone-shaped area of necrosis in the dermis, with
the base parallel to the surface epithelium. This
dermal area is uniformly hypereosinophilic and
relatively acellular. More common, however,
there are edema, extensive mucin deposition,
and slight sclerosis, mimicking dermal mucinosis.
Typically, vascular damage is noted in the vessels
at the edge of the necrotic wedge. Vascular alter-
ations may be subtle and manifest as endothelial
swelling, sometimes with obliteration of the
lumen. More characteristically, intravascular
fibrin thrombi may be noted. There is also some
perivascular distribution of fibrin in the dermis.
A sparse perivascular lymphocytic infiltrate may
be seen, particularly in the middle and lower der-
mis; however, altered vessels usually lack an
inflammatory infiltrate. This feature distinguishes
MAP from other vasculitides.

Sometimes the epidermis shows focal infarc-
tion or scattered necrotic keratinocytes in addition
to the atrophy. There may also be some basal
vacuolar changes.

Panniculitis mimicking lupus erythematosus
profundus has also been described (Weedon 2010).

Similar changes are observed in the small ves-
sels on histologic examination of other affected
organs. Microscopic examination of bowel
reveals transmural intestinal inflammation with
ulceration and hemorrhage.

A study of ultrathin sections has demonstrated
that MAP is a lymphocyte-mediated necrotizing
vasculitis (Weedon 2010).

Immunophenotype

Immunofluorescence studies do not yield defini-
tive results. Fibrin is always demonstrated and
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sometimes immunoglobulins and complement,
namely, C5b-9, may be found around dermal ves-
sels or near the basement membrane (Magro et al.
2011).

Differential Diagnosis

Lesions similar to MAP have been noted in sev-
eral diseases such as systemic lupus
erythematosus, scleroderma, polyarteritis nodosa,
rheumatoid arthritis, dermatomyositis, Crohn’s
disease, and tuberculosis. Differential diagnosis
is made based on both clinic findings and
histomorphologic features. MAP is different
from other vasculitides since inflammation is
not a prominent component of the disease and
no significant immune complexes have
been found in the vessel walls. The characteristic
finding of an obliterative fibrous and mucinous
angiopathy with secondary thrombosis
affecting small- and medium-sized vessels
defines MAP as a unique vascular injury
syndrome.
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Synonyms

Anal melanoma

Definition

Anal melanoma is a rare and aggressive mucosal
melanocytic malignancy, first described byMoore
in 1857.

It constitutes 0.5–2% of all anal malignancies
and represents less than 2% of all melanomas. The
anus is the third most common site for melanoma
after the skin and the eye and is the most common
site for primary gastrointestinal melanoma.

Patients usually present with anal bleeding (the
most common complaints in 50–90% of patients),
anal or perianal mass (30%) or anal pain (10%);
they can also complain of tenesmus, change in
bowel habits, diarrhea, constipation, or inconti-
nence. If a metastatic disease is present, symptoms
may include weight loss, anemia, fatigue, groin
masses, or bowel obstruction. The average time
between the occurrence of symptoms and
a confirmed diagnosis is 5–6 months, because
patients tend to delay presentation to their doctors,
they cannot see asymptomatic lesions and symp-
toms of anal melanoma are commonly mis-
diagnosed as those of other anal lesions such as
hemorrhoids (Singer and Mutch 2006).

Because of the delay in diagnosis and the aggres-
sive nature of the disease, patients with anal mela-
noma frequently present with advanced lesions. At
the time of diagnosis, 25–40% of patients will have
ametastatic disease present in mesorectal and ingui-
nal lymph nodes, liver, lung, brain, or bones.
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Anal melanoma is staged on a clinical basis,
focusing on locoregional and distant spread.

Stage I is localized disease, stage II is localized
disease with regional lymph nodes, and stage III is
distant metastatic disease. The American Joint
Commission on Cancer has developed a staging
method based on depth of the primary tumor and
presence of metastases: T1 � 1 mm; T2
1.1–2 mm; T3 2.1–4 mm; T4 > 4 mm, and
nodal disease: N1 (single metastatic lymph
node); N2 (two to three metastatic lymph nodes);
N3 (four or more metastatic lymph nodes).

Clinical Features

• Incidence
The exact incidence of anal malignant mela-
noma is difficult to assess because of the rarity
of the disease and the lack of large published
cohorts. A sampling of cancer registries in US
cities revealed an incidence of 1.7 cases per
1 million per year.

• Age
The average age for patients with anal
malignant melanoma is 55 years, although the
range is wide, from 29 to 91 years.

• Sex
The incidence of anorectal malignant

melanoma seems to be equal between men
and women.

Although most publications do not suggest
significant gender differences, some small
series show a discrete female predominance,
perhaps with recruitment biases.

• Site
Anal malignant melanoma arises from normal
melanocytes present in the transitional mucosa
beneath the dentate line. Pathogenesis and eti-
ologic factors are still unknown.

In contrast to malignant melanomas of the
skin, a history of sun exposure does not favor
the occurrence of anal melanoma. Other known
risk factors for cutaneous melanoma such as
dysplastic nevus syndrome or xeroderma
pigmentosum have no known association with
anal melanoma. Family history of melanoma or
ethnicity do not seem to be risk factors There is

a strong association with Caucasian race, but
most series have a preponderance of Caucasian
subjects. There are some data to suggest a role for
immune factors in the development of anal mel-
anoma, because a significant rise in the incidence
was observed in young men with AIDS in San
Francisco between 1988 and 1992, without direct
implication of HIV, HHV8, or HPV viruses.

• Treatment
There are still controversies over the
therapeutic strategies in anal melanoma
(Droesch et al. 2005).

Surgery remains the mainstay of treatment.
Chemotherapy (most frequently consisting of
dacarbazine, vincristine, nimustine hydrochlo-
ride), immunotherapy (with interferon), and
radiation therapy alone have not been shown
to be effective but may provide some benefit
when used in adjuvant fashion. The most
appropriate surgical operation remains ques-
tionable: limited wide sphincter-sparing local
excision versus radical excision with
abdominoperineal resection. Meta-analysis
has failed to identify any stage-specific sur-
vival advantage of abdominoperineal resection
in comparison to sphincter-sparing wide local
excision. Abdominoperineal resection carries
the theoretical benefit of a wider excision
with mesenteric lymphadenectomy. But the
majority of patients are diagnosed at
a relatively late stage, and curative surgery is
not possible for these patients. Wide local exci-
sion offers patients a seemingly equivalent
opportunity for cure with significantly less sur-
gical mortality and morbidity, and with the
avoidance of a permanent colostomy. There
are higher local recurrences, but they do not
usually cause severe local symptoms. Recur-
rences can be treated by re-excision (some-
times with abdominoperineal resection). But
it is metastatic disease that ultimately causes
the death of most patients. Some authors rec-
ommend abdominoperineal resection only for
patients without evidence of lymph node
metastases and with small tumors, less than
2 mm thick. These patients have the best
chance of long-term survival, and therefore,
more radical surgery would be justified.
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For tumors with poor prognostic factors,
larger tumors and lymph node or visceral
metastasis, local excision may be the most
appropriate therapy to maintain local control
and to minimize morbidity. Combined
sphincter-sparing local excision and
radiotherapy is a well-tolerated approach that
provides effective local control.

Sentinel lymph node biopsy is technically
feasible in patients with anal melanoma. It
may detect clinically non-apparent groin
adenopathy, and the subsequent inguinal dissec-
tion may provide curative resection in a small
subset of patients. However, its efficacy remains
unknown and its role in the management of
patients with anal melanoma is still debated.

• Outcome
Anal melanoma has an extremely poor prog-
nosis (Heeney et al. 2011). The mean survival
time of patients is 15–25 months. Survival in
patients with recurrent or metastatic disease is
less than 10 months. Of all patients with anal
melanoma, the 5-year survival rate ranges from
15% to 35%.

There are very rare reported cases of long-
term survivors, but none had metastatic disease
at the time of diagnosis. Although approximately
70% of patients present with no detectable
metastasis, the vast majority of patients die of
distant metastasis within 2–3 years of diagnosis.

Macroscopy

Anal malignant melanoma consists of an ulcer-
ated or polypoid mass, developed in the transi-
tional zone of the anal canal. It ranges in size from
1 to 6 cm. The tumors are generally more than
1 cm thick at diagnosis. They can present as
brown-black tumors on gross examination, but
80% of the tumors are whitish and lack obvious
pigmentation on macroscopic examination.

Microscopy

The histologic features of anal melanoma
resemble those of cutaneous melanomas

(Stefanou and Nalamati 2011). The tumors may
show variable morphology such as epithelioid,
spindle-cell, desmoplastic, lymphocyte-like, or
mixed morphology. The tumors have a diffuse or
nested architecture. They consist of large or small
round or spindle cells (Fig. 1). They have an
eosinophilic or clear cytoplasm, which sometimes
contains brown-black melanin pigment, stained
with the Fontana stain (Fig. 2). Tumors cells
have enlarged nuclei, often with marked nuclear
pleomorphism, with a vesicular or dense chroma-
tin and often prominent eosinophilic nucleoli.
Multinucleated cells can be seen. There is varied
mitotic activity with sometimes abnormal mito-
ses. The stroma may contain numerous lympho-
cytes. The tumors invade the anal wall and can
show tumor necrosis, vascular invasion, and peri-
neural invasion. Most tumors show a junctional
component adjacent to the invasive tumor in the
anal epithelium with nests of tumor cells or iso-
lated tumor cells migrating into the squamous
epithelium.

Very rare cases of anal melanoma have been
identified during the routine pathology examina-
tion of a hemorrhoidectomy specimen.

The most important histoprognostic factors are
perineural invasion and the tumor thickness,
which can be identified on the preoperative biopsy
and therefore may be useful when deciding the
most appropriate surgical therapy. Patients with
tumors less than 2-mm thick seem to have a better
prognosis. Primary tumor size superior to 10 mm

Malignant Melanoma, Anus, Fig. 1 Anal melanoma,
invading the glandular anorectal mucosa
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has an association with a shorter disease-specific
survival.

Immunophenotype

On immunohistochemistry, tumor cells stain
positive for conventional melanoma markers such
as S100 protein, HMB-45, Mart-1/Melan-A, and
vimentin (Fig. 3). In rare cases, some tumor cells
can stain positive for polyclonal CEA,
pancytokeratin, and EMA. In 40% of anal
melanomas, tumor cells show diffuse and strong
CD117 expression, but this positive staining does
not correlate with the mutation status of the
KIT gene.

Molecular Features

Molecular features of anal melanomas are still
unclear. Unlike cutaneous melanomas, anal
melanomas rarely show BRAF mutations. BRAF
mutations are found only in 5% of cases, and are
usually not located in exon 15, where the
substitution V600E is found as in cutaneous
melanomas. BRAF inhibitors do not seem to be
efficient in the treatment of anal melanomas.

In anal melanomas, there is an increased
prevalence of activating KIT mutation, seen in
15–20% of cases (Ni et al. 2012). The c-kit protein
receptor plays an important role in melanocyte
development and proliferation. This subset of
anal melanomas with activating KIT mutations,
an uncommon mutation in cutaneous
melanomas, could respond to KIT inhibitors.
However, there is no correlation between the
mutation status and immunohistochemical
CD117 expression. The treatment of anal
melanomas with tyrosine kinase inhibitors should
be based on c-kit mutation status rather than on
protein expression level.

Differential Diagnoses

Metastatic melanoma to the anal canal is
exceedingly rare. Cutaneous melanoma metasta-
sizes to the gastrointestinal tract in only 2% of
cases, and only 2% of these metastases are located
in the ano-rectum. However, clinical data and, on
microscopic examination, the presence of
a junctional component adjacent to the invasive
tumor help to confirm the diagnosis of primary
malignant melanoma of the anal canal.

Anal malignant melanomas are often
amelanotic and on microscopic examination
consist of a poorly differentiated tumor,
composed of sheets of large round tumor cells
with marked nuclear atypia. Immunohistochemis-
try with positive staining for melanoma markers
(S100 protein, HMB-45, and Melan-A) permits to
differentiate anal melanoma from other poorly
differentiated tumors of the anal canal, such as
poorly differentiated basaloid carcinoma or
extremely rare anal malignant lymphoma.

Malignant Melanoma, Anus, Fig. 2 Anal melanoma,
with pigment stained on Fontana

Malignant Melanoma, Anus, Fig. 3 Anal melanoma.
Tumor cells strongly express Melan-A
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Synonyms

Gastroesophageal lacerations; Mallory-Weiss
tears

Definition

Mallory-Weiss lacerations are mucosal or submu-
cosal longitudinal tears that occur at the gastro-
esophageal junction or gastric cardia. These
lacerations may cause upper gastrointestinal
bleeding from submucosal blood vessels
(Mallory-Weiss syndrome). They were first
described in 15 alcoholic patients with persistent
retching and vomiting (Mallory and Weiss 1929).

While the pathogenesis is not completely
understood, it appears that any action leading to
a sudden rise in intra-abdominal pressure and
gastric prolapse or intussusception into the

esophagus may cause a Mallory-Weiss laceration.
Besides retching and vomiting, other precipitating
factors include coughing, straining, convulsions,
hiccups, blunt abdominal trauma, and cardiopul-
monary resuscitation. Iatrogenic tears can result
from procedures like upper gastrointestinal endos-
copy and transesophageal echocardiography.
Colonoscopic preparation with polyethylene gly-
col electrolyte solution has also been reported as
a risk factor. In some cases, no precipitating event
is identified.

The presence of a hiatal hernia and chronic
alcoholism seem to be frequent predisposing
conditions. Different series have found hiatal her-
nias in 40–100% of patients with Mallory-Weiss
lacerations. During retching or vomiting, the
shearing force on the gastroesophageal junction
and proximal stomach is maximized by a hiatal
hernia, where a higher transmural pressure gradi-
ent is generated compared to the rest of the stom-
ach, subsequently increasing the risk for mucosal
injury. A history of alcoholism has been described
in 40–80% of patients with Mallory-Weiss syn-
drome. This strong association can be explained
not only by the increased occurrence of vomiting
episodes but also due to portal hypertension and
coagulopathy, which often lead to more severe
bleeding and subsequent higher detection rate of
the lacerations. Some studies describe the use of
antiaggregant or nonsteroidal anti-inflammatory
drugs as a potential predisposing factor. Eating
disorders have also been associated with
Mallory-Weiss lacerations.

Patients with Mallory-Weiss syndrome usually
present with hematemesis following retching or
non-bloody vomiting. In 25–30% of cases no
apparent precipitating factor is recognized. The
bleeding is usually self-limited but may be mas-
sive in up to 10% of patients. If severe blood loss
occurs, patients may present with hematochezia,
syncope, and signs of hemodynamic instability
like tachycardia, orthostatic changes, hypoten-
sion, or shock.

Endoscopy is the procedure of choice for the
diagnosis and eventual therapy of Mallory-Weiss
lacerations. It also plays an important role in
ruling out other causes of upper gastrointestinal
bleeding that may coexist, such as peptic ulcer
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disease or erosive esophagitis. It should be
performed early, after assessing the patient’s hemo-
dynamic status and initiating volume reposition if
necessary. Most patients present a single, red, lon-
gitudinal laceration, 2–3 cm in length, located in the
gastroesophageal junction, usually extending dis-
tally within a hiatal hernia along the lesser curvature
of the cardia. The adjacent mucosa is usually nor-
mal. Multiple tears can be identified in a minority of
patients. A careful inspection of the cardia, includ-
ing a retroflexed endoscopic view, is essential not to
miss any lesions. Mallory-Weiss lacerations can
present with diverse bleeding stigmata, including
a fibrin crust, adherent clot, oozing, or active
spurting. Spontaneous healing can occur in less
than 48 h. The diagnosis can be missed if the initial
endoscopy is delayed.

Clinical Features

• Incidence
The true incidence ofMallory-Weiss lacerations
is hard to establish. The condition accounts for
an estimated 1–15% of patients presenting with
upper gastrointestinal bleeding. However,
patients do not usually seek medical care unless
bleeding occurs, leading to a significant propor-
tion of unrecognized lacerations. One study
reported an incidence of 0.06% in patients
receiving colonoscopic preparation with poly-
ethylene glycol electrolyte solution. A national
survey of the American Society for
Gastrointestinal Endoscopy estimated an inci-
dence of 0.13% following gastroscopy.

• Age
Mallory-Weiss lacerations can occur at any age.
Most series report a median age in the fifth and
sixth decades of life, but there have been several
case reports of Mallory-Weiss syndrome among
infants. There is some evidence suggesting that
increasing age might be a predisposing factor
due to atrophy of the gastric mucosa and subse-
quent increased susceptibility to injury.

• Sex
Most series report a higher incidence of
Mallory-Weiss syndrome among men, with
rates as high as 6:1.

• Site
Mallory-Weiss lacerations occur in the
gastroesophageal junction or gastric cardia,
more frequently along the lesser curvature of
the stomach.

• Treatment
After an initial hemodynamic status evalua-
tion, resuscitative measures should be
implemented as appropriate (fluid, blood
replacement) and endoscopy performed
promptly. Precipitating factors, such as
vomiting, should be addressed with specific
drugs (e.g., antiemetic drugs). Mallory-Weiss
lacerations with a clean base, fibrin crust, or flat
spots have a minimal risk of rebleeding and do
not require endoscopic treatment. Stigmata like
a nonbleeding visible vessel or adherent clot
are not usually treated, unless associated with
coagulopathy or a rebleeding episode. Endo-
scopic hemostatic therapy is the first-line treat-
ment of actively bleeding Mallory-Weiss
lacerations. Many different methods have
been reported to achieve successful hemosta-
sis. No consensus exists as to the best endo-
scopic treatment for Mallory-Weiss syndrome.
The choice depends mainly upon local avail-
ability, practice, and experience.

Injection therapy has been used solely or in
combination with other methods. Epinephrine
(1:10,000–1:20,000 dilution) causes edema
and vasoconstriction and reduces or stops
bleeding when injected around the bleeding
point. Many authors recommend an associa-
tion with other therapeutic modalities, such as
thermal therapy or hemoclip placement, in
order to minimize the risk of rebleeding. Due
to potential cardiovascular complications, the
use of epinephrine should be avoided in
patients with significant cardiovascular risk.
Ethanol, polidocanol, and other sclerosants
have also been demonstrated to achieve suc-
cessful hemostasis. Serious complications like
tissue necrosis and perforation have been
reported, leading to some authors not
recommending its use. Sclerotherapy might
play a role in the management of Mallory-
Weiss lacerations in patients with portal hyper-
tension and esophageal varices.
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Among the thermal contact therapies,
bipolar or multipolar electrocoagulation is the
most widely used. As opposed to peptic ulcer
disease, a lower power setting (14–16 W) and
shorter pulses (1–2 s) are generally applied due
to increased risk of esophagic perforation and
smaller artery size. Argon plasma coagulation
is a noncontact electrocoagulation method
which uses high-frequency energy delivered
to tissue through an ionized gas (argon
plasma). It has been proved to be safe and
effective in achieving hemostasis in acute
non-variceal upper gastrointestinal bleeding
from different causes, including Mallory-
Weiss lacerations. To minimize the risk of
esophagic perforation, the power output
should not exceed 40–45 W and the gas flow
rate 1 L/min.

The efficacy and safety of endoscopic band
ligation has been addressed in a small study of
37 patients with Mallory-Weiss syndrome. The
technique achieved successful hemostasis in 36
patients with no recurrent bleeding, perforation,
or other significant complications occurring in
these. One patient with severe liver failure and
disseminated intravascular coagulation had
a fatal outcome (Higuchi et al. 2006). In another
small, randomized, prospective trial, no signifi-
cant difference was detected in the efficacy or
safety of band ligation when compared with
epinephrine injection for the treatment of
actively bleeding Mallory-Weiss syndrome.
Like sclerotherapy, band ligation should be con-
sidered in the treatment of Mallory-Weiss lacer-
ations in patients with portal hypertension and
esophageal varices.

Endoscopic placement of hemoclips can
also achieve hemostasis in actively bleeding
Mallory-Weiss lacerations. Hemoclips can tar-
get a specific bleeding point or be deployed in
order to join the laceration margins, from the
distal to the proximal end. A small study of 26
patients with Mallory-Weiss lacerations with
active bleeding, visible vessels, or adherent
clots treated with endoscopic hemoclipping
showed technical success in all cases, with no
complications, recurrent bleeding, or deaths
occurring. Follow-up endoscopy showed no

evidence of hemoclip-induced tissue injury
(Yamaguchi et al. 2001).

Most patients withMallory-Weiss lacerations
stop bleeding spontaneously. Those presenting
with actively bleeding lacerations on endoscopy
usually respond to endoscopic hemostatic ther-
apy. Rare refractory cases might benefit from
interventional radiology (selective vasopressin
infusion or arterial embolization) or surgery.
Some authors do not recommend esophageal
balloon tamponade as the radial force it exerts
might widen the laceration.

Following the initial endoscopy and
eventual hemostatic therapy, it is important to
address the risk of rebleeding and the optimal
observation or hospitalization period. Portal
hypertension, coagulopathy, initial shock, and
active bleeding at endoscopy have been iden-
tified as major risk factors for rebleeding. Most
rebleeding episodes occur during the first 24 h.
In the absence of rebleeding risk factors, signs
of severe bleeding (e.g., hematochezia, hemo-
dynamic instability), or active bleeding at
endoscopy, a brief hospitalization period of
24 h is usually enough in the management of
Mallory-Weiss lacerations. Patients with clini-
cal risk factors for rebleeding and nonbleeding
endoscopic stigmata should be observed for
a longer period, around 48 h. Patients with
actively bleeding lesions should be treated
with endoscopic therapy and hospitalized for
at least 48 h (Bharucha et al. 1994).

Most authors suggest the use of acid-
suppressive therapy (e.g., proton pump inhibi-
tors) or cytoprotective agents (e.g., sucralfate)
for a few weeks, assuming that it enhances the
healing of the laceration by protecting against
deleterious factors such as acid and pepsin.
However, the benefit of such practice in the
prevention of rebleeding in Mallory-Weiss syn-
drome has never been demonstrated.

• Outcome
The Mallory-Weiss syndrome has an excellent
prognosis. In 80–90% of patients, lacerations
stop bleeding and heal spontaneously. Endo-
scopic therapy achieves hemostasis in almost
every patient presenting with actively bleeding
lacerations. However, massive bleeding can
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occur in up to 10% of patients, and some series
report mortality rates as high as 9.7%.
Advanced age, shock on arrival, lower hemo-
globin level, more prolonged prothrombin
time, higher AST and ALT levels, detection
of exposed vessels on endoscopy, rebleeding,
longer hospital stay, and larger volume of
blood transfusion were found to be more com-
mon in patients with a fatal outcome (Fujisawa
et al. 2011). Recurrence of bleeding is uncom-
mon. Precipitating factors (e.g., alcoholism,
eating disorders) should be addressed in order
to minimize the risk of rebleeding.

Macroscopy

Mallory-Weiss lacerations usually present as
a single, red, longitudinal tear, 2–3 cm in length
and few millimeters in width, located in the gastro-
esophageal junction. It is frequently associated
with a hiatal hernia. Unlike other causes of distal
esophagic mucosal disruption, like erosive esoph-
agitis, Mallory-Weiss lacerations are usually
surrounded by normal appearing mucosa. Some
patients may present with multiple tears (Fig. 1).

Differential Diagnosis

Bleeding from a Mallory-Weiss laceration is
usually suspected following a typical presenta-
tion, and the diagnosis made upon endoscopy.
When atypical features are present, it is important
to distinguish it from other esophageal conditions.
Spontaneous perforation of the esophagus follow-
ing severe retching or vomiting (Boerhaave’s syn-
drome) usually presents with intense retrosternal
chest and upper abdominal pain. Evidence of
mediastinal or free peritoneal air on plain chest
radiography suggests the diagnosis which can be
confirmed by CT scan. Endoscopy should be
avoided due to the increased risk of extending
the perforation with the endoscope and air insuf-
flation. Ulcerative diseases of the esophagus,
including reflux esophagitis, infectious esophagi-
tis, pill-induced ulcers, or esophageal Crohn’s
disease, are usually easily distinguished from
Mallory-Weiss lacerations due to the different
patterns of esophagic involvement.
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severe vomiting
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Meckel’s Diverticulum

Cord Langner
Institute of Pathology, Medical University
of Graz, Graz, Austria

Definition

Within the gastrointestinal tract, true diverticula are
out-pouchings that contain all layers of the bowel
wall. False diverticula (pseudo-diverticula) are
out-pouchings of the mucosa and submucosa
emerging through the muscularis propria. While
true diverticula are mainly congenital, most
pseudo-diverticula are acquired.

Meckel’s diverticulum is a true congenital
diverticulum of the small bowel, caused by the
incomplete obliteration of the omphalomesenteric
(vitelline) duct. In embryonic life, the
omphalomesenteric duct connects the yolk sac to
the intestinal tract. It usually obliterates within the
5–7th week of gestation. If the obliteration fails,
different congenital anomalies develop, leading to
residual fibrous cords, umbilical sinus,
omphalomesenteric fistula, and, most commonly,
Meckel’s diverticulum.

Fabricius Hildanusmade the earliest description
of the anomaly in 1598. However, it was not until
1809 that the histogenesis of the lesion was cor-
rectly identified by the German anatomist Johann
Friedrich Meckel, the Younger, (1781–1833;
Fig. 1), giving rise to its present name.

Clinical Features

• Incidence
Congenital malformations of the gastrointesti-
nal tract account for approximately 6% of all
congenital anomalies. Of these, Meckel’s
diverticulum is the most common. According
to a recent extensive literature review, the prev-
alence is 1.2%.

• Sex
The occurrence in males and females is equal,
but the incidence of complications is higher

in males (see Symptoms). In a systematic anal-
ysis of the Mayo Clinic experience with the
anomaly (based on 1,476 individuals), the
male-to-female ratio for symptomatic disease
was approximately 3:1 in both the adult (72%
vs. 28%) and in the pediatric (72% vs. 28%)
population. In asymptomatic cases, the ratio
was also approximately 3:1 in the pediatric
population (73% vs. 27%), yet lower in the
adult population (58% vs. 42%).

• Site
The anomaly is typically located in the
terminal ileum, 60–100 cm from the ileocecal
valve in adults, and 30–90 cm in children.
Rarely, the anomaly has been described to
occur in the jejunum, and anecdotally in the
rectum.

Meckel’s Diverticulum, Fig. 1 Johann Friedrich
Meckel, the Younger, (1781–1833), from the Archives of
the Department of Anatomy and Cell Biology, Martin
Luther University Halle-Wittenberg, Germany (with
permission; UKH/Norbert Kaltwasser)
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• Symptoms
In most cases, Meckel’s diverticulum is clini-
cally silent and may be detected incidentally
during an abdominal procedure. Symptoms
occur in 4–6% of cases, the incidence decreas-
ing with age. Clinical and/or anatomical fea-
tures that have been associated with
symptomatic disease generally include
younger age, male gender, diverticulum length
exceeding 2 cm, and presence of histologically
abnormal tissue, particularly gastric hetero-
topia (see Microscopy).

In symptomatic cases, the most common
presentations are lower gastrointestinal bleed-
ing (ranging from positive fecal occult blood
test to massive acute blood loss with hemody-
namic compromise), diverticulitis (possibly
due to obstruction by enteroliths, parasites, or
foreign bodies), and mechanical obstruction of
the small bowel. The latter may be due to
intussusception or volvulus. Axial torsion
with subsequent gangrene has been identified
as another possible complication.

Rarely, neoplastic tumor growth may
develop within a Meckel’s diverticulum. Neu-
roendocrine tumors (carcinoids) account for
the majority of cases, but conventional adeno-
carcinomas, mesenchymal tumors such as gas-
trointestinal stromal tumors (GISTs) and
leiomyosarcomas, as well as malignant lym-
phomas have also been reported. According
to a recent analysis of the Surveillance, Epide-
miology, and End Results (SEER) database,
the adjusted tumor risk is at least 70 times
higher compared to any other ileal sites, iden-
tifying Meckel’s diverticulum to be a “hot-
spot” or high-risk area for cancer in the ileum.

• Treatment
A symptomatic Meckel’s diverticulum is
treated by surgical resection. The management
of a Meckel’s diverticulum which is
incidentally detected during an abdominal pro-
cedure is less clear. According to a recent
extensive literature review, prophylactic resec-
tion of an asymptomatic Meckel’s
diverticulum during surgery cannot be
recommended, because this significantly
increases the risk of postoperative

complications. In several studies, the long-
term outcome of patients with incidentally
detected Meckel’s diverticulum left in situ has
shown no complications. In all, 758 patients
would require resection of their asymptomatic
diverticulum to prevent 1 death from the
anomaly.

Macroscopy

In 90% of cases, Meckel’ diverticulum is found at
the antimesenteric border of the small bowel
(Fig. 2). On average, the anomaly is 2.9 cm long
and 1.9 cmwide, but “giant”Meckel’s diverticula,
their length exceeding 10 cm, have been
described. Meckel’s diverticulum has its own
blood supply, known as the vitelline artery.

Microscopy

As a true diverticulum, Meckel’s diverticulum
contains all layers of the bowel wall. The lumen
is lined by ileal type mucosa as in the adjacent
small bowel. In approximately 50% of cases, het-
erotopic (ectopic) tissue is present, the most com-
mon being gastric oxyntic type mucosa (23–50%;
Figs. 3 and 4) and pancreatic tissue (5–16%;
Figs. 3 and 5). Other heterotopic tissues, such as
colonic, duodenal, hepatic, and endometrial
mucosa, are rare. In symptomatic cases, acute

Meckel’s Diverticulum, Fig. 2 Operation specimen
showing a Meckel’s diverticulum at the antimesenteric
border of the terminal ileum
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and/or chronic inflammatory changes of varying
degree may be observed (“diverticulitis”).

Differential Diagnosis

Meckel’s diverticulum has to be differentiated
from ileal duplication which does not have
a separate blood supply and usually lacks
communication with the bowel lumen. False
diverticula (pseudo-diverticula) are very rare in
the small bowel. They mainly occur in the
jejunum.
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Ménétrier’s Disease

Chella R. S. van der Post
and J. Han van Krieken
Department of Pathology, Radboud University
Medical Center, Nijmegen, The Netherlands

Synonyms

Giant hypertrophic gastritis; Giant mucosal rugae;
Hyperplastic gastropathy;Hyperplastic/Hypertrophic

Meckel’s Diverticulum, Fig. 3 Histological overview of
a Meckel’s diverticulum with heterotopic gastric oxyntic
type mucosa (arrows) and intramural heterotopic pancre-
atic glands (asterix)

Meckel’s Diverticulum, Fig. 4 High magnification of
heterotopic gastric oxyntic type mucosa (same case as Fig. 3)

Meckel’s Diverticulum, Fig. 5 High magnification of
heterotopic pancreatic glands (same case as Fig. 3)
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gastritis; Hypoproteinemic hypertrophic
gastropathy; Protein-losing gastropathy

Definition

Ménétrier’s disease is a rare form of acquired
gastropathy involving the gastric fundus and
corpus and is characterized by gastric rugal hyper-
trophy, protein-losing gastropathy, and an
increase of gastric luminal pH (hypochlorhydria).

Ménétrier’s disease is considered to be a rare
acquired disorder of uncertain etiology. It was first
described in 1888 by Pierre Ménétrier, a French
pathologist who observed enlarged gastric folds
during autopsies. Sporadic case reports were
described in the following decennia; in most
adult cases, an initial pathogenic agent or event
could not be determined. A break-through in
the pathogenesis was the finding of
local overproduction of transforming growth
factor-alpha (TGF-a), resulting in enhanced epi-
dermal growth factor receptor (EGFR) signaling
in the gastric mucosa. TGF-a is a potent mitogen
that binds and activates the tyrosine kinase of
EGFR that stimulates gastric growth and inhibits
gastric acid secretion. In patients with Ménétrier’s
disease, enhanced immunoreactivity for TGF-a
has been showed in their expanded surface
mucous cell compartment and, furthermore, trans-
genic mice that overproduce TGF-a in the stom-
ach have many features of Ménétrier’s disease,
including foveolar hyperplasia, increased mucin
content, decreased chief cell and parietal cell
mass, and reduced acid production. The precise
underlying molecular defect resulting in the local
gastric upregulation of TGF-a is unknown. The
childhood form of Ménétrier’s disease has been
associated with CMV infection.

Clinical Features

Ménétrier’s disease has a progressive clinical
course, with typical symptoms being epigastric
pain, nausea, vomiting, hematemesis, diarrhea,
asthenia, anorexia, and peripheral edema. Bio-
chemical features that are frequently seen include

anemia, hypoproteinemia, hypochlorhydria, and
increased gastric mucus. The anemia is caused
by gastric blood loss. The increase of gastric
luminal pH, hypochlorhydria, can be explained
by the significant reduction in parietal cells and
directly by inhibition of acid secretion in parietal
cells through TGF-a signaling. There are usually
normal serum gastrin levels. The hypoacidity can
also be partly caused by the buffering capacity of
the large amount of secreted mucus. Generalized
peripheral edema is often seen secondary to pro-
tein loss through the gastric mucosa due to wider
tight junctions with resultant low serum
albumin (<35 g/L). The diagnosis of Ménétrier’s
disease is based on clinical, endoscopic, and
histopathological criteria and may at times be
difficult to establish. Familial occurrence of
Ménétrier’s disease is very rare and has been
reported only in few instances. The disease
shows similar clinical and pathologic features in
children; however, many children have a history
of recent respiratory infection, peripheral blood
eosinophilia, and cytomegalovirus infection.

• Incidence
Exact incidence is unknown; Ménétrier’s dis-
ease has been considered a rare disorder, with
only a few hundred reported cases in the
literature.

• Age
It has been described in children and adults.
The average age is around 55 years; most
patients are between 30 and 60 years of age.

• Sex
There is sex predominance for men, with
a male–female ratio of approximately 3:1.

• Site
Enlarged rugae in Ménétrier’s disease charac-
teristically involve the corpus and fundus of
the stomach, without involvement of the
antrum. However, in rare instances and in
children, the antrum may also be involved.

• Treatment and Outcome
The disease course has usually a chronic
course, with an unfavorable prognosis.
Many patients require primarily supportive
care with high-protein diet, intravenous
albumin infusions, and sometimes pain
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medication. Various treatments reported for
adult patients include Helicobacter pylori erad-
ication, prednisone, antibiotics, non-steroidal
anti-inflammatory drugs, anticholinergic agents,
and octreotide therapy; however, the benefits of
each treatment are not known and not evaluated
in a clinical trial. The only definitive treatment
was, until recently, total gastrectomy. Due to the
discovery of increased TGF-a production in
patients with Ménétrier’s disease, a possible
treatment has been published using cetuximab,
a monoclonal antibody to EGFR, and showed
significant and biochemical improvements in
patients.

Patients withMénétrier’s diseasemay have an
increased risk of developing gastric carcinoma;
however, this is subject to debate. Approximately
15% of cases described in the literature have
been associated with carcinoma.

In contrast to adults, in children, CMVinfec-
tion has been frequently implicated and the dis-
ease shows an abrupt onset and a self-limited
course, generally lasting only several weeks. In
children, CMV should be suspected when pre-
senting with protein-losing gastropathy. Detec-
tion of CMVcan be best done in a gastric biopsy
sample by immunohistochemical staining and
PCR for CMV. Most pediatric patients recover
spontaneously or with supportive care such as
intravenous albumin infusions. Rarely, anti-
viral-specific therapy is required.

Macroscopy

At upper endoscopy, large amounts of thick mucus
and diffusely enlarged gastric folds are seen
(Fig. 1). Most striking are these giant polypoid
mucosal folds of 1–3 cm in thickness in the gastric
corpus and fundus with typical antral sparing. The
large gastric folds resemble spongy, cerebral gyri.
In children, the antrum is often involved.

Microscopy

Ménétrier’s disease is characterized by expansion
of mucous epithelial cells that constitute normally

the surface mucous cell compartment. Micro-
scopic features include elongation and tortuosity
or a corkscrew appearance of gastric foveolar
epithelium lined by mucous cells giving marked
thickening of the mucosa. There is often cystic
dilatation of the superficial and deeper mucous
glands that may resemble gastritis cystica poly-
posa. The oxyntic glands are usually reduced and
replaced by mucous glands (Fig. 2). In normal
gastric mucosa, the pit to gland ratio is about
1:4, but in Ménétrier’s disease, this ratio can be
reversed as the surface mucus cell compartment
expands to occupy nearly the entire mucosal
thickness. A hypertrophic muscularis mucosa
can be seen with smooth muscle bundles
extending into the lamina propria. Intestinal meta-
plasia or dysplasia is usually not encountered.
Inflammation can be variable and even absent.
There is often some minor, predominantly eosin-
ophilic inflammation in the lamina propria with
small clusters of eosinophils. Since the enlarged
mucosal folds are subject to erosion, there can be
some superficial ulceration with granulation tissue
and some influx of neutrophils in the lamina pro-
pria. The combination of ulceration with atypical
enlarged gastric folds can raise the suspicion of
carcinoma to the endoscopist. It may be very
difficult or even impossible for pathologists to
diagnose Ménétrier’s disease at small biopsies of

Ménétrier’s Disease, Fig. 1 Formalin-fixed gastrectomy
resection specimen opened along the greater curvature.
Most striking are the giant polypoid mucosal folds in the
gastric corpus and fundus resembling cerebral gyri. The
antrum has a relatively normal appearance
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the gastric mucosa. Therefore, it is important that
the pathologist receives full clinical data and con-
siderations of endoscopy findings with deep or
full-thickness gastric mucosal biopsies in order
to consider this diagnosis.

Immunophenotype

The foveolar epithelial cells contain diastase-
resistant PAS-positive neutral mucin, comparable
with normal stomach, and only minor changes in
the distribution of themucin proteins usingMUC1-
MUC7 are reported. Routine haematoxylin- and
eosin-stained slides are sufficient for pathological
evaluation and to distinguish Ménétrier’s disease
from other diseases. Ki-67may show an increase in
the number of proliferating cells in the progenitor
zone. In children, immunohistochemical staining
for CMV can be performed.

Molecular Features

In children with negative immunohistochemical
staining for CMV, PCR in a gastric biopsy sample
for CMV can be performed.

Differential Diagnosis

The gross appearance of Ménétrier’s disease can
mimic Zollinger-Ellison syndrome, hyperplastic

polyps, gastric lymphoma, diffusely infiltrative
signet ring carcinoma, H. pylori lymphocytic gas-
tritis, CMV gastritis, granulomatous gastritis,
eosinophilic gastritis, and gastric polyposis such
as Cronkhite-Canada syndrome. The histological
differential diagnosis includes gastritis cystica
polyposa/profunda, hyperplastic chronic active,
lymphocytic, or allergic gastroenteritis. Espe-
cially on biopsies, the microscopic features are
indistinguishable from a gastric hyperplastic
polyp and endoscopic correlation is required.
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Microscopic Colitis
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Synonyms

Collagenous colitis; Lymphocytic colitis

Definition

Microscopic colitis is an umbrella term for two
major entities known as lymphocytic (LC) and

Ménétrier’s Disease, Fig. 2 Gastric corpus shows dif-
fuse hyperplasia of foveolar epithelium. There is loss of
oxyntic mucosa

Microscopic Colitis 499

M



collagenous colitis (CC). The term microscopic
colitis (MC) describes a clinical pathological entity
characterized by three elements: (a) a clinical his-
tory of chronic watery (non-bloody) diarrhea, (b)
a normal or almost normal endoscopic appearance
of the colon, and (c) a distinct histologic pattern.
The latter can be either that of collagenous colitis
(CC) or that of lymphocytic colitis. Therefore, the
term microscopic colitis could be applied only
from the endoscopic point of view in the presence
of normal or almost normal endoscopic examina-
tion. Both LC and CC are clinically characterized
by chronic watery diarrhea, while other conditions
with normal endoscopy and abnormal histology
may have other clinical characteristics. The patho-
genesis is still not completely understood and prob-
ably multifactorial. It is suggested to represent
a specific mucosal response, in susceptible individ-
uals to various noxious luminal agents. These can
be drugs, enteric infections, or others.

Clinical Features

• Incidence
The incidence of MC varies between 1 and 3
per 100,000.

• Age
It is common in middle aged or elderly.

• Sex
Though there are reports of female predomi-
nance, both sexes are nearly equally affected.

• Site
The entire colon may be involved in MC in
a patchy manner. It is important that clinicians
submit multiple biopsies from the right and left
colon when assessing for the presence of
microscopic colitis since left colon may be
spared in some cases.

• Treatment
Most patients respond to symptomatic or anti-
inflammatory therapy.

• Outcome
MC is a remitting and exacerbating disorder. In
some patients spontaneous recovery can be
seen, while others may require 5-ASA com-
pounds or immunosuppressants. The overall
prognosis is good.

Macroscopy

Endoscopy is normal or near normal with
erythema and erosions.

Microscopy

Overlap between CC and LC occurs and has been
reported in up to 30% of patients in some series.
This overlap may show two patterns: one pattern
is the finding of patients who have some biopsies
demonstrating lymphocytic colitis and others
showing collagenous colitis from the same endo-
scopic examination. The other pattern of overlap
is seen in patients who have had one form of the
disease, for example, lymphocytic colitis, for
many years and then develop collagenous colitis
in subsequent biopsies. Several variants of MC
have been described (Table 1). The clinical pre-
sentation is usually similar but the histology is
different.

Microscopic Colitis with Giant Cells
This is a recently described rare atypical form of
microscopic colitis characterized by the presence
of multinucleated giant cells in an otherwise clas-
sic microscopic colitis. Clinically, all of the
reported cases are female patients who presented
with persistent watery, bloodless diarrhea. Colo-
noscopy was macroscopically normal and the

Microscopic Colitis, Table 1 Histopathological variants
of microscopic colitis

Variant

Collagenous colitis

Classic CC

Pseudomembranous CC

CC with giant cells

CC with IBD-like features

Lymphocytic colitis

Classic LC

Cryptal LC

Paucicellular LC

LC with giant cells

LC with IBD-like features

Granulomatous microscopic colitis

Microscopic colitis-NOS
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biopsies revealed the histopathological features of
classic lymphocytic or collagenous colitis with
scattered subepithelial multinucleated giant cells.
No granulomas were seen and there was no evi-
dence of Crohn’s disease. The reason for the giant
cell formation is unknown. One plausible hypothe-
sis is that this represents a foreign-body reaction to
a luminal agent. Themultinucleated giant cells prob-
ably arise from fusion of the mucosal macrophages,
but it is not clear why this fusion occurs in only
a small subset of patients with microscopic colitis.

Microscopic Colitis with Granulomatous
Inflammation
This is an atypical form of microscopic colitis
with a conspicuous granulomatous reaction.
Four such cases have been reported and in all the
main symptom was frequent watery diarrhea, all
patients were female, and the only endoscopic
finding was mild mucosal erythema. In all cases
Crohn’s disease was excluded on clinical grounds
and by radiologic examinations. Histologically,
an active chronic inflammatory infiltrate was
accompanied by scattered crypt abscesses and
non-necrotizing granulomas, often closely associ-
ated with crypt epithelium (i.e., cryptolytic or
pericryptal granulomas). However, neither epithe-
lial lymphocytosis nor subepithelial collagen
deposition was present.

Microscopic Colitis with Inflammatory Bowel
Disease-Like Histologic Features
One of the distinguishing features between micro-
scopic colitis and inflammatory bowel disease
(IBD) is the lack of architectural distortion in the
former. However, it is now well established that
several IBD-like histologic features, such as
active crypt inflammation, surface erosion or
ulceration, Paneth cell metaplasia, and crypt
architectural irregularity, may occur in patients
with either lymphocytic or collagenous colitis.

Immunophenotype

In LC immunohistochemical analysis shows
that the increased IELs retain the normal CD3/
CD8-positive T cell phenotype. The predominant

cell type in the lamina propria is the CD4-positive
T-helper cell. The collagen band consists predom-
inantly of type VI collagen and tenascin, with lesser
amounts of collagen type I and III in CC.

Molecular Features

No specific molecular feature has been reported.

Differential Diagnosis

The differential diagnosis comprises of inflamma-
tory bowel disease (ulcerative colitis and Crohn’s
disease), infective colitis, and drug reactions.
Crohn’s disease and ulcerative colitis are usually
easy to distinguish from microscopic colitis.
Patients typically present with a different set of
symptoms that include abdominal pain and/or
bloody diarrhea. In addition, the majority of
patients with Crohn’s disease and ulcerative colitis
present in the first two to three decades of life,
whereas microscopic colitis typically presents
after the age of 40. Endoscopic abnormalities are
almost always found in Crohn’s disease and ulcer-
ative colitis, particularly at initial presentation
before the institution of therapy. Finally, the pathol-
ogy of these idiopathic inflammatory bowel dis-
eases is fairly distinct from that of microscopic
colitis. Crohn’s disease and ulcerative colitis are
characterized by varying degrees of mucosal archi-
tectural distortion, with crypt branching, subcryptal
plasmacytosis, crypt abscesses, erosions, ulcera-
tion, and granulomas in Crohn’s disease. Infective
colitis can be difficult to distinguish from micro-
scopic colitis on histologic grounds alone. Typi-
cally, biopsies from patients with bacterial
infections reveal marked neutrophilic infiltrates
and crypt abscesses. Resolving infections may
have a more subtle pattern of inflammation that
resembles lymphocytic colitis. However, infectious
diarrhea is usually easily distinguished frommicro-
scopic colitis by the self-limited time course and
other clinical data, such as stool cultures. Drug
toxicity is a category that can be more difficult to
distinguish from lymphocytic and collagenous
colitis. There are many drugs that have diarrheal
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side effect. A relatively small subset of these med-
ications are associated with histologic abnormali-
ties in mucosal biopsies. Among these
medications, NSAID substances are most com-
monly associated with gastrointestinal symptoms.
Among their many toxic effects, several NSAIDs
have been associated with histologic changes iden-
tical to lymphocytic and collagenous colitis. Other
medications that have been reported to result in
lymphocytic or collagenous colitis include carba-
mazepine and lansoprazole.
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Synonyms

Congenital microvillous atrophy; Davidson
disease; Familial microvillous atrophy; Intestinal

microvillous atrophy; Intestinal microvillous
dystrophy; Microvillous atrophy

Definition

Microvillous inclusion disease is an uncommon
congenital enteropathy characterized by severe,
intractable diarrhea within the first weeks of life.
The affected infants have a clinical presentation
including the presence of diarrhea for more than
2 weeks, severe nutritional malabsorption, and
negative stool cultures. The disease was
first described by Davidson in 1978 severe
secretory diarrhea occurring during the first
week of life with villous atrophy in the intestinal
biopsy.

Clinical Features

• Incidence
Rare condition. More than 50 cases of MID
have been reported so far in the English
literature.

• Age
It is a disease of neonates and infants in the first
6 months of life. MID manifests either in the
first days (early-onset form) or in the first 2
months (late-onset form) of life. The peak age
of onset is the early neonatal period. Although
later-onset cases have been described, cases
have never been described beyond the first
2–3 months of life.

• Sex
A female preponderance has been observed
among the published cases, with a female-to-
male ratio of 2:1.

• Site
MID is a disease of the small intestine. There
are, however, few reports of colonic involve-
ment in MID.

• Treatment
Currently no treatment is available, and
patients with congenital microvillous atrophy
are supported by total parenteral nutrition
and intravenous fluids for the replacement of
their massive intestinal losses. Intestinal

502 Microvillous Inclusion Disease



transplantation is the only treatment for the
underlying abnormality. Advancements in
immunosupressive therapy have allowed the
small-bowel transplantation to become
a realistic option, with a good survival of both
patients and grafts.

• Outcome
This is a life-threatening entity. The outcome is
typically poor with most patients requiring
intestinal transplantation. The majority of the
affected patients eventually die of septic com-
plications or hepatic insufficiency resulting
from TPN-induced cholestasis. The survival
of patients with typical cases depends on total
parenteral nutrition (TPN). Most infants of
early series died when aged 3–9 months. The
leading causes of death were dehydration, mal-
nutrition, and sepsis. Successful outcomes of
small intestinal transplantation have been
reported, and evidence suggests that an early
transplant might be beneficial. However, the
prognosis remains poor, with most patients
dying by the second decade of life as a result
of complications of parenteral alimentation.
Even patients who have undergone small-
bowel transplantation have a mean 5-years
survival rate of about 50%. Patients with late-
onset microvillous atrophy appear to have an
improved prognosis.

Macroscopy

Microvillous inclusion disease is usually diag-
nosed in biopsy specimens rather than gross spec-
imens. No specific gross abnormality has been
reported.

Microscopy

Diagnosis rests on light and electron microscopic
examination of small intestinal biopsy. Duodenal
biopsies show moderate villous blunting, with no
active inflammation in the lamina propria or
intraepithelial lymphocytosis (Fig. 1). Due to
increased crypt cell apoptosis, either crypt
hypoplasia or hyperplasia can be observed.

Changes in the enterocytes are typically found at
the villous tips rather than villous bases and crypts
where enterocytes appear normal. There is
a vacuolated appearance in the apical cytoplasm
of the enterocytes with extensive or patchy
absence of the brush border (Fig. 2). Light micros-
copy shows accumulation of PAS-positive gran-
ules at the apical pole of immature enterocytes,
together with attenuation or absence of brush bor-
der indicating microvillous atrophy and, in paral-
lel, an intracellular PAS (Fig. 3) or CD10 positive

Microvillous Inclusion Disease, Fig. 1 Duodenal
mucosa with villous shortening and crypt hyperplasia but
no inflammatory infiltrate (H&E; �100)

Microvillous Inclusion Disease, Fig. 2 Small apical
vacuoles in the enterocyte cytoplasm with no brush border
(H&E; �200)
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(Fig. 4) line (marking the microvillous inclusion
bodies seen on electron microscopy). On electron
microscopy, the intestinal microvilli are either
lacking or short and rudimentary while the
apical cytoplasm of the enterocyte reveals
microvillous inclusions. Ultrastructural finding
of intracytoplasmic inclusions that are lined by
intact microvilli is the diagnostic hallmark of the
disease. These inclusions are present in the
absorptive surface epithelial cells of the small
intestine and are associated with poorly developed
surface brush border microvilli (Fig. 5). Although

ultrastructural detection of pathognomonic
microvillous inclusions in the enterocyte cyto-
plasm is essential for the diagnosis of MID,
unusual electron microscopic (EM) features such
as intermediate structures between microvillous
inclusions and lysosomes, inclusions containing
few microvilli, and dense apical granules in the
apical cytoplasm can be observed in some cases.
Since microvilli on immature crypt cells are most
often normal, isolated EM analysis of these cells
should not be performed as it could lead to a false
negative diagnosis. In addition, the isolated find-
ing of rudimentary or absent microvilli on
enterocytes is also not sufficient to diagnose
MID with certainty.

Immunophenotype

Immunohistochemically, antibodies to CD10,
CEA, alkaline phosphatase, and villain can
further help the diagnosis of MID by showing
abnormalities in the brush border.

Molecular Features

It was recently discovered that MYO5B gene
located on 18q21 encoding myosin Vb which
regulates distribution of endosomes in the
enterocyte was defective in this disorder.

Microvillous Inclusion Disease, Fig. 3 Lack of brush
border lining on PAS stain (PAS; �200)

Microvillous Inclusion Disease, Fig. 4 Smudgy
staining in the apical cytoplasm with CD10 (IHC; �200)

Microvillous Inclusion Disease, Fig. 5 EM picture of
a microvillous inclusion in the apical cytoplasm of the
enterocyte (EM; �10000)
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Differential Diagnosis

The clinical differential diagnosis includes other
causes of neonatal diarrhea. These include
autoimmune enteropathies, immunodeficiencies,
and lesions displaying primary enterocyte
abnormalities such as tufting enteropathy.
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Synonyms

Colloid carcinoma; Mucinous adenocarcinoma;
Mucoid carcinoma

Definition

Mucinous carcinoma is one of the five main types
of gastric adenocarcinoma in the World Health
Organization (WHO) classification scheme.
These adenocarcinomas are characterized by the
production of abundant intracellular and extracel-
lular mucus; by convention, more than 50% of the
tumor consists of extracellular mucus.

Clinical Features

• Incidence
Gastric carcinoma accounts for the fifth most
common form of cancer worldwide. Mucinous
gastric carcinoma compromises approximately
2–5% of all gastric carcinomas.

• Age
Incidence increases progressively with age and
is not different from other types of gastric
carcinoma.

• Sex
Men are more at risk of developing gastric
cancer than women. In the study of Choi
et al., 77% of patients with mucinous gastric
carcinoma were men, while in non-mucinous
gastric carcinoma, 67% were men.

• Site
The entire stomach can be involved; most fre-
quently, mucinous gastric carcinomas are
located in the lower third of the stomach.

• Treatment
Diagnostic accuracy and adequate preopera-
tive staging of mucinous carcinomas is low,
and mucinous gastric carcinoma is mostly
detected in an advanced stage. PET imaging
seems to have little or no value in the primary
detection and preoperative staging of mucin-
ous gastric carcinoma. Calcifications in gastric
carcinoma are rare and can serve as
a characteristic and diagnostic finding in
mucinous gastric carcinoma.

The recommendations of treatment of
mucinous gastric carcinoma are the same com-
pared to other forms of gastric cancer. In cura-
tive treatment, (sub-)total gastrectomy is
recommended; the extent of surgery depends
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on the size of tumor, in which an effort is made
to obtain free resection margins. There is prob-
ably a higher risk of tumor spill during surgery
of mucinous carcinomas compared to solid
gastric carcinomas.

Chemotherapy, either alone as a periopera-
tive treatment, or in combination with radiation
therapy in an adjuvant setting, improves the
clinical outcome for patients with resectable
tumors. Neoadjuvant chemotherapy leads to
downstaging but does not result in a signifi-
cant improvement in overall survival. Adju-
vant chemotherapy alone is currently not
standard practice in the treatment of gastric
cancer but leads to survival benefits in Asian
populations and should be considered in
patients at high risk of recurrence who have
not received neoadjuvant therapy. Intraperito-
neal chemotherapy remains investigational.
Palliative chemotherapy can be considered tak-
ing into account performance status and patient
preference.

• Outcome
Most studies indicate that the overall survival
rate for patients with mucinous gastric carci-
noma is worse than that for patients with non-
mucinous gastric carcinoma. A mucinous his-
tology itself is not considered to be an inde-
pendent worse prognostic factor, but at initial
presentation, mucinous carcinomas are often
already in advanced stage with larger tumor
size, deeper invasion, more frequent lymphatic
invasion, and lymph node metastasis, resulting
in poorer prognosis. Possible explanations for
the initial presentation of advanced disease
may be that mucin interferes with the inflam-
matory response and the immunologic recog-
nition of tumor cells; furthermore, the mucin
may act as an infiltrating medium into sur-
rounding stroma and assists in the penetration
of deep invasion by tumor cells.

Macroscopy

The growth pattern of gastric carcinoma is com-
monly described according to the Borrmann
classification, subdividing polypoid, fungating,

ulcerative, and infiltrative growth patterns.
Mucinous gastric carcinomas more often present
as ulcerating lesions with infiltration into the gas-
tric wall (Borrmann type 3) or as diffuse infiltrat-
ing tumors (Borrmann type 4). Grossly, mucinous
adenocarcinomas have a distinct appearance with
a gelatinous aspect and a viscous or glistening cut
surface.

Microscopy

Mucinous carcinoma is one of the histologic types
of gastric adenocarcinoma in the WHO classifica-
tion scheme. In the Laurén classification, it
depends on the predominance of tubular gland
formation or signet ring cell amount whether to
classify these tumors as diffuse or intestinal type.
In the Ming classification, mucinous carcinoma is
considered to be of the “infiltrative type” carci-
noma, and in the Japanese classification of gastric
carcinoma, it is classified as “undifferentiated
type.”

Mucinous carcinomas are characterized by
a large amount (>50%) of extracellular mucus.
Typically, cystic dilated and ruptured carcinoma-
tous glands and/or scattered mucin-containing
signet ring cells are floating in large extracellular
mucus pools (Figs. 1–3). The glandular structures
are either well-defined glands lined by columnar,

Mucinous Carcinoma, Upper Gastrointestinal Tract,
Fig. 1 Low power view shows a large amount of extra-
cellular mucin between bundle strands of muscularis pro-
pria. In the mucin lay scattered parts of glands and solitary
signet ring cells (Original magnification 25�)
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mucus-secreting epithelium or are more irregular
structures composed of clusters or chains of
mucus producing cells. These are readily identi-
fied floating in the abundant mucinous material.
Solitary cells with a vacuolated and mucus filled
cytoplasm with an eccentric placed flattened
nucleus characterize signet ring cells.
A predominance of signet ring cells in mucin
pools, often designated as poorly differentiated
mucinous gastric carcinoma, is associated with
poorer disease-specific survival compared to
mucinous carcinomas with predominant tubular
differentiation.

Mucinous carcinomas are relatively common
types of adenocarcinomas in various sites includ-
ing the gastrointestinal tract, breast, and ovary,
and sometimes originate in the lung and genito-
urinary organs. Despite their diverse anatomic
origins, these carcinomas share similar histologic
appearances, all characterized by the large amount
of mucous. They are not difficult to diagnose
when they remain restricted to their primary site
of origin. However, specific diagnosis may
become challenging or impossible when they
metastasize to distant locations.

Immunophenotype

Immunohistochemistry can play an important role in
determining the site of origin ofmetastaticmucinous
carcinoma. Gastric mucinous carcinomas are usu-
ally positive for CK7, MUC-1, MUC-2, and MUC-
6. They can be (focally) positive for CK20 (approx-
imately 50%) and heterogeneously positive for
CDX-2. Negative stains are ER, WT-1, and PAX-
8, and these can be useful to distinguish gastric
origin from breast or ovary.

The mucus stains, Alcian Blue or PAS staining,
can be helpful to prove the presence of mucus and
to determine the amount of mucus in cases where
very minimal epithelial components are present.

Molecular Features

Distinct molecular features of mucinous gastric
carcinomas are not reported. The frequency of
MSI was reported to be equal to non-mucinous
gastric carcinoma (around 9%). MSI was, as in
non-mucinous carcinomas, associated with better
survival. Probably, mucinous gastric carcinomas
have lower incidences of EGFR (5–10%), HER-2
protein overexpression, and/or HER-2 gene
amplification (0.5–1.5%).

Differential Diagnosis

– Mucinous carcinomas are distinguished from
mucin-producing adenocarcinomas that are

Mucinous Carcinoma, Upper Gastrointestinal Tract,
Fig. 2 Higher magnification shows strands of tumor cells
lined by attenuated epithelium and occasional goblet cells
(Original magnification 200�)

Mucinous Carcinoma, Upper Gastrointestinal Tract,
Fig. 3 Intracellular mucin is abundant in solitary tumor
cells (Original magnification 200�)
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adenocarcinomas with less than 50% mucus
production

– Metastasis of a mucinous carcinoma of another
primary site is difficult to discriminate from
a primary carcinoma. Specific diagnosis may
become challenging and immunohistochemical
stains play an important role in determining the
site of origin of metastatic mucinous carcinoma.
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Synonyms

High-grade mucinous adenocarcinoma; Well-
differentiated mucinous adenocarcinoma

Definition

An appendiceal adenocarcinoma is a malignant
epithelial neoplasm of the appendix with invasion
beyond the muscularis mucosae.

In the current UICC/AJCC TNM staging (7th
edition, 2010), appendiceal adenocarcinomas are
separated into mucinous and non-mucinous
types (UICC/AJCC TNM staging 2010). Indeed,
the 5-year survival of appendiceal mucinous
adenocarcinomas with distant metastasis is
significantly better than those of non-mucinous
carcinomas. This is reflected in the staging con-
siderations for metastatic tumors.

Macroscopically, mucinous adenocarcinomas
of the appendix can be cystic or not. The term
“mucinous cystadenocarcinoma” may be used for
well-differentiated mucinous adenocarcinomas
with cystic structures. However, the distinction
between a cystic carcinoma (i.e., cystadeno-
carcinoma) and one that is not cystic has not
been shown to be of biologic significance. There-
fore, this designation is descriptive and is not
meant to designate a separate disease entity.

Other forms of appendiceal adenocarcinomas
are signet-ring cell adenocarcinomas and low-
grade appendiceal mucinous neoplasm (LAMN)
(see Appendiceal Tumors entry).

Clinical Features

• Incidence
Adenocarcinomas of the appendix are rare and
heterogeneous. They occur in 0.1–0.2% of
appendicectomies, corresponding to an esti-
mated incidence of 0.2 per 100,000 per year,
and are accounted for 60% of malignant
appendiceal tumors in the United States Surveil-
lance, Epidemiology and End-Results (SEER
1981). Appendicealmucinous adenocarcinomas
and cystadenocarcinomas make up about 50%
of appendiceal adenocarcinomas, whereas they
represent 10% of colorectal carcinomas.

• Age
The median age at which mucinous and non-
mucinous adenocarcinomas occur lies between
the sixth or seventh decade of patients’ life.

Patients with familial adenomatous poly-
posis may develop appendiceal carcinomas at
a young age. Appendiceal carcinomas have
also been described in patients with underlying
inflammatory bowel disease.
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• Sex
In the SEER registries (1973–1987), males
were more commonly affected than women
(Thomas and Sobin 1995). A recent population
study in the Netherlands showed however
female predominance.

• Site
Clinical presentations include acute appendici-
tis (also refer to the ▶Appendicitis, Etiology,
Macroscopy, and Histology of entry), the pres-
ence of an abdominal or pelvic mass,
a widespread peritoneal adenocarcinomatosis
or pseudomyxoma peritonei (PP) with some-
times abdominal distension due to the produc-
tion of large volumes of mucus. PP is defined
by the presence of mucinous material on peri-
toneal surfaces (refer to the Mucocele entry).
Mucinous tumors tend to be accompanied by
PP, whereas non-mucinous carcinomas are
accompanied by appendicitis. In the case of
PP in women, the most common symptom is
a right-sided ovarian mass. Ovarian masses can
be bilateral. Because ovarian involvement
is observed in the majority of female
patients, an ovarian primary has long been
initially suggested as the cause of PP. However,
results of several clinical, histopathological,
immunohistochemical, and molecular
genetic studies show that most cases of PP
reflect dissemination of an appendiceal
mucinous neoplasms and that ovarian
tumor deposits are almost always metastases,
even if these lesions are much larger.
Nevertheless, other origins have been
described, such as colorectum, gallbladder,
stomach, pancreas, fallopian tube, urachus,
lung, and breast.

• Treatment
Right hemicolectomy and regional lympha-
denectomy are required if an adenocarcinoma
is diagnosed on an appendicectomy. This sur-
gical resection must be accompanied by
a careful surgical exploration of the abdominal
cavity in order to detect peritoneal lesions and
to remove them.

Management of a peritoneal dissemination
of mucinous appendiceal neoplasms includes
cytoreductive surgery (also known as the

Sugarbaker procedure), heated intraoperative
intraperitoneal chemotherapy, and early post-
operative intraperitoneal chemotherapy in
established peritoneal treatment centers. The
cytoreductive surgery involves a series of vis-
ceral resections and peritonectomy procedures
(Sugarbaker 2009).

The extent of peritoneal dissemination by
the peritoneal cancer index (PCI) is determined
at the time of surgical exploration of the abdo-
men and pelvis. This index has a significant
impact on survival for both high-grade and
low-grade disease. Therapeutic decisions for
pseudomyxoma peritonei largely depend on
the distinction between low- and high-grade
peritoneal diseases.

• Outcome
The 5-year survival of appendiceal mucinous
carcinomas with distant metastasis is around
40–50% (vs. 10% for other appendiceal carci-
nomas), which justifies the separation between
mucinous and non-mucinous adenocarci-
nomas. Mucinous adenocarcinomas (also
called high-grade mucinous adenocarcinomas
in the last UICC/AJCC TNM and WHO clas-
sifications), similarly to low-grade appendiceal
mucinous neoplasms (LAMN), can spread
along the peritoneal surface and can metasta-
size in the peritoneal cavity, resulting in PP.
However, these mucinous adenocarcinomas
are more likely to invade the underlying organs
and exhibit lymph node metastasis than to
produce PP. Although LAMN may spread
outside the appendix, LAMNs are associated
with a better prognosis than mucinous
adenocarcinomas.

The prognosis is based on the local extent,
the presence, and distribution of peritoneal
lesions. Only patients with peritoneal dissemi-
nation have a very poor prognosis. The pres-
ence of an associated perforation is not
a pejorative factor, except if the perforation is
located within the tumor.

Starting from the seventh edition of the
UICC/AJCC TNM classification, appendiceal
carcinomas are staged separately. In the sixth
edition, they were in fact included with
colorectal carcinoma.
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In the last UICC/AJCC TNM classification, T4
and M1 are modified because of the particular
nature of mucinous adenocarcinomas. The T4
category is divided into T4a and T4b as for the
colon with the exception that T4a denotes both
serosal involvement and extra-appendiceal dis-
ease limited to the right lower quadrant.
Appendiceal mucinous tumors associated with peri-
appendiceal lesions or limited to the right lower
quadrant are not considered as metastatic (respec-
tively T3 and T4a). Conversely, peritoneal spread
beyond the right lower quadrant, including PP, is
considered as metastatic and is classifiedM1a. M1b
corresponds to nonperitoneal metastasis.

Histological grading of mucinous tumors as
low-grade (corresponding to a diagnosis of
LAMN or low-grade PP) or as high-grade
(corresponding to a diagnosis of mucinous adeno-
carcinoma or high- grade PP) is needed for the
stage grouping.

The UICC/AJCC TNM classification (7th
edition) and anatomic stage/prognostic groups of
appendiceal tumors are shown in Tables 1 and 2.

Macroscopy

The appendix may be enlarged, deformed, or
completely destroyed by a polypoid, ulcerating, or
infiltrative mass usually present at the base
contrasting with carcinoid tumors that classically
develop on the tip of the appendix (see also Tumors,
Appendix entry) (Figs. 1 and 2). Tumors may also
cause appendiceal intussusception. A mucinous
cystadenocarcinoma can display exuberant mucus
secretion giving rise to the gross appearance of
a mucocele (see also Mucocele entry).

Perforation or diverticula may be present. Per-
forations of appendiceal adenocarcinomas
develop in 50–62% of tumors, and are responsible
for the dissemination into the peritoneum.

Cecum can be involved with advanced tumor
stages, making it difficult to determine the exact
site of origin. If the major part of the tumor lies in
the appendix or if microscopic examination
reveals a precursor lesion in the appendix, one
can consider that the tumor is of appendiceal
origin.

During macroscopic examination, margin of
the appendix must be individualized. In right
hemicolectomy specimens, the ileal and colonic
margins are the proximal and distal margins,
respectively. In right hemicolectomy specimens,
pathologic assessment of the regional lymph node
should be performed. Appendices containing
mucinous neoplasms should be entirely submitted
for histologic examination. In the situation of
appendiceal mucinous neoplasms with localized
periappendiceal mucin, complete microscopic
examination of the entire periappendiceal mucin
is also warranted.

Mucinous Cystadenocarcinoma, Appendix,
Table 1 TNM classification of appendiceal carcinomas
(7th edition, 2010)

Primary tumor (T)

Tx Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ: intraepithelial or invasion of
lamina propria

T1 Tumor invades submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades through muscularis propria into
subserosa or into mesoappendix

T4 Tumor penetrates visceral peritoneum, including
mucinous peritoneal tumor within the right
lower quadrant and/or directly invades other
organs or structures

T4a Tumor penetrates visceral peritoneum, including
mucinous peritoneal tumor within the right
lower quadrant

T4b Tumor directly invades other organs or
structures

Regional lymph nodes (N)

Nx Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in 1–3 regional lymph nodes

N2 Metastasis in four or more regional lymph nodes

Distant metastasis

M0 No distant metastasis

M1 Distant metastasis

M1a Intraperitoneal metastasis beyond the right lower
quadrant, including pseudomyxoma peritonei

M1b Nonperitoneal metastasis

Histological examination of a regional lymphadenectomy
specimen will ordinarily include 12 or more lymph nodes.
If the lymph nodes are negative, but the number ordinarily
examined is not met, classify as pN0
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Microscopy

Mucinous adenocarcinomas are morphologically
similar to their colonic counterpart. Mucinous

adenocarcinomas are defined as tumors having
pools of mucus with either disrupted tubules
and/or interstitial mucus in more than 50% of the
neoplasm. If signet-ring cells account for more
than 50% of the neoplasm, the term “signet-ring
cell carcinoma” is more appropriate.

The demonstration of invasion by tumoral cells
through the muscularis mucosae into the submu-
cosa is essential to establish malignancy (Fig. 3).
Only small infiltrating glands and even single cells
may be present. In practice, it can be difficult to
determine the extent of invasion. Moreover, the
epithelium may be extensively ulcerated.

Mucinous Cystadenocarcinoma, Appendix,
Table 2 Stage grouping (UICC/AJCC TNM staging sys-
tem, 7th edition)

Stage T N M
Histologic
grade

Stage 0 Tis N0 M0

Stage I T1 N0 M0

T2 N0 M0

Stage IIA T3 N0 M0

Stage IIB T4a N0 M0

Stage IIC T4b N0 M0

Stage IIIA T1 N1 M0

T2 N1 M0

Stage IIIB T3 N1 M0

T4 N1 M0

Stage IIIC Any T N2 M0

Stage IVA Any T N0 M1a G1

Stage IVB Any T N0 M1a G2, 3

Any T N1 M1a Any G

Any T N2 M1a Any G

Stage IVC Any T Any N M1b Any G

Histologic grade (G):
Gx: grade cannot be assessed
G1: well differentiated (mucinous low-grade)
G2: moderately differentiated (mucinous high-grade)
G3: poorly differentiated (mucinous high-grade)
G4: undifferentiated

Mucinous Cystadenocarcinoma, Appendix,
Fig. 1 Right colectomy after appendicectomy. At the
base of the appendix, one notices a residual tumor, with
a gelatinous appearance

Mucinous Cystadenocarcinoma, Appendix,
Fig. 2 Right colectomy with appendicectomy. The appen-
dix is totally destroyed by a necrotic cystadenocarcinoma

Mucinous Cystadenocarcinoma, Appendix,
Fig. 3 Well-differentiated adenocarcinoma of the appen-
dix with large mucin lakes. Largemucus collections extend
through the appendix wall
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Conversely, in some adenomas, acellular mucin
dissecting the appendiceal layers can mimic inva-
sion (see “Differential diagnosis). There is often
clear evidence of an origin from a mucinous
cystadenoma. In more advanced lesion, the precur-
sor lesion is typically absent and replaced by tumor.

As previously discussed in the entry
“▶Mucinous Cystadenoma, Appendix,” the
nomenclature of appendiceal mucinous neo-
plasms is controversial and the terminology used
is inconsistent, particularly when they lack overtly
malignant features, being associated with extra-
appendiceal spread, and not usually displaying
high-grade cytological atypia or apparent invasive
feature. In the current WHO classification,
appendiceal mucinous neoplasms are subdivided
into “low-grade appendiceal mucinous neoplasms
(LAMN)” and mucinous adenocarcinoma
because of differences in behavior and manage-
ment (Carr and Sobin 2010). This classification is
based on architectural and cytologic features.
LAMN lack histological evidence of invasion
and exhibit a villous or flat proliferation of mucin-
ous epithelium with low-grade atypia, but there is
no lamina propria or desmoplasia. Cytologically,
neoplastic cells may be columnar, cuboidal, or
flattened. Nuclei are small and regular. Low-
grade dysplasia may be observed, and mitoses
are rare. LAMN generally grow slowly and typi-
cally produce the clinical picture of low-grade PP.
Lymph node metastasis tends to occur late. This
term reconciles the lack of tissue invasion or the
frank carcinomatous features of these tumors with
their significant morbidity and mortality.
Although LAMN may spread outside of the
appendix, they have a better prognosis
than mucinous adenocarcinomas. In mucinous
adenocarcinomas, an invasive pattern with
desmoplastic stroma is observed. A residual lumi-
nal mucinous tumor resembling LAMN may be
present. Cytologically, atypia are marked and
mitoses, sometimes atypical, are common.

Immunophenotype

Appendiceal adenocarcinomas express keratin 20,
CDX2, and MUC2. Many express keratin 7.

Molecular Features

There are few available data on molecular genet-
ics alterations in appendiceal mucinous because
of the limited studied cases. The main molecular
alterations are KRASmutations, most are in codon
12 and some in codon 13, and loss of heterozy-
gosity (LOH) at the 18q locus. Mutations of
SMAD4/DPC4 have been sometimes described.
It is unusual to detect mutations of the beta catenin
gene or mutations of TP53. Except in rare cases,
tumors mostly have a microsatellite stable
phenotype.

Differential Diagnosis

The main differential diagnosis is the pseudo-
invasive appendiceal mucinous adenoma. In
some cases, displacement of mucin secreting ade-
nomatous lesion into the wall of the appendix as
a consequence of raised intraluminal pressure
from mucus hypersecretion may be florid, thereby
mimicking a well-differentiated mucinous adeno-
carcinoma. This so-called pseudo-invasion may
be especially prominent with inflammation and
abscess formation. The displaced adenomatous
cells usually retain their surrounding lamina pro-
pria. In case of acellular mucin in the appendiceal
wall, the diagnosis of adenoma should be made
only if the muscularis mucosa is intact. Classi-
cally, invasive adenocarcinoma is surrounded by
a dense and desmoplastic reaction. However, it
should be kept in mind that some well-
differentiated adenocarcinomas may invade in
a broad, pushing growth pattern, without
a desmoplastic response. Moreover, some well-
differentiated adenocarcinomas may present only
minimal atypical cytologic features. So, low-
grade cytology does not exclude a diagnosis of
malignancy.

If no conclusive evidence of tissue invasion is
found, it seems appropriate to use the term
“mucinous tumor of uncertain malignant poten-
tial.” Those lesions designated as ““mucinous
tumor of uncertain malignant potential” are
included in the LAMN category of the current
version of the WHO. In order not to misdiagnose
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an invasive lesion of the appendix, sampling of
the entire mucinous neoplasm is recommended to
rule out invasion.

References and Further Reading

Carr, N. J., & Sobin, L. H. (2010). Tumours of the appen-
dix. In F. T. Bosman, F. Carneiro, R. H. Hruban, &
N. D. Theise (Eds.), WHO classification of tumours of
the digestive system (pp. 122–125). Lyon: IARC Press.

Edge, S. B., Byrd, D. R., Compton, C. C., Fritz, A. G.,
Greene, F. L., & Trotti, A. (2010). Appendix. In AJCC
Cancer Staging Handbook, from the AJCC cancer
staging manuel, (7th ed., pp. 161–171). New York:
Springer.

National Cancer Institute Monograph 57. (1981). Surveil-
lance, epidemiology, and end results: Incidence and
mortality data, 1973–77 (NIH Publication No.
81–2330). Bethesda: US. Department of Health and
Human Services.

Sugarbaker, P. H. (2009). Comprehensive management of
peritoneal surface malignancy using cytoreductive sur-
gery and perioperative intraperitoneal chemotherapy:
The Washington Cancer Institute approach. Expert
Opin Pharmacother, 10, 1965–1977.

Thomas, R. M., & Sobin, L. H. (1995). Gastrointestinal
cancer. Cancer, 75, 154–170.

Mucinous Cystadenoma, Appendix

Magali Svrcek
Hôpital Saint-Antoine, Service d’Anatomie
Pathologique, AP-HP, Hôpitaux Universitaires
de l’Est Parisien, Paris, France

Synonyms

Adenoma of the appendix; Low-grade
appendiceal mucinous neoplasm (LAMN); Low-
grade appendiceal mucinous tumor

Definition

Appendiceal adenomas are defined as lesions
that are confined to the appendix with no evidence
of invasion beyond the muscularis mucosae.

Appendiceal adenomas are of two main types.
The most common type involves the appendiceal
mucosa in a widespread, circumferential fashion.
In these, excessive secretion of mucus by neoplas-
tic epithelial cells within the confined appendiceal
lumen frequently gives rise to cystic dilatation,
creating a mucinous cystadenoma. Less com-
monly, adenomas of the appendix grow as local-
ized, pedunculated, or sessile lesions.

Some authors recommend not using the term
“cystadenoma” anymore, since cystic change
does not indicate a separate disease category.

The lesion may contain either low-grade or
high-grade dysplasia.

Clinical Features

• Incidence
Appendiceal tumors represent less than 0.4%
of all intestinal neoplasms. The most common
mucinous neoplasms of the appendix are the
mucinous cystadenomas. They account for
nearly one-third of all epithelial tumors, but
are however detected in only 0.3% of surgi-
cally removed appendices.

Mucinous cystadenomas are usually spo-
radic, but may sometimes complicate long-
standing ulcerative colitis.

• Age
The average age at diagnosis is 53 years, with
a median age of 64 years.

• Sex
Mucinous cystadenomas arise in both men and
women, with many series reporting female
predominance.

• Site
Clinical presentations include acute appendici-
tis particularly for appendiceal tumors that are
located in the base of the appendix. This is due
to the obstruction of the appendiceal lumen
caused by mucin accumulation. Clinical pre-
sentations also include the presence of an
abdominal or pelvic mass (usually an ovarian
tumor), perforations, or intussusceptions.
Cystadenomas can also be discovered during
surgery for unrelated conditions.
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Because of early luminal obstruction,
tumors located at the base and polypoid tumors
are expected to have a better prognosis than
those located in the distal appendix.

• Treatment
Surgical management of the primary

appendiceal neoplasm mainly includes appen-
dectomy. Appendectomy is the treatment of
choice for mucinous neoplasm entirely submit-
ted for histologic examination and clearly con-
fined to the appendix without evidence of
disease outside of the appendix and with
a negative margin of resection. A complete
removal of the appendix and surrounding peri-
appendiceal tissue, if grossly involved, is
indicated.

A positive margin on the base of the appen-
dix should not be used as an indication for
a right colectomy. Cecectomy can be
performed to obtain a negative margin of exci-
sion and can save the right colon and ileocecal
valve function.

If a rupture of the appendix is suspected or if
the tumor is associated with diverticula, the
surgeon must carefully inspect the abdominal
cavity in order to eliminate a peritoneal dis-
semination of the tumor. Prolonged clinical
follow-up for these patients for recurrent dis-
ease is proposed. If epithelial cells are found
within mucin deposits, patients must be
referred to an established center for treatment
of peritoneal tumors.

• Outcome
Appendiceal adenomas are preinvasive neo-

plasms with the potential to progress into inva-
sive adenocarcinomas or cystadenocarcinomas.

Noninvasive appendiceal mucinous neo-
plasms confined to the mucosa without evi-
dence of disease outside of the appendix and
with a negative margin of resection are benign
with essentially no risk of recurrence.

Not infrequently, mucinous tumors of the
appendix can be associated with escape of
mucus through the appendiceal wall. Mucin is
deposited on the appendiceal serosa, within the
mesoappendix, or limited to the right lower
quadrant, even in the absence of high-grade
dysplasia or invasive features. These extra-

appendiceal mucin deposits limited to the peri-
appendiceal area are usually acellular,
although they may occasionally contain neo-
plastic cells (“cellular mucin”). Relatively few
studies have evaluated the significance of the
presence of mucin with or without neoplastic
epithelium confined to the immediate vicinity
of the appendix. It seems that the most critical
prognostic factor in mucinous tumors of the
appendix is the presence or absence of mucin-
ous epithelial cells in extra-appendiceal mucin.
Patients with appendiceal mucinous neoplasms
and acellular periappendiceal mucin are
unlikely to develop recurrent disease. How-
ever, although quite small, this risk to the
patient is not insignificant. In two large series,
the risk for developing peritoneal recurrence in
cases of localized acellular periappendiceal
mucin was 4% (2 of 50 patients) and 8% (one
of 12 patients). Importantly, all 3 patients had
appendiceal resection specimens that were not
entirely submitted for microscopic analysis. By
comparison, in the report by Yantiss et al., 33%
of patients with neoplastic cells within peri-
appendiceal mucin developed diffuse perito-
neal involvement after appendicectomy and
7% died of the disease. Because the risk is
not insignificant in patients with low-grade
mucinous neoplasms with extra-appendiceal
mucin limited to the right lower quadrant,
some authors propose these tumors being des-
ignated as “low-grade mucinous neoplasms
with low grade of recurrence (LG-LR).

The degree of cellularity of the intraperito-
neal mucin deposits also affects prognosis.
Cases with acellular peritoneal deposits out-
side of the right lower quadrant, although lim-
ited, seem to be associated with a relatively
low risk of recurrence compared with cellular
peritoneal mucinous deposits. The number of
studied cases with prolonged follow-up is,
however, small.

Generally, peritoneal involvement,
carrying the descriptive term “pseudomyxoma
peritonei” (PP) complicating low-grade
appendiceal mucinous neoplasms, is typically
low-grade (see “▶Mucocele, Appendix” entry).
However, in some cases, low-grade appendiceal
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mucinous neoplasms are associated with high-
grade PP.

Low-grade PPs are associated with signifi-
cantly longer survival than high-grade PPs
(overall 5-year survival of 63% for low-grade
and 23% for high-grade).

Macroscopy

Grossly, mucinous neoplasms are very heteroge-
neous. They can be cystic, so-called mucinous
cystadenoma, or not. In some cases, production
of large amounts of mucus may convert the whole
appendix into a large, sausage-shaped, cystic or
spherical, mucus-filled mass (Fig. 1a, b). Mucus is
sometimes calcified, resulting in the formation of
calculi. Diverticula can be found and some
areas may rupture, leading to mucin discharge
on the appendiceal serosa. The appendix can
also be grossly unremarkable.

During macroscopic examination, margins of
the appendix must be individualized. In right
hemicolectomy specimens, the ileal and colonic
margins are the proximal and distal margins,
respectively. In these cases, pathologic assess-
ment of the regional lymph node should be
performed.

Appendices containing mucinous neoplasms
should be entirely submitted for histologic exam-
ination. In the situation of appendiceal mucinous

neoplasms with localized periappendiceal mucin,
complete microscopic examination of the entire
periappendiceal mucin is required.

Microscopy

Adenomas of the appendix may exhibit tubular,
tubulovillous, or villous architectures, with
a variable degree of dysplasia.

Microscopic examination shows circumferen-
tial replacement of the normal appendiceal epithe-
lium by proliferative mucinous epithelium, with
frequent atrophy of the underlying lymphoid tis-
sue (Fig. 2). Most mucinous cystadenomas have
a single layer of neoplastic mucinous cells with
occasional small epithelial tufts overlying
a fibrotic and atrophic lamina propria and submu-
cosa. The neoplastic epithelial cells contain large
mucin vacuoles that compress the nuclei. In flat
areas, the mucin vacuoles are typically smaller
and are confined to the apical portions of the cells.

Most appendiceal adenomas are low-grade
(Fig. 3) and some are high-grade (Fig. 4). How-
ever, in the latter, one must make sure that the
muscularis mucosae is clearly intact. The criteria
to determine low-grade dysplasia and high-grade
dysplasia are the same as for the large intestine
and are based on the cytological and architectural
aspect of the neoplastic cells. The nuclei of the

Mucinous Cystadenoma, Appendix, Fig. 1 (a) Gross
appearance of an unopened appendix. The lumen (particu-
larly the distal portion) is considerably distended, cystic,

and the wall is thin. (b) The opened specimen showing the
presence of an abundant material in the appendiceal lumen
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neoplastic cells are typically elongated, hyper-
chromatic, lacking prominent nucleoli. Mitotic
activity is usually low and limited to the base of
the glands. In flat areas, nuclear enlargement is
typically more prominent and nuclear stratifica-
tion more obvious.

Mucosal denudation can be observed. The
mucosal ulcers may produce a granulomatous
reaction with mural fibrosis. A coexisting appen-
dicitis can be found as well. The wall of the
appendix may be perforated, and mucin with or

without cells may be present in the perforation and
extend to the serosal surface.

The nomenclature of appendiceal mucinous
neoplasms is controversial and the terminology
used is quite inconsistent, because of the frequent
discrepancies between the histological findings
and clinical behaviors. Previously, appendiceal
mucinous neoplasms were classified as either ade-
nomas or adenocarcinomas based on histological
evidence of invasive growth. Although mucinous
neoplasms of the appendix confined to the mucosa
and tumors with extra-appendiceal spread are his-
tologically identical and may not show high-grade
cytological atypia or apparent invasive features,
the latter tumors are associated with risk for recur-
rence and death. For this reason, the term “rup-
tured adenomas” should be avoided, because it
does not adequately reflect the malignant potential
of these tumors. Conversely, most of the authors
consider that mucinous “cystadenomas” with
extra-appendiceal extension should not be called
appendiceal adenocarcinomas. The “borderline”
terminology is best not applied to the appendix.
The term “low-grade appendiceal mucinous neo-
plasms” (LAMNs), initially suggested by Mis-
draji in 2003, seems more appropriate and is
proposed to replace this non-consensual and con-
fused terminology (Misdraji et al. 2003). This
term reconciles the lack of tissue invasion or
frank carcinomatous features of these tumors

Mucinous Cystadenoma, Appendix, Fig. 2 Low-
power histologic features of a mucinous cystadenoma.
The lesion is confined to the mucosa

Mucinous Cystadenoma, Appendix, Fig. 3 Low-
grade appendiceal mucinous neoplasm. Mucinous epithe-
lium lining a flat region of the tumor shows small apical
cytoplasmic mucin droplets, and low-grade cytologic
atypia with nuclear enlargement and pseudostratification
(�400 magnification)

Mucinous Cystadenoma, Appendix, Fig. 4 High-
grade dysplasia containing micropapillary tufts of neoplas-
tic cells that show loss of cell polarity, ovoid nuclei with
open chromatin and conspicuous nucleoli, and reduction of
mucin production (�400 magnification)

516 Mucinous Cystadenoma, Appendix



with their significant morbidity and mortality.
Moreover, while LAMN may spread outside the
appendix, they are associated with a better prog-
nosis than mucinous adenocarcinomas, indicating
the prognostic relevance of this classification.
Currently, this classification has been adopted by
the World Health Organization. In LAMN, the
architecture often resembles adenoma, with
a villous, serrated, or undulating architecture, but
there is no lamina propria and no desmoplasia.
Cytologically, neoplastic cells may be columnar,
cuboidal, or flattened. Nuclei are small and regu-
lar and low-grade dysplasia may be observed.
Mitoses are usually rare. Pai and Longacre pro-
pose to strictly reserve the term of mucinous ade-
noma (or mucinous cystadenoma) for
cytologically low-grade mucinous neoplasms
that are clearly confined to the appendix (i.e.,
without invasion) without extra-appendiceal
mucin or neoplastic epithelium and complete
excision with negative surgical margin. In cases
in which the mucinous neoplasm seems confined
to the appendix but the neoplastic epithelium
involves the proximal resection margin and the
mucinous neoplasm in which the diagnosis of
extra-appendiceal epithelium is dubious, they pro-
pose diagnosing these cases as “mucinous tumors
of uncertain malignant potential.”

Because the risk is not insignificant for patients
with low-grade mucinous neoplasms with extra-
appendiceal mucin limited to the right lower
quadrant, these authors propose to separate low-
grade mucinous neoplasms into distinct patho-
logic entities based on both the presence or not
of neoplastic epithelium in the extra-appendiceal
mucin deposits and on the risk of recurrence: (i)
They propose to call “low-grade mucinous neo-
plasm with low risk of recurrence” (or LG-LR)
low-grade mucinous neoplasms without extra-
appendiceal neoplastic epithelium and without
invasion, with extra-appendiceal acellular mucin.
(ii) They propose the term “low-grade mucinous
neoplasm with high risk of recurrence” (LG-HR)
for low-grade mucinous neoplasms with the pres-
ence of any extra-appendiceal neoplastic epithe-
lium, without extra-appendiceal invasion.

In summary, regardless of the terminology
used, the pathology report should indicate the

degree of dysplasia, the extend of invasion,
the presence of invasive areas, whether neoplastic
cells or mucin are seen outside the appendix,
the degree of cytologic atypia of the
epithelium in the extra-appendiceal mucin or peri-
toneal implants, and the status of the proximal
margin.

Immunophenotype

The mucin-producing cells are stained with
diastase-resistant periodic acid-Schiff (PAS) and
Alcian blue.

The neoplastic epithelial cells are immunore-
active with keratin 20 and the intestinal mucin
marker MUC2.

The proliferative rate can be high.

Molecular Features

Noninvasive lesions with marked cytologic atypia
tend to have a higher proliferative rate than low-
grade tumors.

Fenoglio-Preiser et al. found that the prolifera-
tive rate of the appendiceal tumor as well as its
extra-appendiceal extensions is an important
prognostic factor and, therefore, propose the use
of Ki67 immunostain in the most mitotically
active part of the tumor.

Few data about molecular characteristics of
low-grade appendiceal mucinous, neoplasms are
available. KRAS mutations (mostly in codon 12
and some in codon 13) seem to be common and
are found in the majority of appendiceal adeno-
mas. ActivatingGNASmutations are also frequent
and constitute a characteristic genetic abnormality
of low-grade appendiceal mucinous neoplasm
(Nishikawa et al. 2013). GNAS mutations
often coexist with KRAS mutations. Mutant
GNAS might play a direct role in the
prominent mucin production. Microsatellite insta-
bility and p53 overexpression are reported to be
rare. Appendiceal adenomas frequently display
loss of heterozygosity (LOH), in particular LOH
at the 5q locus linked to the APC tumor suppressor
gene.
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Differential Diagnosis

Adenomas are defined as lesions that are confined
to the appendix with no evidence of invasion.
When an adenoma of the appendix is found, the
whole lesion must be taken and carefully exam-
ined, in order to prevent misdiagnosing an inva-
sive lesion of the appendix. Neoplastic cells can
also extend into diverticula, but this does not
constitute an invasive carcinoma.

In some cases, displacement of mucin-
secreting adenomatous lesion into the wall of the
appendix as a consequence of raised intraluminal
pressure from mucus hypersecretion may be
florid, thereby mimicking a well-differentiated
mucinous adenocarcinoma. This so-called
pseudo-invasion may be especially prominent if
there is inflammation and formation of abscess
(refer to Mucinous Cystadenocarcinoma, Appen-
dix entry). In the case of no conclusive evidence
of tissue invasion, it seems appropriate to use the
term “mucinous tumor of uncertain malignant
potential.” Those lesions are included in the
LAMN category of the last version of the classi-
fication provided by the WHO. A diagnosis of
low-grade mucinous neoplasm requires rigorous
pathologic evaluation of the appendix.

In some cases, mucosal denudation can lead to
misdiagnosis of mucinous cystadenoma. Multiple
sections should be taken to confirm the diagnosis
of mucinous cystadenoma. Staining with PAS or
Alcian blue is interesting in that setting.
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Synonyms

Mucins; MUC

Definition

Mucins (MUC) are high-molecular-weight
glycoproteins constituted by a protein backbone
(apomucin) and carbohydrate side chains. The vast
majority of mucin glycosylation is constituted byO-
glycans which are linked to serine (Ser) or threonine
(Thr) residues on the protein backbone, and, in fact,
more than 50% of the mucin molecular mass is
composed of carbohydrates. The primary functions
of mucins are to hydrate, protect, and lubricate the
epithelial surfaces within the human body.

Features

There are two main classes of mucins: membrane-
bound mucins, contributing to the composition of
the cellular glycocalyx, and secreted mucins, con-
tributing to the composition of the extracellular
matrix or the mucous barrier that covers all epi-
thelial surfaces in the human body, except the
skin. Mucins share a common structural feature
which is a tandem repeat domain comprising
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a variable number of tandem repeats (VNTRs) of
identical or highly similar sequences rich in ser-
ine, threonine, and proline residues, also called the
PTS (Pro/Thr/Ser) domains. These domains are
highly polymorphic both regarding the number of
amino acids in each repeat and the number of
repeats. In addition, VNTRs are extensively
glycosylated through N-acetyl-D-galactosamine
(GalNAc) O-linked sugar chains which are enzy-
matically attached to Ser and Thr residues and
further elongated by multiple glycosyltransferases
in the Golgi complex (Kufe 2009). Furthermore,
mucins have a smaller number of N-linked oligo-
saccharides that are important for the folding,
oligomerization, and surface localization. In addi-
tion to the complexity conferred by glycosylation,
the secreted mucins form homo-oligomers that are
responsible for the viscoelastic properties of the
mucous barrier, whose main function is to protect
the underlying epithelial cells against chemical,
enzymatic, microbial, and mechanical insults and
serves as a physical gel to inhibit and entrap
microbes. As a consequence of the VNTR poly-
morphism and glycosylation variations, the size of
mucins can differ substantially between individ-
uals, which likely constitute the basis for differ-
ences in susceptibility to a number of diseases and
particularly to infections (Reis et al. 2010).

Twenty-one distinct mucin genes (MUC1–2,
MUC3A, MUC3B, MUC4, MUC5AC, MUC5B,
MUC6–9, and MUC12–21) codifying for the pro-
tein backbone have been identified to date. In situ
hybridization and immunohistochemical studies
have shown that mucins have distinct expression
patterns with respect to organ, tissue, and cell type
as well as developmental stage (Kufe 2009).

In a healthy gastric mucosa, the mucins
produced are MUC1, MUC5AC, and MUC6
which are neutral mucins. MUC1 is
a membrane-bound mucin, expressed more
abundantly in the gastric foveolar epithelium,
and to a lesser extent in the mucous glands.
MUC1 is known by several other names, the
most common being PEM (polymorphic
epithelial mucin), but it is also known by episialin,
DUPAN-2, DF3, HMFG (human milk fat glob-
ule), EMA (epithelial membrane antigen), and
CD227. MUC1, like other cell surface mucins,

attaches to the membrane through
a transmembrane domain and has a short cytoplas-
mic tail that associates with the cytoskeleton
playing a role, not only in protection but also in
signal transduction. MUC1 normally attaches to
the apical membranes of the gastric epithelial
cells, but with malignant transformation and loss
of polarity, it becomes expressed over the entire
surface of the carcinoma cells (Kufe 2009).

Gastric mucus, mainly constituted by the
secreted mucins MUC5AC and MUC6, forms
a protective layer over the surface epithelium
against acid and pepsin present in the gastric
juice, against deleterious effects of exogenous
agents (viz., pathogens and drugs), and against
mechanical damage. MUC5AC expression is
restricted to the foveolar epithelium of the gastric
antrum and corpus (Fig. 1). In humans, MUC5AC
is encoded by a gene located on the p15 arm of
chromosome 11 within a cluster of four mucin
genes along with MUC2, MUC5B, and MUC6,
and all of them share a common ancestor with
von Willebrand factor. In the mouse, the organiza-
tion of the cluster and the structure of the genes are
conserved with the cluster being located in the
syntenic region (murine chromosome 7) of the
human chromosome 11. On the other hand,
MUC6 is exclusively expressed in the deep glands
of the antrum and in the mucous cells of the neck
zone of the body (Fig. 1). Mucin’s distribution, in
the normal gastric mucosa, is accompanied by

Mucins, Fig. 1 Expression of the soluble mucins
MUC5AC (red) in the gastric foveolar or superficial epi-
thelium andMUC6 (brown) in the deep glands, in a normal
gastric mucosa
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a similar distribution of some glycosyltransferases,
namely, fucosyltransferases, leading to co-
expression of a number of glycan chains with the
protein backbone, particularly those related with
individual ABO and Lewis blood group pheno-
types, which determine the terminal carbohydrate
structures that are carried by the mucin backbone
proteins (de Bolós et al. 1995). Thus, in the normal
gastric mucosa, expression of type 1 antigens,
Lewis a (Lea) and Lewis b (Leb), is strongly asso-
ciated with MUC5AC, whereas expression of type
2 antigens, Lewis x (Lex) and Lewis y (Ley), is
associated with MUC6 (de Bolós et al. 1995). It
remains to be fully elucidated whether the amino
acid sequence on the protein backbone determines
the glycosylation pattern or whether this is due to
other external factors.

In the stomach, as well as in other organs,
altered mucin expression is seen in precancerous
and cancerous lesions, both at the protein and the
glycan levels. The first alterations are observed

early on in the gastric carcinogenic cascade, trig-
gered by Helicobacter pylori infection. H. pylori
causes inflammation of the gastric mucosa,
which in some individuals will evolve to intesti-
nal metaplasia and, in a low percentage of cases,
to gastric carcinoma. The most common alter-
ations of the mucin gene expression, induced by
this bacterium, are MUC5AC underexpression
and MUC6 overexpression in gastritis and de
novo expression of the intestinal mucin MUC2
in intestinal metaplasia (Fig. 2a) (see section
“Table with Examples and Links” for other exam-
ples). In fact, the profile of mucin expression has
been used to categorize intestinal metaplasia. The
oldest classification of intestinal metaplasia, based
on the mucin profile, uses histochemical methods
that allow the discrimination between the neutral
gastric mucins that stain magenta with periodic
acid-Schiff (PAS) and the acidic mucins present in
IM which stain blue with Alcian blue at pH 2.5. In
addition, high-iron diamine staining distinguishes

Mucins, Fig. 2 MUC2
expression in the goblet
cells of intestinal metaplasia
(a) and in a gastric
carcinoma (b)
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between acidic mucins that are sulfated from those
that are sialylated. With this classification, IM is
divided into three distinct types: Type I (complete)
when only sialomucins are expressed, Type II
(incomplete) when gastric and intestinal mucins
(sialylated) are present, and Type III (incomplete)
when sulfomucins are present. A more recent
classification divides intestinal metaplasia into
the complete type, characterized by decreased
expression of MUC1, absence of MUC5AC and
MUC6, and de novo expression ofMUC2, and the
incomplete type, characterized by the co-
expression of the gastric mucins (MUC5AC and
MUC6) with the intestinal mucin (MUC2)
(Teixeira et al. 2001). The most relevant aspect
of this classification is that incomplete intestinal
metaplasia (or Type III) is more strongly associ-
ated to gastric carcinoma development although
these classifications are not widely used in the
clinical practice.

In gastric carcinomas, mucin gene expression is
also altered being overall highly heterogeneous.
Aberrant expression of MUC2 is maintained in
about 30% of the gastric carcinomas, particularly
in those that are histologically subtyped asmucin-
ous carcinomas, characterized by strong expres-
sion of mucin proteins that dissociate the
extracellular matrix (Fig. 2b). The gastric mucin
MUC5AC is mainly expressed (about 65%) in
diffuse-type gastric carcinomas (according to
Laurén’s classification), whereas MUC6 expres-
sion is in general low, being present in about 20%
of gastric carcinomas, regardless of the histological
type. MUC1 expression is detected in the vast
majority of the gastric carcinomas, up to 90%, but
it has been shown that its detection depends on the
glycosylation status and therefore on the antibody
that is used (Reis et al. 2010). Though there are
conflicting results in the literature, it seems that the
pattern of mucin expression in gastric carcinomas
does not correlate with clinicopathological param-
eters that might reflect the behavior of the tumor.

Mucin glycosylation is also dramatically altered
in gastric preneoplastic and neoplastic diseases and
is also affected by H. pylori infection. It is known

that binding ofH. pylori to the gastric mucosa is, at
least in part, mediated by mucins and particularly
mucin glycans. The initial glycosylation changes
induced by this microorganism, the most promi-
nent of which is increased expression of Lea, favor
its adhesion to the gastric mucosa, which is
mediated by a variety of bacterial adhesins.
Paradoxically, with the course of infection and the
concomitant development of more severe lesions
namely, intestinal metaplasia, a microenvironment
is created that is not favorable to the bacterium and
leads to clearing of H. pylori from the metaplastic
glands (Teixeira et al. 2001). Dramatic alterations
of mucin gene expression, namely, absence of gas-
tricmucins (Fig. 3) and de novoMUC2 expression,
as well as of the glycosylation pattern, namely, de
novo expression of sialylated glycans, particularly
sialyl-Lea, accompany this process (Teixeira et al.
2001). Overexpression of sialyl-Lea as well as of
sialyl-Lex is also observed in gastric carcinomas
(see section “Table with Examples and Links” for
other examples) and is associated with increased
metastatic potential and poor prognosis. Another
common alteration of mucin glycosylation

Mucins, Fig. 3 Gastric mucosa with normal foveolar
epithelium with MUC5AC expression (red) adjacent to
complete intestinal metaplasia glands, without MUC5AC
expression (arrows). Helicobacter pylori (arrowheads),
stained black, is adherent to the normal glands and absent
from intestinal metaplasia
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observed along the gastric carcinogenic pathway is
increased expression of truncated glycan chains,
designated simple mucin-type sugar chains, consti-
tuted only by one sugar (Tn antigen) which can be
further sialylated (sialyl-Tn) or by two sugars (T
antigen). These glycans are pan-carcinoma anti-
gens (see section “Table with Examples and
Links” for other examples) and are observed in
more than 90% of the gastric carcinomas, also
associated with poor prognosis.

As already mentioned, mucins are highly var-
iable in size due to the VNTR polymorphism that
characterizes them. It has been shown that this
polymorphism might confer different susceptibil-
ities to diseases and infections and, in the stom-
ach, it has been demonstrated that “smaller”
MUC1 alleles confer increased risk for gastric
cancer development as well as chronic atrophic
gastritis and incomplete intestinal metaplasia
(Carvalho et al. 1997).

Application

Altered expression of carbohydrate and peptide
moieties of mucin glycoproteins are thus pheno-
typic molecular markers of gastric premalignant
and malignant lesions. Serological assays based
on the detection of the carbohydrate antigens SLea

(CA19-9) and STn (CA72.4) are currently used to
monitor gastric cancer progression, particularly
clinical response to therapy and cancer relapse.
These are not used for initial screening due to their
broad expression by other types of cancer as well
as non-neoplastic and inflammatory diseases. Pre-
operative CA19-9 concentration remains one of
the best prognostic factors in gastric carcinoma
and is an independent risk factor for cancer recur-
rence (see section “Table with Examples and
Links” for other examples). High CA72-4 expres-
sion levels are an independent prognostic factor
and are also used to predict gastric tumor recur-
rence (see section “Table with Examples and
Links” for other examples). Numerous studies
are still directed at identifying novel biomarkers
based on the mucin and glycosylation changes
that occur in the gastric carcinogenesis cascade
since they are highly expressed and easily

accessible in the serum through shedding or cleav-
age from invading cancer cells (Reis et al. 2010).

Table with Examples and Links

MUC5AC It is de novo expressed in Barrett’s
esophagus and in esophageal
adenocarcinoma
(adenocarcinoma, upper
gastrointestinal tract)

MUC6 It is de novo expressed in Barrett’s
esophagus and in esophageal
adenocarcinoma
(adenocarcinoma, upper
gastrointestinal tract)

MUC2 It is de novo expressed in Barrett’s
esophagus and in esophageal
adenocarcinoma
(adenocarcinoma, upper
gastrointestinal tract)
It is overexpressed in mucinous
colorectal carcinomas

MUC1 It is decreased in colorectal
carcinomas

T antigen It is overexpressed in carcinomas
from breast, colon, pancreas,
esophagus, bladder, ovary,
endometrium, and lung

Tn antigen It is overexpressed in carcinomas
from breast, colon, pancreas,
esophagus, bladder, ovary,
endometrium, and lung

Sialyl-Tn antigen
(CA72-4)

It is overexpressed in carcinomas
from breast, colon, pancreas,
esophagus, bladder, ovary,
endometrium, and lung

Serological levels are raised in
colorectal and pancreatic
cancer, and it is an independent
prognostic factor in pancreatic
cancer

Sialyl-Lea

(CA19-9)
It is overexpressed in carcinomas
from pancreas, colon, and lung
where it is associated with increased
metastatic potential and poor
survival

It is used to monitor clinical
response to therapy in pancreatic,
biliary, and colorectal cancer

Sialyl-Lex It is overexpressed in carcinomas
from pancreas, colon, and lung
where it is associated with increased
metastatic potential and poor
survival
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Synonyms

Appendiceal mucinous cystadenoma; Low-grade
appendiceal mucinous neoplasm (LAMN); Low-
grade appendiceal mucinous tumor; Mucosal
hyperplasia; Retention cyst; Retention mucocele

Definition

Appendiceal mucocele is an obstructive dilatation
of the appendix caused by intraluminal accumu-
lation of mucoid material (Fig. 1a, b). This purely
descriptive term was first coined by Rokitansky in
1855, and does not constitute a pathological diag-
nosis. The density of goblet cells is far greater
within the epithelium of the appendix than within
the colon. As a result, the most frequent

appendiceal epithelial tumors are mucinous and
begin as mucoceles.

The term “appendiceal mucocele” includes tra-
ditionally four histological groups: (i) simple
mucocele (also called retention cyst or retention
mucocele); (ii) mucosal hyperplasia; (iii) mucin-
ous cystadenoma; (iv) mucinous cystadeno-
carcinoma (Higa et al. 1973). Some authors,
however, recommend the use of the term
“mucocele” to be reserved solely for appendices
that are dilated and contain inspissated mucin and
devoid of mucin-secreting neoplasms.

Simple mucoceles (also called retention cysts
or retention mucoceles) usually follow acute
appendicitis with postinflammatory fibrosis,
obstruction by fecalith, and progressive mucin
accumulations. Appendiceal endometriosis is
also known to cause mucoceles.

Mucinous cystadenomas and mucinous
cystadenocarcinomas are not fully discussed in
this chapter (for a more detailed description,
refer to “▶Mucinous Cystadenoma, Appendix”
entry, and “▶Mucinous Cystadenocarcinoma,
Appendix” entry).

One rare variant of appendiceal mucocele is
called myxoglobulosis. The mucin forms small
occasionally calcified spheres. The distinctive fea-
tures of the globules give rise to terms such as
“fish-egg” or “caviar” appendix.

Clinical Features

• Incidence
Appendiceal mucocele is rare. It represents
only 0.2–0.7% of all appendectomy specimens
and 8% of appendiceal tumors.

Simple mucoceles and mucosal hyperplasia
each represent approximately 20% of all
mucoceles. Mucinous cystadenomas and
mucinous cystadenocarcinomas represent, in
average, 50% and less than 10% of all
mucoceles, respectively.

Finally, myxoglobulosis constitute roughly
0.35–8% of all mucoceles.

• Age
The incidence of appendiceal mucoceles is
mostly prevalent in the fifth and sixth
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decades of life, although they may be diag-
nosed at any age.

• Sex
Discrepancies exist between various
reports. However, female predominance is
more frequently described.

• Site
The clinical flow of the disease does not have
a specific picture. The mucocele of the appen-
dix may be symptomatic or asymptomatic,
being discovered, in about 50% of cases, inci-
dentally in a radiological or endoscopic test or
at laparotomy performed for other reasons.
Acute abdominal pain is the main clinical man-
ifestation of mucocele. Acute or chronic pain
in right iliac fossa is the most frequent symp-
tom, sometimes with a palpable abdominal
mass. An ovarian mass can also be observed
sometimes. Unusual manifestations are low
gastrointestinal bleeding associated with intus-
susception of the mucocele (Fig. 2).

Clinical presentations also include the pres-
ence of mucus outside of the appendix, with
sometimes abdominal distension and ascites.

• Treatment
Mucocele of the appendix may correspond to
a benign or malignant process, pushing toward
an individualized treatment in each case.
Because it is impossible to say at the time of
surgery if an appendiceal mucocele is benign
or malignant, the prudent surgical approach is

to regard every mucocele of the appendix as
potentially malignant.

Sugarbaker has proposed an algorithm for
the selection of the type of surgery. It includes
several factors, which are: (i) whether or not
a mucocele is perforated; (ii) whether the base
of the appendix (margins of resection) is
involved in the process; (iii) whether there are
positive mesoappendiceal and ileocolic lymph
nodes; and (iv) whether or not there are mucin
deposits outside of the appendix.

Intact mucoceles are not a threat for patients,
and appendectomy is the treatment of choice.
The right colectomy may not be necessary in
the management of appendiceal mucinous

Mucocele, Appendix, Fig. 1 (a) The appendix is dilated
and thin walled. The distal portion of the appendix is more
dilated than the proximal portion. There is no perforation.

(b) The appendix is opened lengthwise: a gelatinous mate-
rial is present in the lumen

Mucocele, Appendix, Fig. 2 Intussusception of the
appendix secondary to a mucinous cystadenoma
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neoplasms, particularly when the initial surgical
resection margins are not affected by neoplasia.

If treated improperly, the mucocele may
progress, epithelial cells may escape into the
peritoneal cavity, and pseudomyxoma peri-
tonei (refer to the section “Outcome”) may
develop. Thus, proper surgical management
of an appendiceal mucocele is essential and
special care in resection must be taken to
avoid trauma and possible rupture of the
appendix while being removed.

The peritoneal spaces surrounding the
appendix must be carefully inspected, and
a complete removal of the appendix and sur-
rounding periappendiceal tissues, if grossly
involved, is required. In the same way, if the
surgeon suspects a ruptured appendix or if the
tumor is associated with diverticula, a careful
examination of the abdominal cavity must be
performed in order to eliminate a peritoneal
dissemination of the tumor. In this case,
a prolonged clinical follow-up for these
patients for recurrent disease is proposed.
Aspiration of fluid from beneath the right
liver within the right retrohepatic space and
from the pelvis is recommended. The inspec-
tion of the abdominal cavity must also include
the ovaries. Any fluid or mucus and any tumor
nodules outside of the appendix must be sam-
pled for histological examination. If epithelial
cells are found in the mucin deposits, the
patient must be referred to an established peri-
toneal treatment center.

Management of peritoneal dissemination of
mucinous appendiceal neoplasms includes
cytoreductive surgery (known as the
Sugarbaker procedure), heated intraoperative
intraperitoneal chemotherapy, and early post-
operative intraperitoneal chemotherapy.
The cytoreductive surgery involves a series
of visceral resections and peritonectomy
procedures.

The extent of peritoneal dissemination is
determined by the peritoneal cancer index
(PCI) at the time of surgical exploration of
the abdomen and pelvis. This index has
a significant impact on survival for both high-
grade and low-grade diseases. Therapeutic

decisions for pseudomyxoma peritonei largely
depend on the distinction between low-grade
and high-grade peritoneal diseases.

Various authors have observed an associa-
tion between mucocele of the appendix and
other colorectal neoplasms, with a frequency
of �20%. It is therefore recommended to
perform a complete colonic examination intra
and/or postoperatively

In summary, appendectomy is the treatment
of choice. It is important to keep a mucocele
intact during surgery, to avoid dissemination of
mucoid material into the peritoneal cavity.
A correct diagnosis before surgery is very
important for selecting the appropriate surgical
technique.

• Outcome
A great majority of appendiceal mucoceles
removed by appendectomy are benign. The
outcome of simple mucocele, mucosal
hyperplasia, and mucinous cystadenoma after
appendectomy is excellent, reaching a 10-year
survival of about 91%.

When the appendix bursts due to internal
pressure from the mucus-producing neoplasm,
mucus and mucinous tumoral cells are released
into the free peritoneal cavity. Free tumor cells
are spread throughout the peritoneal cavity fol-
lowing a distribution pattern dependent on the
peritoneal fluid flow and gravity. Once perfo-
ration occurs and epithelial cells escape into
the peritoneal cavity, the mucocele becomes
a potentially lethal entity. The growth of neo-
plastic mucin-secreting cells within the perito-
neal cavity causes a slow but relentless
accumulation of mucin, resulting ultimately
in peritoneal implants and mucinous ascites
called pseudomyxoma peritonei (PP). The
hallmark of the PP is the large accumulation
of mucinous tumoral cells within the greater
and lesser omentum. Around 10–15% of
mucoceles progress to PP. The incidence of
perforation is much lower in simple mucocele
and mucosal hyperplasia than in mucinous
cystadenoma and cystadenocarcinoma.

A rupture of a retention mucocele is some-
times possible and may produce mucin accu-
mulation in the environment, potentially
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mimicking a PP. However, these mucin
deposits remain localized in the peri-
appendiceal region, do not contain epithelial
cells, and do not reaccumulate after
appendectomy.

PP lesions are defined by two main param-
eters: their topography and their pathologic
features. Mucin deposits can be localized
(located on the appendiceal serosa, within the
mesoappendix, or limited to the right lower
quadrant), or more generalized to the abdomi-
nal cavity where peritoneal fluids mostly accu-
mulate (greater and lesser omentum, the pelvis,
when entrapped within the cul-de-sac, the lig-
ament de Treitz, the undersurface of the dia-
phragms, and the left paracolic sulcus). Mucin
deposits in these cases may be acellular and
may contain neoplastic cells (“cellular
mucin”). The most critical factor predicting
behavior of PPs is the cytological grade. In
2010, the World Health Organization
published a classification that divides PPs into
low- and high-grade (Carr and Sobin 2010). In
low-grade lesions, cells form strips or small
islands. Typically, mucin deposits are abun-
dant, dissect peritoneal tissue, are separated
by collageneous bands, and contain scanty
cells. The mucin may sometimes appear acel-
lular. Papillary tufting can occur. These lesions
are characterized by low-grade cytological
atypia and by small and regularly shaped
nuclei. Mitoses are rare (Fig. 3). Nodal metas-
tasis is unusual. In contrast, high-grade PPs
show, at least focally, high-grade cytological
atypia. Cells are numerous and may form
strips, small islands, or cribriform structures.
Mitoses are more common and may be
atypical. Lesions are accompanied by a
desmoplastic stroma. Signet ring cell morphol-
ogy classifies a lesion as high-grade. Interest-
ingly, the categorization as either low-grade or
high-grade correlates with prognosis (Carr
et al. 2012). The grade of the PPs is generally
consistent with the grade of the primary neo-
plasm, but discordant cases can still occur.
Low-grade appendiceal mucinous neoplasm
(LAMN) may be associated with high-grade
PPs. In these cases, it is admitted that even if

the appendiceal lesion is of low-grade, the
patient must be treated the same way a patient
with high-grade PP is treated.

Previously, low-grade PPs, considered to
represent passive spread of adenomatous
epithelium into the peritoneum, secondary to
a mucocele rupture, were called by Ronnett et al.
“disseminated peritoneal adenomucinosis.”
Actual high-grade PPs were designated
“peritoneal mucinous carcinomatosis,” and
cases with both low- and high-grade features
were designated “peritoneal mucinous carcino-
matosis, intermediate grade.”

The overall 10-year survival rates of PPs
have reported to be around 21–45%, but
a recent study reported a rate of 63% for
patients treated with cytoreductive surgery
and hyperthermic intraperitoneal chemother-
apy. Patients with a complete cytoreduction
and low-grade tumors have an 80% survival
at 20 years. The most important indicator is the
completeness of cytoreduction. Low-grade
PPs are associated with significantly longer
survival than high-grade PPs.

Macroscopy

Appendiceal mucoceles result from luminal
obstruction with distension of part or all of the
appendiceal lumen by a large amount of mucus
(Fig. 1a, b). They most typically affect distal part

Mucocele, Appendix, Fig. 3 Low-grade pseudo-
myxoma peritonei
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of the appendix. An appendiceal mucocele may
also cause appendiceal intussusception (Fig. 2).

Most appendiceal tumors begin as a mucocele.
An appendix of more than 1 or 2 cm in diameter
suggests the existence of an underlying neoplasm.
These large mucoceles must be well sampled to
rule out the presence of a tumor.When a mucocele
is found, it is very important to determine whether
the appendiceal wall of that structure is intact or
has been breached (Fig. 4).

Given the prognostic implications of the extent
of mucin and neoplastic epithelium, it is
recommended that appendices containing mucin-
ous neoplasms be entirely submitted for
histological examination. In the situation of
appendiceal mucinous neoplasms with localized
periappendiceal mucin, complete microscopic
examination of the entire periappendiceal mucin
is also warranted.

When a tumor is found by histological analy-
sis, the pathologist should carefully re-examine
the appendix for areas of perforation, serosal
mucin accumulations, and invasive carcinoma.

The entire tumor should be submitted this exam-
ination in order to rule out invasion.

Margins in a simple appendectomy specimen
include the proximal and radial margins. It is
recommended that the proximal margin on
a single appendectomy specimen be taken en
face in order to evaluate the entire appendiceal
mucosa and muscularis circumferentially. In
right hemicolectomy specimens, the ileal and
colonic margins are the proximal and distal mar-
gins, respectively. In right hemicolectomy speci-
mens, pathological assessment of the regional
lymph node must be performed.

Microscopy

Simple mucoceles are usually unilocular, thin
walled, and characterized by degenerative epithelial
changes caused by obstruction, such as flattened,
atrophic epithelium, but still often prominent
Peyer’s patches. There are no proliferative changes.
Mucosal denudation is possible. The appendiceal
wall may appear fibrotic and chronically inflamed.
Granulomatous response may be observed (Fig. 5).

Mucosal hyperplasia is histologically similar
to a hyperplastic polyp. The glands have serrated
lumens lined by benign epithelium. Cytologic
atypia is absent.

The microscopic features of mucinous
cystadenoma and mucinous cystadenocarcinomas
are described in two specific chapters.

Mucocele, Appendix, Fig. 4 Low-grade appendiceal
mucinous neoplasm (LAMN). Mucin extruding from
a rupture site are marked by arrows. Considerable vascular
engorgement is noticeable and an abundant fibropurulent
exudate covers the appendix

Mucocele, Appendix, Fig. 5 The appendiceal lumen is
lined by epithelioid histiocytes. The wall appears fibrotic
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Immunophenotype

The mucin-producing cells are stained with dia-
stase-resistant periodic acid-Schiff (PAS) and
Alcian blue. The neoplastic epithelial cells are
immunoreactive with keratin-20 and intestinal
mucin marker MUC2.

Proliferative rates can be high.

Molecular Features

Molecular features are described in the two chap-
ters “Mucinous Cystadenoma” and “Mucinous
cystadenocarcinoma.”

Differential Diagnosis

When a mucinous cystadenoma gives rise to
a mucocele, the distension of the appendiceal
lumen by mucus compresses the neoplastic epi-
thelial cells, flattening it to a single cell and ren-
dering it hardly recognizable as being
neoplastic. In some cases, mucosal denudation
can be observed, and may lead to misdiagnosis
of mucinous cystadenoma. Multiple sections
should be taken to confirm the diagnosis of
mucinous cystadenoma. Staining with PAS or
Alcian blue can be of interest in that setting.

Other differential diagnoses are discussed in
the chapters “Mucinous Cystadenoma” and
“Mucinous cystadenocarcinoma.”
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Synonyms

Adenosquamous carcinoma; Mucoepidermoid
tumor; Squamous cell carcinoma with mucin-
secreting component

Definition

Mucoepidermoid carcinoma is a malignant epithelial
glandular tumor characterized by the presence, in
variable proportions, of mucin-producing, intermedi-
ate, and squamoid cells that can undergo columnar,
clear, and oncocytic change.

Clinical Features

• Incidence
Mucoepidermoid carcinoma is a very rare
esophageal neoplasm, accounting for less
than 1% of malignant neoplasms.

• Age
Most cases of mucoepidermoid carcinoma of
the esophagus are reported in patients in their
sixth to seventh decades.

528 Mucoepidermoid Carcinoma, Esophageal



• Sex
Most cases occur in men, with an M/F ratio
between 2:1 and 3:1.

• Site
Most mucoepidermoid carcinomas arise in the
lower two-thirds of the esophagus.

• Treatment
Surgery is the treatment of choice for
mucoepidermoid carcinoma, following the
guidelines for the treatment of esophageal
squamous cell carcinoma. Positive margins
and high histological grade warrant postopera-
tive radiotherapy. There is no demonstration
that combined chemoradiotherapy is effective
in mucoepidermoid carcinoma.

• Outcome
Prognosis of mucoepidermoid carcinoma of
the esophagus is unclear, but most reports
show that it has worse prognosis than the
salivary counterpart. The 5-year survival is
fewer than 40% since most patients present in
advanced clinical stages. Disease progression
occurs both locally and to distant sites. There is
no consistent information on the impact of
histological grade in tumor progression.

Macroscopy

Mucoepidermoid carcinomas present as solid,
firm submucosal tumors. They can grow to be
intraluminal, polypoid masses. Ulceration of the
overlying mucosa is frequent.

Microscopy

Mucoepidermoid carcinoma can be cystic or solid
or show a mixed architectural pattern. Cystic
tumors are usually low grade. It is
morphologically characterized by the presence of
three cell types, mucin-producing cells,
intermediate cells, and squamous cells, in variable
proportions. Mucin-producing cells are large, have
eccentric nuclei, and have intracytoplasmatic
mucin that can be highlighted with PAS,
mucicarmine, or Alcian blue histochemical stains.
Intermediate cells are cuboidal, with central nuclei

and eosinophilic cytoplasms. They can undergo
clear and oncocytic change. Polygonal squamous
cells are present but, by definition, no keratiniza-
tion is present. In mucosal sites, the presence of
epithelial dysplasia warrants the differential
diagnosis with other tumor types (see below)
(Figs. 1 and 2).

Histological grading is based on the systems
used for salivary mucoepidermoid carcinoma.

Mucoepidermoid Carcinoma, Esophageal,
Fig. 1 Mucoepidermoid carcinoma, grade II.
Mucin-producing cells are admixed with intermediate and
squamous cells, forming solid aggregates. There is no
keratinization. Atypia is mild in any of the cell
types (H&E)

Mucoepidermoid Carcinoma, Esophageal,
Fig. 2 Mucoepidermoid carcinoma. PAS highlights the
mucin-producing component and can be very useful in
the differential diagnosis with squamous cell carcinoma
(PAS)
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Immunophenotype

Immunohistochemistry is not useful for the diag-
nosis of mucoepidermoid carcinoma.

Molecular Features

Mucoepidermoid carcinoma has been found to
harbor, in around 70% of the cases, the t(11;19)
(q21;p13) balanced translocation as the sole
genetic abnormality that leads to a fusion gene
involving the MAML2 gene and CRTC1 gene or,
in around 5% of the cases, CRTC3 gene
as chromosomal partner. Currently, there is no
data in the literature of similar findings in esoph-
ageal mucoepidermoid carcinoma.

Differential Diagnosis

Extensive keratinization and the presence of
intercellular bridges favor the diagnosis of
squamous cell carcinoma or adenosquamous
carcinoma. Dysplasia of the overlying epithelium
almost invariable excluded mucoepidermoid
carcinoma. In adenosquamous carcinoma the
glandular component is clearly demarcated from
the squamous component.

CK7 is present in mucoepidermoid carcinoma
and not in squamous cell carcinoma. The most
important tool to diagnose mucoepidermoid
carcinoma is the search for intermediate cells.
The usefulness of the determination of the
CRTC1/3-MAML2 fusion status in the
differential diagnosis remains to be established,
but there is mounting evidence that points to its
routine clinical use.
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Synonyms

Inflammatory cloacogenic polyp/rectal mucosal
prolapse; Rectal prolapse syndrome; Solitary rec-
tal ulcer syndrome/rectal mucosal prolapse

Definition

Mucosal prolapse includes different abnormalities
of anorectal region: rectal prolapse, solitary rectal
ulcer syndrome, inflammatory cloacogenic polyp,
inflammatory cap polyp, and proctitis cystica
profunda.

These somewhat overlapping entities represent
the spectrum of pathologies resulting from ische-
mic mucosal changes and injury followed by
inflammation, repair, and regenerative changes.
Mucosal prolapse syndrome is observed in
patients with acute diarrhea, chronic constipation,
connective tissue diseases, history of radiation or
previous surgery, rectal polyps, rectal neoplasia,
or hemorrhoids. Substantial number of patients
with cystic fibrosis develop mucosal prolapse
syndrome.
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The primary clinical feature is related to bowel
habit abnormalities, usually in the form of consti-
pation. Straining at defecation with secondary
muscular spasm causes mucosal shears and ulcer-
ations. Clinical features of rectal bleeding, pain,
tenesmus, and fecal incontinence belong to the
most commonly reported symptoms in patients
with mucosal prolapse.

Rectal prolapse may be complete and graded
from first degree (full thickness of the rectum is
protruded including mucocutaneous junction), to
second degree (complete prolapse without muco-
cutaneous junction involvement), to third degree
(concealed prolapse with rectum wall intussus-
ception in anal canal). Additionally, anatomic
abnormalities are present including deep
rectovaginal or rectovesical pouch, atonic muscu-
lature of pelvic floor, abnormal rectal fixation with
elongated mesorectum, redundant rectosigmoid
colon, and abnormal sphincter function.

Clinical Features

• Incidence
General incidence is not known; solitary ulcer
rectal syndrome affects 1–3 in 100,000.

• Age
At any age starting from childhood (rectal pro-
lapse), with peak incidence in third and fourth
decades (SRUS), to older patients (prolapsing
mucosal polypoid folds). Eighty percent of
patients are younger than 50 years.

• Sex
For SURS patients, females predominate males
by several times; inflammatory cap polyps are
also more common in women. No evident sex
predilection is seen in cases of inflammatory
cloacogenic polyps.

• Site
Anterior rectum in SURS, anterior anorectal
junction in inflammatory cloacogenic polyps,
rectum, and anal canal for proctitis cystica
profunda

• Treatment
Medical therapy includes changes in dietary
habits (increased fiber consumption, stool soft-
eners), biofeedback, psychological counseling,

and pelvic floor exercises. Surgical treatment
(rectopexy with rectal resection) in severe
cases. Rectal prolapse in children usually cor-
rects without intervention; sclerotherapy may
also be used.

• Outcome (Prognosis)
Recurrence rate after surgical treatment
reaches 15%. Recurrence of clinical symptoms
after medical treatment is common (up to
40–50%; expected results of biofeedback, psy-
chological counseling, and bowel movements
training are seen usually no sooner then
9–12 months.

Macroscopy

Rectal prolapse includes all layers of the rectum,
which leads to rectal wall intussusception.
Mucosa may be erythematous or ulcerated;
polypoid lesions often develop. In SURS polyp-
oid lesion may be single or multiple – see section
on SURS. Inflammatory cap polyps are usually
umbilicated and form red areas of granulation.
Areas of protruding fibrin collections are often
the feature. Similarly in inflammatory cloacogenic
polyps, sessile or pedunculated lesions with sur-
face erosion, ulceration, and fibrin exudates are
seen. They range from 1 to 2 cm in diameter. In
patients with proctitis cystica profunda mucosal
edema, erythema and mucosal irregularity with
pronounced lumpy folds are grossly found. Pol-
ypoid formations, mucosal friability, ulcers, and
cauliflower-shaped mass may also be the case.
The cysts may be macroscopically seen within
intestinal wall. These cysts contain mucous or
mucous-like secretions.

Microscopy

Early histological features include mucosal ero-
sions and ulcers with nonspecific reactive inflam-
mation. Collagenous band beneath surface
epithelium thickens; vessels are dilated and
congested. Ulcers are superficial. Later on lamina
propria is replaced by smooth muscle cells and
fibroblasts which are arranged perpendicularly to
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muscularis mucosae. The glands may become
dilated, regenerative, mucin depleted, and
hyperplastic.

Microscopic variants of mucosal prolapse
syndrome:

– Inflammatory cap polyp – clinically associated
with mucus diarrhea, tenesmus, or rectal bleed-
ing consisting of tortuous, hyperplastic crypts,
fibromuscular hypertrophy, and goblet cells
hypertrophy. The glands have serrated mor-
phology resembling hyperplastic polyps. The
lesion is often covered with the cap of granu-
lation tissue and fibrin.

– Inflammatory cloacogenic polyp – a small
polyp at anorectal junction, usually on the
anterior wall of the rectum. Mucosa is of tran-
sitional type and the hypertrophic polypoid
glandular epithelium may be mixed with squa-
mous epithelium. Strands of muscles radiate
from muscularis mucosae to inflamed lamina
propria. Regenerative changes of the epithe-
lium may simulate dysplasia, in addition
glands may be displaced in submucosa mim-
icking carcinoma invasion.

Two abovementioned microscopical manifes-
tations of mucosal prolapse have generally two
components – surface erosion with reactive
inflammatory and reparative changes and glandu-
lar hyperplasia. The degree of superficial pseudo-
villous mucosal remodeling may be substantial.
Glandular pseudoatypia and pseudoinvasion
should not be mistaken for dysplasia or neoplastic
invasion – see differential diagnosis.

– Solitary rectal ulcer syndrome – see in section
on SURS.

– Proctitis cystica profunda – in this condition
mucosa is displaced into the stroma and continues
to produce mucus. Cysts lined with glandular
epithelium are found in submucosa; additional
features of mucosal prolapse syndrome may be
shown.More superficial changes of inflammatory
cloacogenic or cap polyp may be seen.

Immunophenotype

No specific feature is reported.

Molecular Features

No specific feature is reported.

Differential Diagnosis

The mucosal prolapse syndrome with its subtypes
may be erroneously diagnosed as IBD – particu-
larly when the ulcers, fistulas, and mucosal
inflammation dominate in histological picture.
Early stages with collagen bundle thickening are
sometimes taken for collagenous colitis.

Fibromuscular proliferation may resemble
Peutz-Jeghers polyp, but it is organized in perpen-
dicular fashion. Furthermore inflammatory
cloacogenic polyps are usually isolated, while
Peutz-Jeghers polyps are multiple in most of the
cases.

Proctitis cystica profunda must be differenti-
ated from endometriosis – analysis of epithelium
with immunohistochemical stains for estrogen
receptors and CD10 may be useful.

The most important risk is confusing mucosal
prolapse cases from neoplastic lesion.
Tubulovillous growth pattern and regenerative
atypia may recall neoplastic process. However,
fibromuscular proliferation and the absence of
desmoplastic stromal reaction are against the
diagnosis of neoplasia. In proctitis cystica pro-
funda, invasive mucinous carcinoma must be
ruled out.
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Necrotizing Enterocolitis
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Synonyms

NEC; Neonatal necrotizing enterocolitis

Definition

Necrotizing enterocolitis (NEC) is a common dis-
tinctive disease of premature infants characterized
by coagulative necrosis and inflammation of the
small and large intestine. It is the most common
gastrointestinal medical and surgical emergency
in the neonatal period.

The pathogenesis of NEC is still incompletely
understood and is likely attributable to a complex
mechanism. Hypoxia-ischemia is less postulated
nowadays and there is an increasing evidence of
relation between altered mucosal integrity and
prematurity itself. Many factors potentially
predispose the premature intestine to injury.
These include an inadequate intestinal barrier,
incomplete microvasculature development or an
immature regulation of the intestinal vascular per-
fusion, an inflammatory response triggered by
abnormal bacterial colonization and an immature
immune response leading to inefficient killing of

microbes that then translocate through the intesti-
nal epithelium.

Immaturities of several pathways that regulate
inflammationmay predispose premature infants to
inflammation, and a large number of inflamma-
tory mediators have been associated with NEC.
One particular mediator, platelet-activating factor
(PAF), has been implicated in increasing mucosal
permeability by promoting enterocyte apoptosis.
In addition, inflammatory mediators are induced
by the presence of bacterial toxins and play an
important role in the pathophysiology of tissue
distraction in NEC. Besides prematurity, most
cases are associated with enteral feeding,
suggesting that some postnatal insult (such as
introduction of bacteria) is involved in the
pathogenesis. Feeding of milk formulas can
cause bacterial colonization and therefore NEC,
because they do not contain secretory immuno-
globulin A, which binds to the intestinal luminal
cells and prevents bacterial transmural transloca-
tion. To be noted, while infectious agents are
likely to play a role in NEC pathogenesis, no
single bacterial pathogen has been linked to the
disease.

The etiology of NEC in term and near-
term infants may be different than that addressed
in the premature infants and may be related
to the entities such as cow's milk
protein–induced enterocolitis and glucose-6-
phosphate dehydrogenase deficiency.

Although various clinical and radiographic
signs and symptoms are used to make the
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diagnosis, the classic clinical triad consists of
abdominal distension, bloody stools, and
pneumatosis intestinalis. The latter is the radio-
logical hallmark of the condition. Occasionally,
signs and symptoms include temperature
instability, lethargy, or other nonspecific findings
of sepsis. NEC, in severe cases, can cause
profound impairment of multiple organ systems.

Clinical Features

• Incidence
As neonatal intensive care has progressed and
premature newborns have become to survive
long enough for the development of disease,
the incidence of NEC has increased. It is more
prevalent in premature infants with incidence
inversely related to the birth weight and gesta-
tional age. NEC occurs in 1–3 per 1,000 live
births and is seen predominately in premature
infants with an incidence of about 6–7% in
very low birth weight (VLBW) babies (birth
weight<1,500 g). Similarly, rates significantly
decrease for infants born after 35–36 week
postconceptional age.

• Age
NEC typically occurs in the second to third
week of life in the infant who is premature
and has been formula fed. The average age of
onset in premature infants seems to be related
to postconceptional age, with babies born ear-
lier developing NEC at a later chronologic age.
The average age of onset has been reported to
be 20.2 days for babies born at less than 30
weeks of estimated gestational age (EGA),
13.8 days for babies born at 31–33 weeks of
EGA, and 5.4 days for babies born after 34
weeks of gestation. However, up to 10% of
infants with NEC are born at term, and the
disease may develop early with the average
age of onset within the first week of life or,
sometimes, within the first 1–2 days of life.

• Sex
Studies investigating the relationship between
sex and NEC have had inconsistent findings.

Therefore, whether gender is a risk factor for
NEC remains unclear.

• Site
The small intestine or colon may be also
affected alone, whereas the entire tract is
involved in the severe cases. In the majority
of cases, the most severely affected portions
are the terminal ileum and cecum (80%) and
the ascending colon, although any part of the
gastrointestinal tract may be involved.

• Treatment
The management of NEC depends upon the
severity of illness as classified by the Bell
staging criteria. Medical management
including cessation of oral feedings, adminis-
tration of antibiotics is appropriate in most
cases. Long-term parenteral nutrition is
required in many cases. However, infants
with advanced NEC and bowel perforation
require surgical intervention.

• Outcome
With early recognition and improved
supportive intensive care, the survival of
infants with NEC has steadily improved. How-
ever, NEC accounts for substantial long-term
morbidity in survivors of neonatal intensive
care, particularly in VLBW infants. Of the
patients who survive, 50% develop a long-
term complication. The two most common
complications are intestinal stricture and
short-gut syndrome. Other complications
include peritonitis, sepsis, and compromised
nutrition. Prolonged hyperalimentation and
the absence of enteral nutrition can cause cho-
lestasis, direct hyperbilirubinemia, and other
metabolic complications. Infants who survive
NEC are at increased risk for neurodeve-
lopmental disorders. Recurrent NEC is an
uncommon complication that can occur after
management of NEC.

Macroscopy

On gross examination the finding in most of the
cases is that of a patchy segmental necrosis with
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intervening spared areas (Fig. 1); half of the cases
show a continuous segment of intestine with
circumferential necrosis, dilation, and friability.
Subserosal collections of gas occasionally are
present along the mesenteric border. Gangrenous
necrosis occurs on the antimesenteric border, and
perforation may be present. If perforation occurs,
peritonitis is evident. As the gut heals, thickening
of the bowel wall, fibrinous adhesions, and areas
of stenosis appear.

Microscopy

Overall microscopic features are similar in most
cases of NEC, but the findings vary considerably
from one microscopic field to another. The mucosa
shows a combination of coagulative necrosis,
inflammation, and hemorrhage (Fig. 2). The
pathology is limited to the mucosa in the early
stages but at least focally transmural in the surgical
or autopsy cases. Inflammation and coagulative
necrosis often occur together in a given segment,
but in some instances, one or the other may
predominate. Focal necrotic pseudomembrane
formation is seen in approximately 10% of cases.
Mixed intestinal bacteria are often visible in the
lumen or within the necrotic superficial mucosa.

Pneumatosis intestinalis is found in approximately
one-half of surgical specimens with NEC, usually
limited to the submucosa. These gas bubbles have
been shown to contain hydrogen, a product of
bacterial fermentation. More than half of the
cases undergoing laparotomy show focal repara-
tive epithelial changes and other evidence of
healing, such as the formation of granulation tissue
and crypt distortion. Villous atrophy may be
observed. Intestine compromised by NEC, but
not resected during the acute phase of the disease,
may develop progressive circumferential submu-
cosal fibrosis during healing, causing intestinal
stricture.

Immunophenotype

Immunologic immaturity and immunological dys-
function may play a role in the etiology of the
disease.

Molecular Features

Cellular protective mechanisms such as epidermal
growth factor, transforming growth factor b1, and

Necrotizing Enterocolitis, Fig. 1 In this resected spec-
imen, scattered and discontinuous areas of necrotic bowel
(yellow-tan areas) are apparent and demarcated from areas
of viable bowel (Courtesy of Dr Diclehan Orhan,
Hacettepe University, Ankara, Turkey)

Necrotizing Enterocolitis, Fig. 2 In this medium power
H&E stained micrograph, the mucosa is diffusely necrotic,
while the mucosa is entirely necrotic on the right side, the
basal epithelium appears preserved on the left. The inner
layer of the muscular wall on the right is undergoing
necrosis and dissolution
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erythropoietin are downregulated, further
compromising the infant's ability to mount
a protective response. Twin studies have
suggested susceptibility to NEC may be affected
by a genetic component. Animal models have
focused on single-nucleotide polymorphisms that
negatively affect innate immune responses to bac-
terial antigens. Infants with distinct genotypes of
various cytokines have also been associated with
higher frequencies of NEC.

Differential Diagnosis

The histologic findings of neonatal NEC are
similar to those of ischemic bowel disease in
older children and adults. However, it differs
from ordinary ischemic bowel disease in its
microscopic features of prominent bacterial
colonies and pneumatosis intestinalis. Epidemio-
logic observations suggest that infection may play
a primary role in some cases. Occasional
epidemics have been documented to be
associated with specific enteric organisms, such
as E. coli, Klebsiella pneumoniae, C. difficile, and
rotavirus. However, most cases of neonatal NEC
are sporadic, and in neither the sporadic cases nor
in most epidemics is a specific pathogen found.
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Synonyms

Neuroendocrine carcinoma; Neuroendocrine
tumors; Small cell carcinoma

Definition

Neuroendocrine neoplasms very rarely occur in
the anus. There is no case of anal carcinoid tumor
described in the literature, but some cases have
perhaps been assimilated to rectal tumors.
There are only rare isolated case reports of
anal neuroendocrine carcinoma, small cell
neuroendocrine carcinoma, and composite neuro-
endocrine carcinoma – in situ squamous cell car-
cinoma or adenocarcinoma published in the
literature.

Clinical Features

Patients complain of anal pain, rectal bleeding,
and the presence of a perianal mass.

• Site
The neuroendocrine tumors probably arise
from neuroendocrine cells residing in colorec-
tal type mucosa or in the anal transitional zone
mucosa.

• Incidence, age, sex
Due to the rarity of these tumors, it is difficult
to assess the prevalence of this entity, the sex
ratio, and the age of patients.
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• Treatment
There is no standard treatment for this rare
tumor. A few patients have limited or curative
surgical resection such as abdominoperineal
resection, but it does not significantly impact
the progression of the disease. Chemotherapy
consisting of cisplatin and etoposide is often
used as palliative therapy.

• Outcome
Well-differentiated neuroendocrine tumors
(carcinoid tumors) of the anorectum are
usually small, benign tumors, with an indolent
clinical course.

High-grade neuroendocrine carcinomas,
small cell or non-small cell type, have an
aggressive course and a poor prognosis. Half
of the patients have metastases at diagnosis.
Some patients develop recurrence, metastases,
and die few months after diagnosis or surgery.

Macroscopy

Tumors present as polypoid and or ulcerated, firm,
whitish or yellowish masses.

Microscopy

Carcinoid tumors appear as nests, cords with
sometimes pseudo-acini in hyaline stroma. They

consist of round or cylindrical cells with an
eosinophilic cytoplasm having round or oval
regular nuclei with no or low mitotic activity.

Cases of anal neuroendocrine carcinoma
reported in the literature are usually grade 2
(with 2–20 mitoses per 10 high power fields, and
a Ki67 index estimated at 2–20%) or grade 3 (with
more than 20 mitoses per 10 HPF and a Ki67
index superior to 20%).

High-grade neuroendocrine carcinoma con-
sists of nests or sheets of round or cylindrical
cells with nuclear pleomorphism, a high mitotic
activity, and often foci of necrosis (Fig. 1a). It is
often a small cell neuroendocrine carcinoma,
consisting of small round cells with scant
cytoplasm, a markedly high nuclear cytoplasmic
ratio, and hyperchromatic nuclei with finely
granular chromatin and inconspicuous or rarely
conspicuous nucleoli. Mitoses are numerous, and
there are foci of necrosis.

Immunohistochemical Features

Neuroendocrine tumors show positive staining for
pan-cytokeratin, EMA and neuroendocrine
markers: chromogranin A, synaptophysin, and
CD56 (Fig. 1b). Ki67 is useful to determine
the proliferative index. Small cell carcinoma of
the anus may show immunoreactivity for thyroid
transcription factor-1 (TTF-1).

Neuroendocrine Neoplasms of the Anus, Fig. 1 High-grade neuroendocrine carcinoma of the anus (a), strongly
positive for CD56 – NCAM (b)
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Differential Diagnosis

Anorectal carcinoid tumors with a tubular pattern
maybe confusedwith conventional adenocarcinoma.
High-grade neuroendocrine carcinoma may be con-
fused with poorly differentiated adenocarcinoma,
basaloid squamous cell carcinoma, or melanoma.

This may be particularly problematic in biopsy
samples so that immunohistochemical neuroendo-
crine markers are helpful to confirm the diagnosis
of neuroendocrine neoplasm.

Cross-References

▶ Paget’s Disease of the Anus
▶ Squamous Cell Carcinoma, Anus
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Neuroendocrine Tumor, Colon and
Rectum

Ozgul Sagol
Department of Pathology, Dokuz Eylul University
Medical School, Inciralti, Izmir, Turkey

Synonyms

Carcinoid tumor; Endocrine neoplasm; Neuroen-
docrine carcinoma; Neuroendocrine neoplasm

Definition

Neuroendocrine neoplasia (NEN) is a general
term including broad family of neoplasms

originating in neural and endocrine structures.
NEN may be localized in pure endocrine organs
(thyroid, parathyroid, and adrenal glands), nerve
plexuses, extraadrenal paraganglia (para-
gangliomas), and diffuse endocrine system in dif-
ferent organs including gastrointestinal tract.
Fourteen different cell types, producing variety
of hormones, have been described as components
of diffuse endocrine system. Neuroendocrine cells
of diffuse endocrine system that give rise to gas-
trointestinal NENs are endodermally derived and
originate from gastrointestinal stem cells. Neuro-
endocrine cells and their neoplastic counterparts
secrete peptide hormones and biogenic amines.
Besides, with electron microscopy, typical large
neurosecretory granules and small synaptic like
vesicles are shown in their cytoplasm. These
structures are also observed in neurons. NENs
are composed of one or more of these neuroendo-
crine cell types. Neuroendocrine nature of tumor
cells is revealed by identification of general
markers of neuroendocrine differentiation by
immunohistochemistry. Additionally these
tumors have some histologic patterns enabling
them to be recognized as neuroendocrine tumors.

Specific hormones can also be detected in
tumor cells by immunohistochemistry. NENs of
the colon and rectum are either of enterochromaf-
fin (EC) cell type or L cell type. EC cell NENs
occur mainly in the right colon and are character-
ized by serotonin production. Functioning tumors
in the colon and rectum are extremely rare.

NENs of the colon and rectum are classified
and graded according to WHO 2010. Three types
of entities are recognized: neuroendocrine tumor
(NET, G1, and G2), neuroendocrine carcinoma
(NEC, G3), and mixed adenoneuroendocrine car-
cinoma (MANEC). These categories are distin-
guished by tumor grading which is based on the
detection of the proliferative capacity of tumors as
well as morphology. Rectal NENs are commonly
small and generally low to intermediate grade
(Grades 1 or 2), whereas colonic NENs are often
aggressive, poorly differentiated, and higher
grade (G3), although well differentiated NETs
occur in colon as well. Rectal NETs are more
frequent than small intestinal NETs. The inci-
dence of multicentric NETs of the colon is low.
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NECs primarily occur in the cecum. They usu-
ally present in advanced stage and have high
capacity of lymph node and distant metastasis.

Clinical Features

• Incidence
The incidence of colonic NETs in the US
SEER database is approximately 0.2 per
100,000. In Europe, the reported incidence is
0.06 per 100,000. Colonic NETs account for
7.5% of all NETs in US series while 4–7% in
European series and 8% in Asian series.
NETs of the rectum have been increasing in
incidence. The latest SEER report revealed an
incidence of 0.86 per 100,000. Rectal NETs
account for 18% of all NETs and 27% of all
gastrointestinal NETs. Rectal NETs reported in
Europe is 5–14% of all NETs. In Asia, rectal
NETS accounted for 60–89% of all gastroin-
testinal carcinoids.
NECs comprise approximately 0.6% of all car-
cinomas of large bowel.

• Age
For colonic NETs the mean age of diagnosis is
approximately 55–65 years. Rectal NETs are
diagnosed in relatively younger patients, with
a mean age at diagnosis of 56.2 years.

• Sex
Rectal NETs are more common in women in
US population.

• Site
NETs are more common in rectum (54%)
followed by cecum (20%), sigmoid colon
(7.5%), rectosigmoid (5.5%), and ascending
colon (5%). NECs are located either in the
right colon or rectosigmoid.

• Treatment
Rectal NETS (<2 cm) are treated by endo-
scopic resection techniques (simple poly-
pectomy, endoscopic mucosal resection with
modified EMR-band ligation, endoscopic sub-
mucosal dissection, and transanal endoscopic
microsurgery). Rectal tumors (>2 cm), T3 or
T4 stage, with G3 grading or rectal tumors with
lymph node involvement, are treated like ade-
nocarcinomas. Colonic tumors >2 cm, tumors

with muscular invasion, and G3 tumors are
also treated like adenocarcinomas.
Chemotherapy is appropriate for G3 NECs but
has little role in G1 and G2 colorectal NETs.

• Outcome
NETs of rectum and cecum are likely to have
metastasized to regional lymph nodes or cause
distant metastasis if they are larger than 2 cm
and have invaded muscularis propria. Rectal
tumors less than 1 cm have a very low risk of
metastasis. Between 1 and 2 cm, the risk of
metastasis is 5%. Endoscopic transanal exci-
sion is curative. 5-year survival rate was
reported as 100% for rectal NETs less than
2 cm and did not invade the muscular mucosa.
Larger rectal tumors carry a higher malignant
potential with subsequent metastases to bone,
lymph nodes, and liver. Overall, distant metas-
tases from rectal NETs occur in only 2.3% of
cases.
About 40% of colonic NETs have metastases at
the time of diagnosis. Metastases are fre-
quently found in the liver, lymph nodes,
mesentery, or peritoneum and patients have
a 5-year survival rate of about 43–50%.

Macroscopy

Well-differentiated rectal tumors are mostly found
incidentally during endoscopy as small (50%
<1 cm) moveable submucosal tumors. In the
majority of cases, the neoplasm is found
4–13 cm above the dentate line and on the anterior
and lateral wall. NETs of the colon are usually
located in the cecum. They are usually larger than
tumors in small intestine, appendix, and rectum
(average size: 4.9 cm). In cases of ulcerative coli-
tis, NETs occur throughout the colon. Colonic
NETs can also be found together with Crohn’s
disease, polypous colonic adenomas, and colorec-
tal carcinomas. Their appearance is of yellowish
polypoid or flat doughnut-shaped lesion but there
may be central ulceration especially in tumors
larger than 2 cm.

Colorectal NECs are grossly similar to adeno-
carcinomas. They may be polypoid if associated
with adenoma or they may be infiltrative.
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Microscopy

The microscopic features are related to tumor
differentiation and tumor grade. Well-
differentiated NETs with low to intermediate pro-
liferative rate are composed of monomorphic,
medium sized cells with abundant, eosinophilic,
finely granular cytoplasm. The nuclei of tumor
cells are regular and have clumped chromatin
pattern. Mitoses are rare. In colonic NETs, tumor
cells grow as solid nests with peripheral palisad-
ing, sometimes with formation of rosettes and
cribriform patterns. A prominent desmoplastic
stroma frequently surrounds tumor cell nests.
NETs of rectum are characterized by a trabecular
pattern sometimes with rosettes and tubular struc-
tures. The stromal reaction is minimal. Most of
these tumors belong to grade G1 category (Fig. 1).

Poorly differentiated NECs (PDNECs) with
high proliferative rate are mostly located in
cecum and classified as small and large cell
types according to cell size and nuclear character-
istics. The nuclei of small cell type are usually
fusiform and show hyperchromasia, finely granu-
lar chromatin pattern, inconspicuous or absent
nucleoli, and frequent mitosis. The cytoplasm is
sometimes evident, narrow, and eosinophilic.
These tumors have a more diffuse architecture.
There is usually single cell or geographic necrosis.
Large cell NECs more typically demonstrate
a nested architecture and prominent nucleoli. In

colon and rectum, 75% of NECs are large cell type
but in anal region small cell type predominates. In
colon, NECs are frequently (61%) associated with
adenocarcinoma (Fig. 2). If one of the compo-
nents exceeds 30%, it qualifies for the diagnosis
of MANEC. At least 2 neuroendocrine markers
must be diffusely positive in order to establish
a diagnosis of large cell NEC.

The grading and staging of colorectal NENs
are similar to their small intestinal counterparts.

Immunophenotype

NETs of rectum are positive for synaptophysin,
glucagon, glicentin, and pancreatic polypeptide,
whereas they are usually negative for
chromogranin A. Cecal NETs are positive with
serotonin, synaptophysin, and chromogranin A.

Neuroendocrine Tumor, Colon and Rectum,
Fig. 1 Rectal polypoid NET (Grade 1) (100�, H&E)

Neuroendocrine Tumor, Colon and Rectum,
Fig. 2 Colonic NEC with focal (<30%) adenocarcinoma
component (20�, H&E). NEC component large cell type
(100�, H&E) with high Ki-67 index
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Prostatic acid phosphatase is positive in most of
colorectal NETs.

Molecular Features

Loss of heterozygosity at theMEN-1 gene locus is
rare in colorectal NETs. Colorectal NECs display
abnormalities in p53 and CDKN2/Rb pathways,
FHIT (3p), DCC/SMAD 4(18q), and MEN 1.
NECs of small cell type often show loss of expres-
sion of RB gene product.

Differential Diagnosis

NETs must be differentiated from low grade ade-
nocarcinomas especially in endoscopic biopsies.
NECs especially of large cell type must be differ-
entiated from poorly differentiated carcinomas.
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Neuroendocrine Tumor, Esophagus
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Portugal

Synonyms

Mixed adenoneuroendocrine carcinomas
(MANECs); Neuroendocrine carcinoma (NECs);
Neuroendocrine tumors (NETs)

Definition

Neuroendocrine neoplasms of the digestive
system (Rindi et al. 2010), namely, in the
esophagus, include (1) Neuroendocrine tumors
(NETs) – carcinoids and well-differentiated endo-
crine tumors/carcinomas; (2) Neuroendocrine car-
cinomas (NECs) – poorly differentiated endocrine
carcinomas, high-grade neuroendocrine carcino-
mas, and small-cell and large-cell endocrine car-
cinomas; and (3) Mixed adenoneuroendocrine
carcinomas (MANECs) (Arnold et al. 2010);
there are also hyperplastic and preneoplastic neu-
roendocrine lesions. NETs are well-differentiated
neuroendocrine neoplasms comprising cells with
similar features to those of the normal gut endo-
crine cells, expressing markers of neuroendocrine
differentiation (e.g., diffuse and intense
chromogranin A and synaptophysin) and hor-
mones, with mild-to-moderate nuclear atypia and
low mitotic index and/or low Ki67(proliferation-
related antigen) index, including the following:
(1) NET G1 (grade 1) displays <2/10 high
power field (HPF) mitotic index and/or �2%
Ki67 index (this is the only situation where the
use of the term carcinoid may be accepted) and
(2) NET G2 (grade 2) displays 2–20/10 high
power field mitotic index and/or 3–20% Ki67
index. NECs are poorly differentiated malignant
neoplasms comprising small, intermediate to large
cells, sometimes resembling neuroendocrine
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tumor, expressing markers of neuroendocrine dif-
ferentiation (e.g., diffuse synaptophysin and focal
chromogranin A), with marked nuclear atypia,
multifocal necrosis, and >20/10 high power field
mitotic index and/or >20% Ki67 index (grade 3
(G3)). MANECs are malignant neoplasms com-
prising both epithelial gland (rarely squamous)
and neuroendocrine components, with at least
30% of either component, that should be graded
separately. Grading of neuroendocrine neoplasms
of the digestive system is mandatory for their
classification (Rindi et al. 2006, 2007).

Clinical Features

• Incidence
Neuroendocrine neoplasms of esophagus are
very rare (<0.1%) and most reported cases
are neuroendocrine carcinomas or mixed
adenoneuroendocrine carcinomas.

• Age
Most reported cases occur in the sixth/seventh
decades.

• Sex
The male/female ratio is 6:1 or higher.

• Site
Most neuroendocrine neoplasms occur in the
distal (lower third of the) esophagus. Neuroen-
docrine carcinomas associate with Barrett
esophagus. Neuroendocrine tumors are often
incidental findings in Barrett esophagus, het-
erotopic oxyntic mucosa, and esophagus
adenocarcinoma.

• Treatment
Safe treatment of small (<1.5 cm) neuroendo-
crine tumors aiming R0 margin status may be
accomplished with endoscopic resection
(Arnold et al. 2010). Due to the rarity of neu-
roendocrine carcinomas and mixed adenoneur-
oendocrine carcinomas, there are no
established guidelines for their treatment. Sur-
gery (subtotal esophagectomy or subtotal var-
iants), neoadjuvant, and other therapies should
be personalized based on several parameters,
including the histological subtype, grade, and
tumor node metastasis (TNM)/stage of each

primary, recurrent/metastatic neuroendocrine
neoplasm.

• Outcome
The prognosis of patients with neuroendocrine
esophagus neoplasms seems to associate with
histologic subtype, grade, and stage. The tumor
node metastasis and residual tumor (TNMR)/
stage system for these neoplasms is the same
used for other carcinomas of the esophagus.
The limited data available indicates that neuro-
endocrine carcinomas and mixed adenoneur-
oendocrine carcinomas bear poor (may give
<1 year overall survival) and neuroendocrine
tumors better (possible clinical remission after
surgical/endoscopic R0 resection of localized
neoplasms) prognosis, depending on grade/
stage (Arnold et al. 2010).

Macroscopy

Neuroendocrine tumors are small and polypoid
(NET G1) or may be large ulcerous-infiltrative
masses (NET G2). Neuroendocrine carcinomas
and mixed adenoneuroendocrine carcinomas are
usually large (>4 cm), exophytic, and/or ulcerated
masses that extend along and infiltrate the esoph-
agus wall (Arnold et al. 2010).

Microscopy

Neuroendocrine tumors (see section “Defini-
tions”) comprise tumor cells with small, rounded,
uniform nuclei and moderate cytoplasm, with var-
iable insular, solid nest, acinar, trabecular, and
cribriform patterns. Most are found incidentally
in association with Barrett esophagus and adeno-
carcinomas. Neuroendocrine carcinomas (see sec-
tion definition) associate also with Barrett
esophagus; comprise small round to spindle
tumor cells with scant or more cytoplasm (inter-
mediate cells), ill-defined cell borders, round or
oval hyperchromatic finely granular nuclei with
molding, absent or inconspicuous nucleolus; and
form solid sheets and nests (small-cell neuroen-
docrine carcinomas) (Fig. 1); foci of squamous
and/or mucoepidermoid differentiation may be
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observed. Large-cell neuroendocrine carcinomas
comprise large to intermediate cells, with low
nucleus/cytoplasm ratio, eosinophilic cytoplasm,
and vesicular nuclei with evident nucleoli and dis-
play organoid pattern with solid nests or
acinar structures. Mixed adenoneuroendocrine
carcinomas (see definitions) may combine
a neuroendocrine carcinoma (very rarely
a neuroendocrine tumor) with (mostly) adenocarci-
noma or squamous carcinoma (Arnold et al. 2010).

Immunophenotype

See definitions. Neuroendocrine neoplasms
express low-molecular-weight keratins.
Neuroendocrine tumors may express vesicular
monoamine transporter, indicating enterochromaf-
fin phenotype. Neuroendocrine carcinomas/mixed
adenoneuroendocrine carcinomas express CD56
(cluster differentiationmolecule 56), CD57 (cluster
differentiation antigen 57 (Leu-7)), NSE (neuron-
specific enolase), and rarely TTF1 (transcription

termination factor 1), calcitonin, ACTH (adreno-
corticotrophic hormone), and other hormones.

Molecular Features

There are no consistent available molecular data
for neuroendocrine esophagus neoplasms.

Differential Diagnosis

The diagnosis of neuroendocrine neoplasms is
usually straightforward based on adequate
clinical/imaging evaluation, sampling, histology,
and immunohistochemistry studies. Small-cell
neuroendocrine carcinomas should be distin-
guished from poorly differentiated squamous cell
carcinoma, basaloid squamous carcinoma, malig-
nant lymphoma, and secondary invasion of
primary small-cell carcinoma of the lung.
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Neuroendocrine Tumor, Esophagus, Fig. 1 Esopha-
gus neuroendocrine carcinoma. Note the absence of
intraepithelial neoplasia
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Neuroendocrine Tumor, Gastric

José Manuel Lopes
Faculty of Medicine of the University of Porto
and Institute of Molecular Pathology
and Immunology of the University of Porto,
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Synonyms

Mixed adenoneuroendocrine carcinomas
(MANECs); Neuroendocrine carcinomas
(NECs); Neuroendocrine tumors (NETs)

Definition

Neuroendocrine neoplasms of the digestive sys-
tem (Rindi et al. 2010), namely, in the stomach (g-
NENs), include (1) Neuroendocrine tumors
(NETs) – carcinoids and well-differentiated endo-
crine tumors/carcinomas; (2) Neuroendocrine car-
cinomas (NECs): poorly differentiated endocrine
carcinomas, high-grade neuroendocrine carcino-
mas, small-cell and large-cell endocrine carcino-
mas; and (3) Mixed adenoneuroendocrine
carcinomas (MANECs) (Solcia et al. 2010);
there are also hyperplastic and preneoplastic neu-
roendocrine lesions. Precursor neuroendocrine
lesions of the stomach that occur in hyper-
gastrinemic conditions (autoimmune chronic atro-
phic gastritis, multiple endocrine neoplasia type 1,
and Zollinger-Ellison syndrome) include (a)
enterochromaffin-like cell (ECL) hyperplasia (lin-
ear, micronodular <150 mm, and adenomatoid)
and (b) dysplasia (enlarged micronodules
>150 mm, fused micronodules, microinfiltration
of lamina propria, association with new stroma).
Micro-NETs are neuroendocrine neoplasms
>0.5 mm or with invasion of submucosa, but
<0.5 cm in largest dimension. NETs are well-
differentiated neuroendocrine neoplasms
�0.5 cm largest dimension, comprising cells
with similar features to those of the normal gut
endocrine cells, expressing markers of neuroen-
docrine differentiation (e.g., diffuse and intense

chromogranin A and synaptophysin) and hor-
mones, with mild-to-moderate nuclear atypia and
low mitotic index and/or low Ki67(proliferation-
related antigen) index: (a) NET G1 (grade 1)
displays <2/10 high power field mitotic index
and/or� 2% Ki67 index (this is the only situation
where the use of the term carcinoid may be
accepted), and (b) NET G2 (grade 2) displays
2–20/10 high power field mitotic index and/or
3–20% Ki67 index. Most g-NENs comprise non-
functioning enterochromaffin-like (ECL) cells
and encompass three distinct types: (1) type I
(often NET G1), associated with achlorhydria
secondary to autoimmune atrophic fundic gastritis
(A-CAG); (2) type II (NET G1-G2), associated
with hypergastrinemia resulting from neoplastic
secretion from gastrinomas (Zollinger-Ellison
syndrome – ZES), mostly in patients with
multiple endocrine neoplasia type 1 (MEN1);
and (3) type III (mostly NEC G3) (Fave et al.
2012), sporadic, not associated with autoimmune
atrophic fundic gastritis or MEN1-ZES.NECs are
poorly differentiated malignant neoplasms com-
prising small, intermediate to large cells, some-
times resembling neuroendocrine tumor,
expressing markers of neuroendocrine differenti-
ation (e.g., diffuse synaptophysin and focal
chromogranin A), with marked nuclear atypia,
multifocal necrosis, and >20/10 high power field
mitotic index and/or >20% Ki67 index (G3).
MANECs are malignant neoplasms comprising
both epithelial gland (rarely squamous) and neu-
roendocrine components, with at least 30% of
either component, that should be graded sepa-
rately. Grading of neuroendocrine neoplasms of
the digestive system is mandatory for their classi-
fication (Rindi et al. 2006, 2007).

Clinical Features

• Incidence
Neuroendocrine tumors show an incremental
trend incidence up to 0.18–0.24/100 000 Cau-
casians/year, higher in African Americans,
reaching 11–41% of the digestive neuroendo-
crine neoplasms (Solcia et al. 2010). Gastric
neuroendocrine neoplasias (g-NENs) include
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type I neoplasms (50–75%), type II (25–50%),
type III (mostly G3), and neuroendocrine carci-
nomas (<1–3%); enterochromaffin, gastrin, and
ghrelin cell tumors comprise < 1% of g-NENs
(Fave et al. 2012). Neuroendocrine carcinomas
and mixed adenoneuroendocrine carcinomas
account for 6–12% g-NENs (Solcia et al. 2010).

• Age
NETs type I, mean age 63 years (range,
15–88); type II, mean age 50 years
(range, 28–67); type III, mean age 55 years
(range, 21–38). NECs/MANECs: mean age
63 years (range, 41–61) (Solcia et al. 2010).

• Sex
Male/Female ratio: NETs type I (1:2.5), type II
(1:1), and type III (2.8:1); NECs/MANECs
(2:1) (Solcia et al. 2010).

• Site
Type I, type II, and type III g-NENs: gastric
body-fundus or body-antrum border; gastrin
cell neuroendocrine tumors in antropyloric
region, EC cell tumors in any gastric region,
and the only reported ghrelin cell tumor in the
corpus; gastrin cell neuroendocrine tumors in
the antropyloric region; neuroendocrine carci-
nomas; and mixed adenoneuroendocrine carci-
nomas in any gastric site (Solcia et al. 2010).

• Treatment
NETs type 1: conservative based on endoscopic
follow-up and/or polypectomy of tumors; endo-
scopic ultrasound evaluation particularly if
tumor>1 cm andwhen there is neither evidence
of involvement beyond submucosa nor evi-
dence of lymph node involvement, poly-
pectomy/endoscopic mucosal resection; safe
surgical resection (local resection, antrectomy,
and total gastrectomy) should be based on sur-
gical margin status, location, and stage for NET
types I and II. For NETs type III, neuroendo-
crine carcinomas, and mixed adenoneur-
oendocrine carcinomas, surgical treatment
should follow the same principles as for gastric
adenocarcinomas.

• Outcome
NETs type I usually have an excellent prognosis
(80–100% survival) (Solcia et al. 2010; Fave
et al. 2012) when managed by endoscopic fol-
low-up and tumor resection; there is a median

recurrence-free survival of 24 months and 3%
develop neuroendocrine carcinoma (Fave et al.
2012); 5% develop lymph node metastases
(Solcia et al. 2010). NETs type II have
a metastatic rate of 10–30% (Solcia et al.
2010) mostly in lymph nodes (30%) (Solcia
et al. 2010) and liver (Fave et al. 2012); mortal-
ity rate is <10%. NETs type III have
a metastatic rate of 50–100% and a mortality
of 25–30% (Fave et al. 2012). Neuroendocrine
carcinomas have usually poor prognosis and
short survival (Solcia et al. 2010).

Macroscopy

NETs type I: small (most<1 cm, often<1–2 cm),
multiple (65%), and polypoid (78%) in the
mucosa; less often in the submucosa; and 7%
involving the muscularis propria. NETS type II:
often <1–2 cm, 75% <1.5 cm, multiple, and
polypoid mucosal-submucosal tumors associated
with thickened gastric wall. NETs type III: single,
>2 cm (33%), polypoid, and ulcerated, with infil-
tration of the muscularis propria (76%) and the
serosa (53%). Neuroendocrine carcinomas and
mixed adenoneuroendocrine carcinomas present
features similar to gastric adenocarcinomas
(Solcia et al. 2010).

Microscopy

NETs (see definitions) comprise tumor cells with
regular uniform nuclei, usually unapparent nucle-
oli, and moderate eosinophilic cytoplasm, with
variable microlobular-tabecular (Figs. 1 and 2),
mosaic-like, solid nests, and gyriform patterns.
NETs type I associate with complete or near-
complete (type A) gastric atrophy with extensive
intestinal metaplasia of the gastric body-fundus;
ECL cell (diffuse, linear, and micronodular) hyper-
plasia may be observed in up to 30% of the cases,
and dysplasia in 6% (see definitions). NETs type II
associate with hypertrophic-hypersecretory-type
gastropathy. NETs type III display solid or large
trabecular patterns comprising round to spindle and
polyedric tumor cells with large vesicular nuclei
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and prominent nucleoli or small hyperchromatic
nuclei with chromatin clumps and small nucleoli.
NECs (see definitions) comprise small round to
spindle tumor cells with scant or more cytoplasm
(intermediate cells), ill-defined cell borders, and
round or oval hyperchromatic finely granular
nuclei with molding, absent, or inconspicuous
nucleolus and form solid sheets and nests (small-
cell NECs). Large cell NECs comprise large to
intermediate cells, with low nucleus/cytoplasm
ratio, eosinophilic cytoplasm, vesicular nuclei
with evident nucleoli, and organoid pattern.
MANECs (see definitions) may combine a NEC
(often of large-cell type) with (usually) adenocar-
cinoma (Solcia et al. 2010).

Immunophenotype

See definitions. Neuroendocrine neoplasms express
low-molecular-weight keratins, chromogranin
A (Fig. 3), and synaptophysin. NETs may express
vesicular monoamine transporter (ECL cells), sero-
tonin, ghrelin, gastrin, somatostatin, pancreatic
polypeptide, and alpha-human chorionic gonadotro-
phin. NETs type III express (tumor suppressor
protein 53) p53 (60%). NECs/MANECs express
CD56 (cluster differentiation molecule 56) and
NSE (neuron-specific enolase).

Neuroendocrine Tumor, Gastric, Fig. 1 Low power
features of gastric NET

Neuroendocrine Tumor, Gastric, Fig. 2 High power
view of monotonous neoplastic cells of gastric neuroendo-
crine tumor

Neuroendocrine Tumor, Gastric, Fig. 3 Low power
features of diffuse chromogranin A expression in gastric
NET
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Molecular Features

NETs type II: LOH (loss of heterozygosity) at
11q13 in patients with MEN1 (multiple endocrine
neoplasia type 1); differences in deletion size from
multiple NETs in the same stomach suggest their
multiclonal origin. Less than half of non-MEN 1
NETs display LOH at 11q13 and 11q14. Mutation
ofMEN1 is rare in sporadic g-NENs. Mutations of
REG1A (regenerating islet-derived 1 gene) occur
in ECL NETs type I. Minimal deletion region
restricted to Xq25 and Xq26 occurs in NETs and
NECs. TP53 (tumor suppressor protein 53), FHIT
(fragile histidine triad), DCC (deleted in colorectal
cancer), SMAD4/dpc4 (deleted in pancreatic car-
cinoma, locus 4), and MEN1 gene alterations are
more frequent in NECs than in NETs. Mixed
adenoneuroendocrine carcinomas seem to display
higher frequency of chromosomal alterations than
neuroendocrine carcinomas.

Differential Diagnosis

The diagnosis of neuroendocrine neoplasms is
usually straightforward based on adequate clini-
cal/imaging evaluation, sampling, histology, and
immunohistochemistry studies. Small-cell neuro-
endocrine carcinomas should be distinguished
from basaloid squamous carcinoma, malignant
lymphoma, and secondary involvement of pri-
mary small-cell carcinoma from other location.
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Neuroendocrine Tumor, Small
Intestine

Ozgul Sagol
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Synonyms

Carcinoid tumor; Endocrine neoplasm; Neuroen-
docrine carcinoma; Neuroendocrine neoplasm

Definition

Neuroendocrine neoplasm (NEN) is a general
term including a broad family of neoplasms with
neural and endocrine features. NENs may be
localized in pure endocrine organs (tyroid, para-
thyroid and adrenal glands), nerve plexuses,
extraadrenal paraganglia (paragangliomas) and
diffuse endocrine system in different organs
including gastrointestinal tract. Fourteen different
cell types, producing variety of hormones have
been described as components of diffuse endo-
crine system. Neuroendocrine cells of diffuse
endocrine system that give rise to small intestinal
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NENs are endodermally derived and originate
from gastrointestinal stem cells. Neuroendocrine
cells and their neoplastic counterparts, secrete
peptide hormones and biogenic amines. On elec-
tron microscopy, typical large neurosecretory
granules and small synaptic like vesicles are
found in their cytoplasm. These structures are
also observed in neurons. NENs are composed
of one or more of these neuroendocrine cell
types. Neuroendocrine nature of tumor cells is
based on the identification of general markers of
neuroendocrine differentiation. Additionally,
these tumors have some histologic patterns
enabling them to be recognized as neuroendocrine
tumors.

Specific hormones (Somatostatin, gastrin, glu-
cagon, etc.) can also be detected in tumor cells by
immunohistochemistry. Tumors causing a clinical
syndrome (functional tumors) by excess produc-
tion of a specific hormone are named by adding -
oma to that specific hormone (gastrinoma,
glucagonoma etc.).

In the current classification of neuroendocrine
tumors, first proposed by the European Neuroen-
docrine Tumor Society (ENETS) and then
adopted by the World Health Organization
(WHO), there are two main neuroendocrine
tumor groups with completely different clinical
courses: well-differentiated neuroendocrine
tumor (WD-NET) and poorly-differentiated neu-
roendocrine carcinoma (PD-NEC). WD-NETs
closely resemble non-neoplastic neuroendocrine
cells, while PD-NECs are high-grade carcinomas.
These two entities are distinguished by tumor
grading which is based on the detection of the
proliferative capacity of tumors as well as the
morphology. Majority of small intestinal tumors
are WD-NETs with low to intermediate prolifera-
tive activity. All NETs of small intestine are con-
sidered as potentially malignant neoplasms and
shouldn’t be reported as benign neoplasms. They
differ in their metastasizing capacity. NETs of the
small intestine are difficult to diagnose and
account for a substantial number of “unknown
primary” NETs.

Neuroendocrine tumors of small intestine
may be associated with a clinical syndrome (func-
tioning) or may be non-functioning. In small

intestine, on the basis of their clinical, morpho-
logical and hormonal features the following
types of neuroendocrine tumors have been
described:

Gastrin producing NETs with Zollinger
Ellison Syndrome (Gastrinomas): Gastrinomas
are sporadic or occur in the setting of MEN1
syndrome in 20–30% of cases. They are most
frequently seen in the first part of the duodenum.
They are usually small (less than 2 cms). In the
setting of MEN 1 syndrome the tumors tend to be
multiple and very tiny. Gastrinomas are found to
have regional lymph node metastasis at the time of
diagnosis in 50–90% of cases.

Non-functioning duodenal NETs: These
tumors are also localized in the proximal duode-
num. They are small and limited to mucosa-
submucosa like gastrinomas. When compared
with gastrinomas, their lymph node and distant
metastasis are rare (5–10% of cases). They are not
associated with a clinical syndrome but hormons
like gastrin, serotonin or calcitonin are often dem-
onstrated within the tumors by
immunohistochemistry.

Somatostatin producing NETs with or with-
out Neurofibromatosis type 1: Somatostatin pro-
ducing NETs account for 20% of all duodenal
NETS and occur predominantly in the ampullary
and periampullary region. About 20–30% of
tumors are associated with NF1. They are non-
functional unlike pancreatic somatostatinomas.
Their mean size is reported as 2.3 cms.

Gangliocytic paragangliomas are discussed
separately.

Neuroendocrine carcinomas (Poorly differ-
entiated, grade 3 NECs): NECs account for less
than 1–3% of duodenal neuroendocrine neoplasia
and primarily occur in or close to ampulla of
Vater. They usually present in advanced stages
and have high capacity of lymph node and distant
metastasis.

In studies reporting five types of duodenal
NENs, duodenal gastrinomas are the most
frequent, followed by somatostatinomas, non-
functional serotonin-containing tumors, non-
functional calcitonin-containing NETs (mean 9
8 2.5%, 4 series) and finally rare gangliocytic
paragangliomas or NE carcinomas.
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Jejunal/Ileal NETS: Tumors originating from
small intestine outside duodenum are located in
ileum, jejenum and Meckel diverticulum. They
usually present in the distal part of the ileum
close to the ileocecal valve. NETS of ileum are
not associated with inherited syndromes like
MEN1 or NF1, but they are sometimes familial.
Twenty six to 30% of cases are multiple. Ileal
NETs are well differentiated serotonin secreting
neoplasms usually with low proliferation index.
Though grade 3 tumors are exceptional, metasta-
sis to regional lymph nodes and liver are fre-
quently seen at the time of diagnosis. Ileal NETs
may cause hormonal (carcinoid) syndrome
(5–7.7% of cases with serotonin producing
NETs) due to serotonin hypersecretion. The car-
cinoid syndrome is most frequently (95%) seen in
patients with liver metastasis and characterized by
chronic diarhoea, flushing, bronchial constriction,
tricuspid valve sclerosis and regurgitation and
right sided heart failure.

Neuroendocrine tumors of the jejunum are rare
and poorly characterized. The prognostic differ-
ence of proximal and distal tumors were reported
recently. Upper jejunal neuroendocrine tumors are
considered as a small subset of duodenal-like
tumors, which are larger, locally invasive and
usually metastatic tumors with good prognosis.
In contrast, lower jejunal neuroendocrine tumors
form a homogeneous group of enterochromaffin
cell tumors, similar to their ileal counterparts.

Clinical Features

• Incidence
Neuroendocrine neoplasms originating in the
small intestine are rare. The current ENETS
guideline on small intestinal tumors reports
their incidence as 0.32/100,000 in England,
0.33/100,000 in Japan, 0.67/100,000 in the
USA, 0.81/100,000 in Norway and 1.12/
100,000 in Sweden according to the most
recent literature. Duodenal neuroendocrine
neoplasias comprise 1.8–3.8% of all NE
tumors, they occur in 0.03–0.05% of all autop-
sies and comprise 1–3% of all primary duode-
nal tumors.

Duodenal and jejunal NETs account for
22% of all gastrointestinal NETs. Ileal NETs
account for 25% of all gastrointestinal NETs.

• Age
Duodenal and jejunal NETs are usually seen in
the 5th and 6th decades. Ileal NETs are seen
between 3rd and 10th decades with a peak in
sixth decade.

• Sex
Duodenal and jejunal NETs are seen more fre-
quently in men (Male/Female = 1.5/1) while
ileal NETs are seen equally in both sexes.

• Site
Neuroendocrine tumors can occur in all parts
of small intestine but proximal duodenum,
papilla of Vater and terminal ileum are pre-
ferred sites. More than 90% of all duodenal -
NENs arise in the first and second part of
the duodenum. Approximately 20% of
duodenal -NENs occur in the periampullary
region.

• Treatment
Duodenal neuroendocrine neoplasias should
be completely excised unless there are distant
metastases or limiting medical conditions.
Endoscopic mucosal resection is applied to
small duodenal tumors (<1 cm). For tumors
in the periampullary region, surgical resection
with lymphadenectomy is recommended.
Larger tumors (i.e., 1–2 cm) or tumors of any
size with lymph node metastases should be
treated surgically.

For patients with functional hormonal syn-
dromes, specific therapy for the state of excess
hormone should be instituted (somatostatin
analogs -SSA for carcinoid syndrome, and
treatment of ectopic Cushing’s syndrome med-
ically or by adrenalectomy).

For jejunoileal NETs surgery of the primary
tumor should be performed by segmental
resection with wide lymphadenectomy. After
curative surgery, there is no indication for spe-
cific medical treatment and there is no proven
role for neoadjuvant or adjuvant medical treat-
ment in small intestinal NEN.

In patients who has hepatic metastases that
are potentially resectable surgical resection
and/or ablative therapy should be considered.
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Medical therapy options for anti-
proliferative purposes include SSA and peptide
receptor radionuclide therapy (PRRT). SSA are
preferred for G1 tumors. Chemotherapy is
recommended to treat G3 tumors, with combi-
nations of cisplatin and etoposide.

• Outcome
Despite their small size, gastrinomas are found
to have regional lymph node metastasis at the
time of diagnosis in 50–90% of cases. Liver
metastasis are seen in 10% of cases. Non-
functioning gastrin producing NETs rarely
metastasize (in 5–10% of cases) to lymph
nodes and liver. Somatostatin producing
NETs show paraduodenal lymph node metas-
tasis in >50% of cases especially when larger
than 2 cms, and involving the muscularis pro-
pria. It has been reported that 30% of ileal
NETs with a diameter of 1 cm and 100% of
ileal NETs larger than 2 cm have lymph node
metastasis.

The 5-year survival with different tumor
extent with duodenal neuroendocrine neopla-
sia is 80–95% for local disease, 65–75% with
regional metastasis only, and 20–40% for the
5–10% of patients with liver or distant meta-
static disease. Invasion of duodenal neuroen-
docrine neoplasia into the muscularis mucosa,
large primary tumor size, and increased mitotic
activity correlate with the occurrence of meta-
static disease or aggressive growth.

In jejunoileal neuroendocrine neoplasia,
survival rates depend on tumor grade and
TNM-stage: 5-year overall survival rates for
all stages are between 50% and 60%. Five
year survival is between 80% and 100% for
locally-advanced disease, 70–80% for cases
with regional lymph node involvement (stages
I–IIIa) and 35–80% for stage IV disease.

Macroscopy

Gastrinomas are usually small (<2 cm, mean:
0.8 cm) polypoid lesions located in the first part
of duodenum. The overlying mucosa may be
intact or ulcerated. In the setting of MEN 1 syn-
drome the tumors may be multiple and very tiny.

The lymph nodemetastasis of gastrinomas may be
larger than their primaries. Well differentiated
NETs of lower jejunum and the ileum present as
small sessile nodules with a diameter of 1–2 cm.
They are multiple in 30% of cases. Their cut
surface is yellow-gray. Deep infiltration of mus-
cular wall and peritoneum is frequent. Involve-
ment of mesentery may cause desmoplastic
reaction with subsequent angulation and luminal
obstruction.

Microscopy

The microscopic features of neuroendocrine neo-
plasia are related to tumor differentiation and
tumor grade. Well differentiated neuroendocrine
tumors with low to intermediate proliferative rate,
are composed of monomorphic, medium sized
cells with abundant, eosinophilic, finely granular
cytoplasm. The nuclei of tumor cells are regular
and have clumped chromatin pattern. Mitoses are
rare (Fig. 1). Oncocytic and clear cell features
have also been described. Cytologic atypia of
varying degrees can be seen especially in tumors
with large size. In well differentiated NETs, the
cells are arranged in various combination of insu-
lar, trabecular, gyriform or glandular patterns
enabling them to be recognized as NETs. Histo-
logic patterns may sometimes be associated with
specific localizations and cell types. Somatostatin
producing NETs in ampulla have a glandular pat-
tern frequently with psammoma bodies in the
lumina. Ileal NETs show cells with insular pattern
embedded in sclerotic hypocellular stroma
(Fig. 2) and may cause bowel obstruction.
Gastrinomas are well differentiated tumors with
trabecular and pseudoglandular pattern.

On the other hand, poorly differentiated NECs
(PDNECs) with high proliferative rate are classi-
fied as small and large cell types according to cell
size and nuclear characteristics. The nuclei of
small cell type is usually fusiform and show
hyperchromasia, finelly granular chromatin
pattern, inconspicuous or absent nucleoli and fre-
quent mitosis (Fig. 3). The cytoplasm is some-
times prominent, narrow and eosinophilic. These
tumors have a more diffuse architecture. There is
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usually single cell or geographic necrosis. Large
cell NECs more typically demonstrate a nested
architecture and prominent nucleoli.

The distinction of well differentiated from
poorly differentiated tumors is probably one of
the most important pathologic assessments related
to these neoplasms. The introduction of grading
and staging with WHO 2010 classification
enabled patient stratification and management in
these tumors. The grade of NETs has been found
to be a fundamental predictor of outcome. A three-
tiered grading system of gastroenteropancreatic
neuroendocrine neoplasms was proposed by
European Neuroendocrine Society (ENETS) and
World Health Organization (WHO). The system is
based on assessment of the proliferative capacity
of tumors by counting mitosis and calculating the
Ki-67 index of tumor cells. ENETS and WHO
recommend counting mitosis and Ki-67 stained

cells in the most proliferative regions (hot spots).
Mitosis should be counted in hematoxylin and
eosin stained slides in at least 40 HPFs and
expressed as the number of mitosis in 10 HPFs
(2 mm). The Ki-67 index should be assessed in
2000 tumor cells and expressed as percentage.

In WHO 2010 classification, the terminology
of gastroenteropancreatic neuroendocrine tumors
reflects their grade and differentiation: Grade 1
(<2 mitosis per 10 HPFs and/or Ki-67 index
� 2%) and Grade 2 (2–20 mitosis per 10 HPFs
and/or Ki-67 index between 3% and 20%) tumors
correspond to well differentiated NETs and Grade
3 (>20 mitosis per 10 HPFs and Ki-67 index
> 20%) indicates a poorly differentiated “neuro-
endocrine carcinoma” (NEC).

One of the issues to be considered in this grad-
ing system is that mitotic rate and Ki-67 index are
not always concordant. When they are discordant,
it is the Ki-67 index that points to a higher rate. In
that situation it is recommended that the tumor
should be defined according to the higher grade.

Tumor stage is the other factor predicting prog-
nosis in NETs. AJCC and ENETs staging systems
use the same parameters for intestinal NETs as for
the staging of exocrine intestinal carcinomas. For
all NETs, size of the tumor, depth of maximal
invasion through the intestinal wall, number of
metastatic lymph nodes (together with the total
number of nodes examined) must be reported for
proper staging.

Immunophenotype

Neuroendocrine cells and their neoplastic coun-
terparts stain with general neuroendocrine
markers which include Chromogranin A, Syn-
aptophysin, NSE, PGP-9.5, CD57 and CD-56.
Additionally, specific hormons like gastrin, sero-
tonin, calcitonin, pancreatic polypeptide, ACTH
and somatostatin can be shown in tumor cells by
immunohistochemistry.

The minimal immunohistochemical tests
recommended by ENETs guidelines are
Chromogranin A, Synaphtophysin and Ki-67.
Ki67 is useful to classify patients according to
WHO classification 2010 (G1-G3, NET or

Neuroendocrine Tumor, Small Intestine, Fig. 1 NET
(Grade 1 and 2). Note more prominent mitotic activity and
nuclear atypia in G2 tumor when compared with G1 tumor
(Arrows show mitosis)
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NEC). Chromogranin A and Synaptophysin reac-
tivity is generally diffuse, but the intensity varies.
In NECs Chromogranin staining may be focal or
absent, whereas Synapthophysin staining is dif-
fuse and intense.

Fifty percent of the gastrinoma cases stains
with CDX2 while one-half of the somatostatin
producing NETs lack Chromogranin
A expression although they stain with syn-
aphtophysin and somatostatin.

Immunohistochemical staining for somato-
statin receptor subtype 2 (SSR-2) has been
suggested by several studies as indicative of
a therapeutic response to SSA treatment. How-
ever, currently it is considered optional.

In the setting of liver metastases from
a neuroendocrine neoplasia of unknown primary,
immunohistochemical CDX-2 positivity and/or sero-
toninwith negativity for TTF-1 and ISL-1 is support-
ive of intestinal, especially jejuno-ileal origin.

Molecular Features

Abnormalities in several cell cycle regulatory path-
ways have been described in neuroendocrine neo-
plasias. Abnormalities in chromosome 11 often at
theMEN1 gene locus, has been detected in duode-
nal neoplasms in both NETs and NECs. LOH at the
MEN-1 locus was found in 60% of sporadic duo-
denal gastrinomas.MEN1mutations were detected
in 10–25% of sporadic gastrinomas. Ileal NETs
rarely showMEN 1 gene abnormalities. Compara-
tive genomic hybridization studies of ileal NETs
have demonstrated losses of chromosome 9p18p,
18q and gains of chromosome17q and and 19p.
LOH of chromosome 18 has been detected in 88%
of ileal NETs. Loss of chromosome 18q have been
reported to indicate adverse prognosis but currently
not tested routinely. APC gene mutations and
Homeobox gene HOXC6 upregulation are also
detected in ileal NETs.

Neuroendocrine Tumor,
Small Intestine,
Fig. 2 Ileal NET (Grade 2)
with muscularis propria
invasion. Typical organoid
pattern and desmoplastic
stroma is seen (H&E, 20X,
100X)
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High-grade NECs share gene abnormalities
with conventional cancers, TP53 is the the most
frequent abnormality but genetic testing does not
have diagnostic relevance.

Germline DNA testing is only recommended
in the presence of a positive family history of
MEN-1 or if multiple tumors are present. Genetic
analysis should also be performed in suspected
cases of MEN-1. Somatic (tumor) DNA testing
is not recommended.

Differential Diagnosis

Small intestinal NETs, especially somatostatin
producing tumors of ampulla must be differenti-
ated from low grade adenocarcinomas. Ampullary
NECs which are predominantly large cell type

must be differentiated from poorly differentiated
adenocarcinomas.
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Synonyms

Agranulocytic colitis; Ileocaecal syndrome;
Neutropenic enteropathy; Phlegmonous caecitis;
Typhlitis

Definition

Neutropenic enterocolitis is an inflammatory and
necrotizing process, predominantly involving the
caecum, occurring in neutropenic patients.
Because of its caecal localization, the disease is
also named typhlitis, deriving from the Greek
word typhlon, meaning caecum.

Neutropenic enterocolitis is a life-threatening
disease for the first time described in children with
leukemia in 1933. It is most commonly observed
after chemotherapy for a hematological or
a lymphoproliferative malignancy, but it may

also found in relationship to a wide variety of
solid tumors, e.g., colorectal, breast, lung, and
ovarian cancer. It is also reported in patients with
an acquired immunodeficiency syndrome (AIDS),
aplastic anemia, cyclic neutropenia, after an autol-
ogous stem cell transplantation or in those, show-
ing idiosyncratic drug reactions involving
antibiotics or immunosuppressives. Neutropenic
enterocolitis has been associated with several che-
motherapeutics, such as taxanes, 5-fluorouracil,
capecitabine, cyclophosphamide, and cisplatin.

The clinical presentation is variable with
symptoms such as vomiting, diarrhea, abdominal
cramping, abdominal pain, frequently situated in
the right lower quadrant, eventually with rebound
tenderness, abdominal distension, abdominal
guarding, pyrexia, stomatitis, and occult fecal
blood loss. Sepsis may develop within hours or
a number of days. As these symptoms are not
specific, other diseases should be excluded such
as infectious colitis, pseudomembranous colitis,
inflammatory bowel disease, diverticulitis,
appendicitis, or colonic pseudo-obstruction.
Neutropenia (peripheral blood absolute
neutrophil count <0.1 � 109/L) is in the majority
of patients diagnosed, but 12% patients show
these symptoms without neutropenia.

The pathogenesis of neutropenic enterocolitis
is multifactorial. Due to the application of
chemotherapeutics, the mucosa becomes injured,
causing a destruction of the surface epithelium.
Because of the loss of epithelial integrity and the
defective immune response due to the neutrope-
nia, patients are at risk to develop an abdominal
infection. The intestinal flora may be replaced
with opportunistic micro-organisms, such as
bacteria and fungi. The flora consists mainly of
Gram-positive cocci, Gram-negative bacilli,
anaerobes, and less common fungi, in particular
Candida species. Originally it was thought
that Clostridium septicum, a rod-shaped,
spore-forming, anaerobic, Gram-positive bacte-
rium, is the primary pathogen in neutropenic
enterocolitis. Studies however have shown that
the bacteremia, occurring in nearly 50% of the
patients, is caused by enteric organisms such as
Escherichia coli, Pseudomonas aeruginosa,
enterococci, or anaerobes, e.g., Clostridium
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species. Fungi, which are isolated in 53% of the
postmortem cases, belong to the Candida species
in the majority of cases, but other fungi such as
Aspergillus species have been reported.

Because of the nonspecific symptoms, the
diagnosis of neutropenic enterocolitis may be
delayed. Early diagnosis and intervention is
however necessary to reduce morbidity and
mortality. Routine laboratory tests are not
specific but are applied to assess the condition of
the patient. Routinely used radiological imaging
techniques in the diagnosis of neutropenic entero-
colitis are abdominal ultrasonography and CT
scan. Abdominal plain radiography is of limited
utility, because this technique reveals nonspecific
findings. Radiological imaging may show
features such as dilated loops of bowel with
air-fluid levels, mural thumbprinting, and
pneumatosis intestinalis. An important feature is
the bowel wall thickness. Studies have shown that
the mortality rate is significantly higher in
patients, having a bowel wall thickness of more
than 10 mm (60–80%) than those with a bowel
thickness of less than 10 mm (4.2–20%). An
increase in bowel wall thickness is however not
a diagnostic feature as it is also observed in other
conditions such as pseudomembranous colitis,
graft versus host disease. Colonoscopy with
biopsy sampling is rarely performed in these
patients because of the risk of perforation
and bleeding.

Clinical Features

• Incidence
The exact incidence of neutropenic
enterocolitis is not known. Studies have
revealed a variable incidence between 1% and
26%. Originally, the incidence has been deter-
mined on postmortem studies in children with
a very high incidence of 46%. A large study,
performed in 2005, on children with leukemia/
lymphoma or solid tumors, shows an incidence
between 2.4% and 3.3%. In adults, the reported
incidence varies considerably from 0.8% up to
26%. Based on a systematic analysis of 21
studies, a pooled incidence rate of 5.3% is

observed in patients hospitalized for hemato-
logical malignancies, solid tumors, or with
aplastic anemia. In patients treated with anti-
neoplastic chemotherapeutics and presenting
with neutropenia, fever, and abdominal pain,
nearly 50% of this patient population is
affected by the disease.

• Age
Neutropenic enterocolitis may occur at any
age, in children as well as in adults.

• Sex
Neutropenic enterocolitis shows no gender
predilection.

• Site
Neutropenic enterolitis is mainly situated in the
caecum, ileum, and colon ascendens, but it
may involve the whole gastrointestinal tract.
Occasionally, the appendix is affected. Origi-
nally, it was thought that the caecum was pre-
dominantly involved because of its thin bowel
wall, which distends because of the inflamma-
tion, and the diminished vascular supply.
A recent study however has shown that this
inflammatory and necrotizing process is in
only 28% of the patients confined to the cae-
cum, whereas extensive colonic involvement
(75%) and small intestinal involvement (66%)
is more commonly found.

• Treatment
There is no uniform management strategy for
neutropenic enterolitis. As the clinical presen-
tation is highly variable, an individualized
approach of the therapy, consisting of
a conservative medical treatment or surgery,
is necessary. The medical treatment consists
of cessation of chemotherapeutics, aggressive
hemodynamic support to restore the fluid and
electrolyte, total parenteral nutrition, and
broad-spectrum antibiotics. Treatment with
antifungal agents may significantly reduce the
mortality rate. In order to normalize the leuko-
cyte count, recombinant granulocyte colony
stimulating factor (G-CSF) is given in
a selected group of patients with the greatest
degree of neutropenia, multisystem organ fail-
ure, and pneumonia with an invasive fungal
infection. Surgery is indicated in case of
bowel perforation, obstruction, septicemia, or

Neutropenic Colitis 555

N



persistent gastrointestinal bleeding despite res-
olution of the thrombocytopenia, neutropenia,
or hypocoagulability.

• Outcome
Neutropenic enterocolitis has a poor prognosis
with a high mortality rate ranging from 40% to
50%. This mortality rate may even increase
because of complications, such as intestinal
hemorrhage, perforation, peritonitis, and
shock. Despite surgical intervention in these
circumstances, the mortality rate remains very
high, varying between 50% and 70%. An
important prognostic feature is the bowel wall
thickness, which is associated with a poor
prognosis if the thickness is more than 10 mm.

Macroscopy

Gross examination of a resection specimen
reveals a bowel with a markedly thickened and
dusky wall with scattered serosal ecchymoses.
Erosions and ulcerations are found at the level of
the mucosa, which is covered by pseudo-
membranes. These ulcerations may be deeply
infiltrating, causing a perforation. Rarely, multiple
polypoid and fungiform lesions are seen.

Microscopy

Neutropenic enterocolitis is characterized by
mucosal necrosis or full-thickness necrosis.
The mucosa becomes eroded or ulcerated
with presence of pseudomembranes. These
pseudomembranes, covering the mucosal surface,
consist of fibrin and necrotic cell debris. At first
instance, detachment of the epithelium occurs at
the surface, but in time, the epithelial damage
extends to the base of the crypts, causing
a dropout of crypts. The lamina propria is edema-
tous and hemorrhagic. This edema is more pro-
nounced at the level of the submucosa. The
inflammatory infiltrate in the stroma is sparse and
consists of lymphocytes, plasmocytes, or macro-
phages, but without neutrophils (Figs. 1 and 2).

Due to loss of the epithelial integrity, the bowel
wall becomes invaded by bacteria. Besides

Neutropenic Colitis, Fig. 1 In neutropenic enterocolitis,
the mucosa of the small intestine has a hemorrhagic appear-
ance with transition to a complete necrosis of the mucosa
(H/E, �200)

Neutropenic Colitis, Fig. 2 The lack of neutrophils in
the hemorrhagic lamina propria is the characteristic of
neutropenic enterocolitis (H/E, �200)
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bacteria, fungi, such as Aspergillus, may invade
blood vessels, causing intravascular thrombosis
with secondary necrosis of the mucosa or deeper
layers of the wall. Besides thrombi, secondary to
a fungal invasion, fibrin thrombi can be found in
the submucosa. These thrombi will lead to an
ischemic appearance to the mucosa, eventually
with disintegration of the muscularis propria.

Although the microscopical features are not
pathognomonic, the discrepancy between the
severity of the cell injury and the absence of
neutrophils points toward neutropenic
enterocolitis.

Differential Diagnosis

Microscopic features are not diagnostic but give
rise to a differential diagnostic problem with
pseudomembranous colitis and ischemic colitis.
Pseudomembranous colitis and ischemic colitis
have both a different clinical presentation.
Pseudomembranous colitis is due to
a Clostridium difficile infection, occurring in
patients treated with antibiotics. Similar to neutro-
penic enterocolitis, the surface of the mucosa is
covered with pseudomembranes. However, in
contrast to neutropenic enterocolitis, the mucosal
inflammatory infiltrate and pseudomembranes
contain numerous neutrophils. The lack of
neutrophils is a specific diagnostic feature, not
present in ischemic colitis, which is characterized
by a hyalinized lamina propria.
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Nonsteroidal Anti-Inflammatory
Drug-Induced Gastrointestinal Injury

Liesbeth Ferdinande
Department of Pathology, Ghent University
Hospital, Ghent, Belgium

Synonyms

Diaphragm disease

Definition

Nonsteroidal anti-inflammatory drug (NSAID)-
induced gastrointestinal injury ranges from ero-
sion and ulceration to more severe complications
such as gastrointestinal bleeding, perforation, or
bowel strictures. The association between NSAID
use and ulceration in the upper gastrointestinal
tract was first reported in 1938 by a gastroscopic
study of Douthwaite and Lintott. Since then, this
type of lesions has been well characterized and
documented. Their pathogenesis is related to the
inhibitory role of NSAID on cyclo-oxygenase
(COX)-1 and -2, resulting in inhibition of prosta-
glandin synthesis. Beside the intended anti-
inflammatory effect, decreased prostaglandin pro-
duction can also result in gastroduodenal injury,
because prostaglandins enhance and stimulate
many aspects of mucosal defense. Topical irritant
effects of NSAID are described to contribute to
the development of erosions and ulcerations in the
gastrointestinal tract. For the gastroduodenal inju-
ries, the presence of acid plays a key role: when
mucosal defense is weakened through suppres-
sion of mucosal prostaglandin synthesis, the
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tissue is less able to resist the damaging effects of
acid. In contrast, the pathogenesis of small intes-
tinal damage is less well understood, involving
more complex mechanisms. There does not seem
to be a primary role for COX inhibition in the
development of NSAID-induced enteropathy.
Direct adverse effects of NSAID themselves to
intestinal epithelial cells start the initial cellular
damage, and these effects are enhanced when
NSAID are combined with bile and when they
are reabsorbed in the ileum and subsequently
secreted back into the duodenum via the
enterohepatic circulation. This will lead to
increased mucosal permeability, which facilitates
entry and actions of luminal factors such as
dietary macromolecules, bile acids, or bacteria.
Moreover, administration of NSAID can change
the numbers and types of enteric bacteria, thereby
contributing to the development of small
intestinal ulcers.

As most clinical and histological findings in
patients with NSAID-induced gastrointestinal
injury are not specific, the correct diagnosis of
NSAID pathology is often difficult to make,
especially if the clinician and/or pathologist is
not informed about the NSAID intake. Moreover,
NSAID can affect preexisting disease, increasing
the diagnostic challenge. Patients on NSAID ther-
apy are reported to have an increased incidence of
appendicitis, a more aggressive course of diver-
ticulitis and an increased relapse rate and
persisting chronic activity of preexisting inflam-
matory bowel disease.

Clinical Features

• Incidence
Approximately 20% of regular users of NSAID
will develop an ulcer of the stomach or duode-
num. The extent of NSAID-induced small
intestinal injury was only relatively recently
revealed using new imaging and endoscopical
techniques that allow better assessment of
damage in this part of the gastrointestinal
tract. Recent video-capsule endoscopy and
other studies demonstrated the high incidence
of NSAID-induced enteropathy: 50–60% of

patients on long-term NSAID develop
NSAID enteropathy, with an annual rate of at
least 1% of serious outcomes (perforation,
bleeding, and strictures).

• Age
NSAID-induced gastrointestinal injury can
occur at any age, but the elderly, of whom
one study showed that 70% are taking
NSAID at least once a week, have an increased
risk of adverse drug reactions. The high risk for
the development of NSAID-induced gastroin-
testinal complications in older patients was
demonstrated in several surveys and is proba-
bly due to the presence of other associated risk
factors.

• Site
NSAID can provoke damage at all levels of the
gastrointestinal tract, but gastroduodenal and
small intestinal injuries are most common.

• Treatment
The most effective treatment is discontinuation
of NSAID ingestion, which will result in reso-
lution of clinical symptoms and histological
injury. In patients with severe disease or pro-
tracted healing, additional active treatment
may be required. Strictures formed in the
small or large bowel cannot be reversed, and
in these cases, surgery or endoscopic dilatation
is sometimes mandatory.

When cessation of NSAID intake is not an
option, preventive measures can be taken. As
gastric acid plays a major role in the pathogen-
esis of gastroduodenal mucosal lesions,
cotherapy of NSAID and acid-suppressing
drugs such as proton pump inhibitors (PPI) is
used to decrease the risk of NSAID-associated
injuries. This strategy reduces the incidence and
severity of NSAID-induced gastroduodenal
damage and accelerates healing of established
mucosal damage. However, chronic use of PPI is
associated with bacterial overgrowth and
significant increase in incidence of various infec-
tions (e.g., Clostridium difficile). These changes
in small intestinal bacterial flora caused by PPI
intake may contribute to a significant worsening
of NSAID enteropathy. For prevention of small
intestinal NSAID-induced injury, cotherapy
with probiotics or antibiotics is suggested.
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Other strategies to reduce the risk of
NSAID-induced mucosal damage comprise
the development of new drug formulations,
e.g., enteric-coated preparations, selective
COX-2 inhibitors, etc.

Macroscopy

Macroscopy of NSAID-induced injury such as
ulcerations is usually not specific (Fig. 1). Rarely,
NSAID can induce a specific pathology with
a particular macroscopic appearance: diaphragm
disease. Diaphragm disease is characterized by
multiple, concentric, 2–4-mm-thick septae-like
projections of the bowel mucosa that narrow the
lumen. It is believed to be pathognomonic for
NSAID use and was first described by Lang in
1988 in the small bowel. Later this disease was
also reported in the right colon, especially in
patients taking sustained release preparations of
NSAID. The underlying cause seems to be
a scarring reaction secondary to the ulcerative
injuries during long-term NSAID use. The
clinical presentation is usually nonspecific with
obstructive symptoms, gastrointestinal blood
loss, or abdominal pain. Biopsies are mostly
taken from the mucosa that covers the diaphragm
and show also nonspecific findings. Diagnosis is
therefore based on macroscopy. The mucosal pro-
jections into the lumen should be differentiated

from normal plicae circulares, and histologically,
they can be recognized by submucosal fibrosis
and occasional thickening of the muscularis
mucosae. Superficial erosions can occur.

Microscopy

Microscopic findings of NSAID-induced
gastrointestinal injury such as erosions and
ulcerations are mainly aspecific. Some clues may
suggest the iatrogenic origin of the lesions.

Increased apoptosis or an elevated number of
eosinophils can alert the pathologist that a
drug-induced etiology, including NSAID-induced
pathology, should be considered. The observation
of ulcerations surrounded by normal mucosa at
either side of the lesion can also point to drug
pathology (Fig. 2).

In the esophagus, NSAID pills are one of
the most frequent causes of pill esophagitis.
Histologically, this is characterized by acute
inflammation with or without prominent
eosinophilic infiltrate, erosions or ulcers, but the
presence of polarizable crystalline material may
be an important clue to the diagnosis in these
cases (cfr. ▶Drug-Induced Esophagitis).

In the stomach, the injury pattern of reactive
gastropathy is often attributed to NSAID
(cfr. Gastropathy, Reactive (Chemical)). Up to
45% of NSAID users will develop reactive
gastropathy. NSAID erosions are mainly located
in the gastric body and heal within days, whereas
NSAID ulcers that are often large and
multiple and located in the gastric antrum tend
to be chronic and more susceptible for complica-
tions such as bleeding and perforation. The rela-
tionship between Helicobacter pylori infection
and NSAID-induced gastric injury remains con-
troversial, with some studies suggesting an
increased risk of NSAID injury in Helicobacter
pylori negative patients and other studies
suggesting an increased risk in Helicobacter
pylori infected patients.

In the colon, different types of NSAID-induced
injury are described: (focal) active colitis,▶micro-
scopic colitis (lymphocytic and collagenous
colitis), ischemic colitis, or ▶ inflammatory bowel
disease�like pattern.

Nonsteroidal Anti-Inflammatory Drug-Induced Gas-
trointestinal Injury, Fig. 1 Macroscopy of a NSAID-
induced ulceration in the colon (courtesy of Karel Geboes)
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Differential Diagnosis

Since microscopic findings in gastrointestinal
biopsies from NSAID-induced damage are not
specific, the diagnosis of NSAID-induced pathol-
ogy is difficult to make based on morphology
alone. However, these injuries are reversible
when NSAID intake is stopped and therefore,
a timely and correct diagnosis of this entity is
important. Certain histological clues can draw
the pathologist’s attention to the possibility of
NSAID-induced gastrointestinal injury, but
without clinical information including drug use,
a definite diagnosis cannot be made.

The finding of reactive gastropathy in gastric
biopsies is suggestive for NSAID use, but is
entirely not specific and other etiologies such as
bile reflux should be taken into account.

The differential diagnosis between
NSAID-induced injury and inflammatory bowel
disease can be very challenging, especially in
biopsies of the terminal ileum. A history of
NSAID use, older age, and less inflamed mucosa
in biopsies adjacent to the ulceration favor
NSAID-induced pathology.

NSAID-induced colonic damage can present as
many different injury patterns (cfr. section
“Microscopy”) and clinicopathological correlation
can help in distinguishing between these entities.

Diaphragm disease should be differentiated
from other causes of strictures. ▶Crohn’s disease
can inflict strictures. However, mucosal
inflammation and disturbances in crypt

architecture are usually more prominent in these
cases. Strictures can be found in ▶ radiation
colitis, a clinical history of radiotherapy can rule
out this differential diagnosis. Potassium chloride,
a drug that is used to replenish potassium in
patients with hypokalemia, may cause ulcers and
strictures throughout the gastrointestinal tract.
The luminal projections are usually broader than
the typical NSAID-associated diaphragms. Pan-
creatic enzyme replacement in children with cys-
tic fibrosis can be associated with fibrosing
colonopathy, mostly in the right colon with
localized strictures, but stenosing fibrosis of the
entire colon can occur. Methacrylic acid within
the enzyme preparations was suggested to be the
offending agent.
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Nonsteroidal Anti-
Inflammatory Drug-
Induced Gastrointestinal
Injury, Fig. 2 Microscopy
of the border of the
NSAID-induced ulceration
seen in Fig. 1: the adjacent
mucosa shows normal
histology, which may
suggest a drug-induced
etiology (courtesy of
Karel Geboes)
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Synonyms

Acetylsalicylic acid; Analgesics; Antipyretics;
Aspirin; Cancer; Coxibs; Cyclooxygenase
(COX); Diseases; Drugs; Duodenal ulcer; Eicos-
anoids; Enzymes; Erosion; Gastric ulcer;
Helicobacter (H.) pylori infection; Ibuprofen;
Mediators; Mucosal injury peptic ulcer disease;
Naproxen; Nonselective COX inhibitors; Nonste-
roidal anti-inflammatory drugs (NSAIDs);
Painkillers; Prostacyclin (PGI2); Prostaglandin-
endoperoxide synthase; Prostaglandins (PGs);
Prostanoids, thromboxane (TXA2); Selective
COX-2 inhibitors

Definition

Eicosanoids are locally acting signal transducers
that are synthesized by oxidation of 20 carbon
essential fatty acids, of which arachidonic acid is
the most important one. Two distinct enzyme
systems produce eicosanoids, of which cyclooxy-
genase enzymes (COX, also known as prostaglan-
din-endoperoxide synthase) and subsequent
action of prostaglandin synthases produce pro-
stanoids, i.e., prostaglandins (PGs), prostacyclin
(PGI2), and thromboxane (TXA2). Synthesis of
prostanoids is inhibited by the use of nonsteroidal
anti-inflammatory drugs (NSAIDs) that act by
inhibiting COX enzymes. Peptic ulcer disease is
an injury of the lining of the stomach or duode-
num. The most common causes of peptic ulcers
are H. pylori infection or the use of NSAIDs or
a combination of these two. Selective COX-2
inhibitors (coxibs) have been developed to obtain

beneficial pharmacological effects with minimal
side effect profile. Since COX-2 is also over-
expressed in gastrointestinal adenocarcinomas
and in their precursor lesion, it has been
suggested that inhibition of COX-2 could be
chemopreventive.

Molecule Type and Chemical Structure
(Optional)

See above (section “Definition”).

Physiological Relevance and Function

Prostanoids mediate their effects through specific
cell membrane receptors and regulate a wide diver-
sity of physiological functions, including inflam-
mation and immunity, smooth muscle contraction,
aggregation of platelets, and several reproductive
functions. COX enzymes are the rate-limiting step
in production of prostanoids, namely, PGE2,
PGD2, PGF2a, PGI2, and TXA2. COX inhibitors,
i.e., NSAIDs (e.g., aspirin, ibuprofen, and
naproxen), are pharmacologically used as analge-
sics and antipyretics and thus are generally called
painkillers or fever medicines. They also have
modest anti-inflammatory effects. Aspirin is also
used in secondary prevention of myocardial infarc-
tion. The most common side effect of NSAIDs is
mucosal injury of the gastrointestinal tract.

There are two COX enzymes, of which COX-1
isoform is in most tissues constitutionally
expressed and functions as a housekeeping gene.
It has been hypothesized that COX-1-derived pro-
stanoids are primarily responsible for production
of prostanoids responsible for cytoprotection of
the gastrointestinal tract. NSAIDs may interfere
with this by reducing mucosal blood flow,
impairing barrier properties and buffering capac-
ity of the mucosa, and injuring the surface epithe-
lium. In contrast to COX-1, COX-2 is usually
expressed only after induction by agents that are
related to inflammation and carcinogenesis, such
as cytokines, growth factors, and hormones. To
this end, it was hypothesized that selective COX-2
drugs might not cause the gastrointestinal side
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effects related to nonselective COX inhibitors,
namely, peptic ulcer disease, observed for non-
selective NSAIDs, but would be effective anti-
inflammatory drugs.

Relevance for Pathology

NSAIDs are clinically widely used as analgesics
and in the treatment of arthritis and other muscu-
loskeletal disorders. They can be divided into
different groups, based on their selectivity for
COX-1 or COX-2. Aspirin (acetylsalicylic acid),
one of the longest-used NSAIDs, has more than
10 times greater selectivity for COX-1 than COX-
2. When used in low doses, aspirin exhibits an
antiplatelet and antithrombotic effect through
inhibition of COX-1 and subsequent TXA2 inhi-
bition of the platelets. At high doses, aspirin
inhibits both COX isoforms and is used as pain
reliever and anti-inflammatory agent. The use of
aspirin and other NSAIDs is associated with
adverse events in the upper gastrointestinal tract
that include mucosal injury, peptic ulcer disease
that can lead to life-threatening bleeding, and
perforation. Especially vulnerable are those indi-
viduals with high age, previous history of
NSAID-related injury, and use of certain co-
medication (anticoagulants or corticosteroids and
naturally the use of other NSAIDs including low-
dose aspirin). Although NSAID-induced side
effects are more common when high doses are
used, it is important to remember that even low-
dose aspirin alone can induce significant gastro-
intestinal complications. In addition, H. pylori
infection increases the risk of NSAID-related gas-
trointestinal complications. Therefore, testing for
and treatment of H. pylori is indicated especially
when long-term NSAID therapy is considered.
Several studies have shown that the use of selec-
tive COX-2 inhibitors is associated with lower
incidence of gastric and duodenal ulcers when
compared to patients treated with nonselective
NSAIDs. However, this beneficial effect was not
evident in patients taking also low-dose aspirin.

Gastrointestinal side effects of COX inhibitors
can be reduced by the use of misoprostol,
a prostaglandin E1 analog, but its use has been

limited by gastrointestinal side effects, namely,
diarrhea and cramping. These side effects have
been shown to be reduced without the loss of the
protective effect by lowering the dose of the drug.
Proton pump inhibitors are another means to
reduce gastric and duodenal ulcers in patients
taking NSAIDs or COX-2 inhibitors. Cardiovas-
cular side effects were initially found to be related
to the use of selective COX-2 inhibitors, but it has
been later recognized that also nonselective
NSAIDs, with the possible exception of naproxen
(and obviously low-dose aspirin), increase the
cardiovascular risk. Thus, for patients with car-
diovascular disease risk who need NSAID treat-
ment, naproxen is recommended combined with
misoprostol or a proton pump inhibitor.

Epidemiological studies have demonstrated
that long-term use of NSAIDs reduces the risk of
gastrointestinal cancer, including adenocarci-
noma of the stomach and the colorectum. This
effect may be facilitated by the inhibition of
COX-2 that has been shown to be overexpressed
by these tumor types. Thus, it has been hypothe-
sized that COX-2 inhibitors could be used as
chemopreventive agents against gastrointestinal
carcinogenesis. Several studies have been
performed, mainly in Asian populations, in
which the effect of selective COX-2 inhibitors
on progression of precancerous gastric lesions
has been studied. Indeed, there is some evidence
supporting the role of celecoxib, a selective COX-
2 inhibitor, in regression of precancerous gastric
lesions, namely, intestinal metaplasia. However,
the data are contradictory, and that could be due to
small trial sizes and heterogeneous study
populations. To this end, the use of NSAIDs of
any form cannot be currently recommended as an
approach to decrease the risk of gastric cancer.
Further prospective clinical trials are needed to
address the effects of both selective and non-
selective NSAIDs on the development and pro-
gression of gastrointestinal precancerous lesions.
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Synonyms

Vermiform appendix

Anatomy

The appendix is a derivative of the cecum and
matures in the second trimester of the embryonic

life. As the appendix lengthens, the junction
between the appendix and the cecum becomes
increasingly more distinct. The appendix usually
arises from the posteromedial cecal wall, at a point
about 2.5–3 cm below the ileocecal valve, with its
orifice opening into the cecum. However, four
types of ceco-appendiceal junction are possible.
The appendix arises at the junction of three of the
taenia coli present at the surface of the cecum. The
appendix is suspended from the mesoappendix,
which is a mesenteric extension from the ileum;
the base of the appendix is attached to the poste-
rior abdominal wall and its tip is free. The position
of the appendix varies considerably; most com-
monly, the appendix lies behind the cecum and
ascending colon. It may also lie beside the ascend-
ing colon, in front of or behind the terminal ileum,
lying on the psoas muscle, or in the subhepatic
region. The appendix is vascularized by a branch
of the posterior cecal artery which runs in the
mesentery, and its venous drainage is to the portal
system. The lymphatics first drain into nodes in
the mesoappendix, then to the right pericolic
lymph nodes, and then to those of the ileocecal
angle.

Function

In humans, the function of the appendix is not
clear. The appendix may be vestigial. Besides it
is not observed in many mammals, except herbiv-
orous animals. While its exact function in humans
has been debated by physicians, it is known that
there is immune system tissue in the appendix and
the appendix may play an immunological role: it
could be implicated in the recognition of foreign
protein and bacteria in the bowel and the forma-
tion of IgA immunoglobulins. Moreover, the gut
is populated with different microbes that help the
digestive system breakdown the food. It is now
believed that the immune system cells found in the
appendix are there to protect the commensal bac-
teria. It is obvious that the appendix contains
many goblet cells, and, consequently, its exocrine
production of mucus is abundant. The density of
these goblet cells is far greater within the epithe-
lium of the appendix than within the colon. Thus
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the role of the appendix in mucus production and
lubrification of the fecal contents within the right
colon is important.

Size, Weight

The adult appendix averages 6–7 cm in length,
though variations between 5 and 12 cm are com-
mon. Lengths up to 20 cm have been reported.
The appendix is correspondingly shorter in
children.

Its external diameter ranges from 0.3 to 0.8 cm.
The appendiceal lumen normally varies from 1 to
2 mm.

Macroscopy

The appendix, which is a tubular structure, is
composed of:

– The base.
– The body.
– The tip. Obliteration of the tip of the appendix

is a frequent finding.

The serosa is smooth and transparent. Its sur-
face can be hyperemied, related then to surgical
trauma. The mesoappendix, largely made of adi-
pose tissue, contains the appendiceal vessels
(Fig. 1).

Microscopy

The appendix has the same four layers as the
remainder of the gut and possesses a colonic-
type mucosa, but is thinner than that lining the
colon or rectum. A distinguishing feature of this
organ is the extremely rich lymphoid tissue of the
mucosa and submucosa, characterized by
a prominent circumferential arrangement of lym-
phoid follicles known as Peyer patches (Fig. 2).
The surface epithelial cells over the dome of each
lymphoid follicle are modified to form M cells
which transmit potentially antigenic protein

similarly to that seen in the small intestine.
A well-defined lymphatic sinus surrounds both
the lateral and basal parts of the follicle and
empties into the submucosal-collecting
lymphatics.

Non-branching crypts are lined predominantly
by mucus-secreting columnar cells that extend
from the luminal surface down to the muscularis
mucosae and by absorptive cells. The density of
goblet cells is far greater within the epithelium of
the appendix than within the colon. As in the
colon, the proliferative zone is located in the
basal portion of the crypts. The two types of
differentiated cells (absorptive and goblet cells)

Normal Appendix and Tumoral Appendix,
Fig. 1 Macroscopic view of a normal appendix. Note the
hyperemia of surface vessels related to surgical trauma

Normal Appendix and Tumoral Appendix,
Fig. 2 Low-power magnification showing numerous lym-
phoid follicles
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come from immature cells migrating upward to
the luminal surface.

The crypts also contain endocrine cells, Paneth
cells in small numbers, and intraepithelial lym-
phocytes. Endocrine cells are present at the base
of the crypts and occur individually or in small
clusters. These endocrine cells can harbor bright
eosinophilic cytoplasmic granules which may
lead to some confusion with those of Paneth
cells. These endocrine cells are more prominent
in the distal than in the proximal appendix. Addi-
tionally, in about 50% of cases, endocrine cells
can be detected within the lamina propria,
non-attached to crypt epithelium and in close
association with nerves, in a structure termed
“the enterochromaffin cell-nerve fiber complex.”
These endocrine cells are mainly EC (enterochro-
maffin) cells (secreting serotonin), the most
numerous endocrine cell populations in the gut.
ECL cells (enterochromaffin-like cells, secreting
histamine), D cells (secreting somatostatin),
L cells (secreting enteroglucagon and pancreatic
polypeptide-like peptide), and N cells (secreting
neurotensin) can also be observed.

The muscularis mucosae is poorly developed
and can be absent in places, rendering sometimes
difficult the determination of the mucosal-
submucosal boundary (Fig. 3).

The submucosa is constituted by connective
and fat tissues and contains nerve plexus
consisting only of a few scattered ganglion cells.

The muscularis propria, thin, contains two
layers of smooth muscle (a circular and
a longitudinal muscle coat) in which the cells of
the myenteric plexus are also scattered diffusely
instead of having a plexiform arrangement. There
is a well-defined serosa also called the
mesoappendix.

The histological structure of the appendix
varies with age. Peyer patches are most promi-
nent in young individuals and undergo progres-
sive atrophy during life to the point of complete
disappearance in the elderly. In the elderly, it is
frequent to observe an atrophy of the epithelial
elements of the mucosa and an increase of the
fibrous and fat tissues of the submucosa, tending
to the obliteration of the lumen, particularly at
the distal tip.

Immunophenotype

Appendiceal epithelial cells express keratin 20,
CDX2, and MUC2. Many express keratin 7.
Endocrine cells express immunologic markers of
neuroendocrine differentiation such as neuron-
specific enolase (NSE), synaptophysin, and
chromogranin (Fig. 4). Both crypt and lamina
propria endocrine cells contain serotonin, somato-
statin, enteroglucagon, vasoactive intestinal poly-
peptide, and substance P.

Normal Appendix and Tumoral Appendix, Fig. 3 The
lymphoid cells are within both the mucosa and submucosa.
Note the discontinuation of the muscularis mucosae

Normal Appendix and Tumoral Appendix,
Fig. 4 Appendiceal endocrine cells are present within
the appendiceal crypts. These endocrine cells are stained
by chromogranin (�400 magnification)
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Tables with Important Diseases

Important Diseases of the Appendix

Developmental abnormalities:

Duplications, diverticula, and cysts

Absence of the appendix

Malpositions

Heterotopias

Hamartomas

Inflammatory disorders (see also ▶Appendicitis,
Etiology, Macroscopy, and Histology of entry):

Acute nonspecific appendicitis

Chronic atrophic appendicitis

“Specific” appendicitis

Tumors:

Benign andmalignant epithelial tumors: neuroendocrine
tumors (see also▶Appendiceal Tumors entry), adenomas,
and adenocarcinomas (see also▶Mucinous Cystadenoma,
Appendix entry, ▶Mucinous Cystadenocarcinoma,
Appendix entry)

Miscellaneous (or non-epithelial tumors)

Metastatic tumors

Miscellaneous conditions:

Acquired diverticular disease

Intussusception

Torsion

Endometriosis

Malakoplakia
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Paget’s Disease of the Anus

Denis Chatelain1 and Jean-François Fléjou2
1Service d’Anatomie Pathologique, Centre
Hospitalier et Universitaire du Nord, Amiens,
France
2Faculté de Médecine Pierre et Marie Curie,
Service d’Anatomie et Cytologie Pathologiques,
Hôpital Saint-Antoine, Paris, France

Definition

Paget’s disease is a rare intraepithelial
adenocarcinoma that may occur in the perianal
skin. Its histogenesis is not completely
understood. Paget’s disease could represent the
epidermotropic spread of tumor cells from
cancers of regional organs and from adenocarci-
noma of skin adnexa such as eccrine or apocrine
glands. It could also originate from an
intraepidermal ectopic sweat gland or Bartholin’s
glands’ epithelial cells or could originate from an
in situ transformation of a pluripotential stem cell
within the epidermis.

Perianal Paget’s disease was first reported in
1893 by Darier and Coulillaud. It encompasses
two entities: primary and secondary Paget’s
disease.

Secondary perianal Paget’s disease represents
half of the cases. It results from the epidermotropic
spread of an underlying neoplasm such as adnexal

adenocarcinoma or an internal malignancy mainly
gastrointestinal carcinoma (usually anal or rectal
cancer) or genitourinary carcinoma (mainly ure-
thral carcinoma). The visceral malignancy may be
synchronous or metachronous.

The other half of perianal Paget’s disease are
primary and are not associated with internal
malignancy. However, they may become invasive
and may progress from an in situ intraepidermal
neoplasia to a dermally invasive adenocarcinoma,
which may in turn, metastasize to local lymph
nodes and distant sites.

Clinical Features

Perianal Paget’s disease presents as a pruritic, red
or white, crusted patch in anal skin (Fig. 1). Symp-
toms are usually nonspecific such as perianal
itching, burning sensation, oozing, and bleeding.
The diagnosis is often delayed, because the dis-
ease is frequently treated initially as a benign der-
matologic condition (notably eczema) and the
diagnosis is often made 2–8 years after the begin-
ning of the symptoms.

• Frequency
The true incidence of the disease is difficult to
assess due to its rarity. Perianal Paget’s disease
represents less than 1% of anal disease and
6.5% of all cases of Paget’s disease (mammary
and extramammary).
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• Sex
Perianal Paget’s disease is most commonly
detected in postmenopausal Caucasian
females.

• Age
Perianal Paget’s disease is usually diagnosed in
the sixth and seventh decades.

• Treatment
Therapeutic management depends on the local
extent and depth of invasion of the Paget’s
disease, regional lymph node involvement,
and systemic extent of the disease.

The treatment of Paget’s disease is essen-
tially surgical. Wide surgical excision, with
a sphincter-saving technique, and a circumfer-
ential split-thickness skin graft, often with
diverting stoma, is proposed as treatment of
choice. A margin more than 1–3 cm should
be obtained (due to a high post-resection local
recurrence rate 40–50%). An intraoperative
frozen section analysis of resection margins
has been proposed to reduce the local recur-
rence rate.

The role of adjuvant therapies is controver-
sial. However, noninvasive modalities such as
radiotherapy, photodynamic therapy, topical
chemotherapeutic agent (5FU, bleomycin or

imiquimod), systemic chemotherapy, argon
beam laser therapy, or cryotherapy may be
reasonable alternatives to surgery in selected
cases, such as those patients who are medically
unfit for surgery, those who wish to avoid
radical and mutilating surgery, and those who
have a multifocal widespread disease. Radio-
therapy may be used as an adjunct to surgery to
reduce long-term local recurrence or to treat
postoperative local recurrence.

• Outcome
The overall and disease-free survival rate of
perianal Paget’s disease at 5 years after treat-
ment is 59% and 64%, and decreases to 33%
and 39% at 10 years.

There is a high rate of recurrence after exci-
sion exceeding 40–60% at 5 years. Progression
from in situ to invasive carcinoma has been
reported to be as high as 40% in untreated
lesions of primary Paget’s disease. Metastases
can involve lymph nodes (inguinal, perirectal,
retroperitoneal, iliac, and para-aortic), the liver,
bones, the lungs and adrenal glands. Survival
outcome in patients with Paget’s disease is
often dictated by the presence or absence of
underlying malignancy and the presence and
stage of an invasive component. Patients with
intraepidermal neoplasia have a better progno-
sis than patients with dermal invasion. Patients
who have perianal Paget’s disease and under-
lying malignancy have a poorer prognosis.

Macroscopy

Perianal Paget’s disease presents as a slowly
spreading erythematous plaque, moist and red-
dish, scaling or macerated, with an eczematous
surface and well-defined borders. It can extend to
the anal canal, up to the dentate line.

Microscopy

Perianal Paget’s disease is microscopically char-
acterized by the presence of specific tumor cells
called Paget’s cells. These are large cells with pale
clear or eosinophilic cytoplasm, and large round

Paget’s Disease of the Anus, Fig. 1 Clinical aspect of
perianal Paget’s disease
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hyperchromatic nuclei (Fig. 2a). They tend to
form clusters, solid nests, or tubules, or can
migrate solely in the whole epidermis in
a pagetoid pattern. Some cells can have the
appearance of signet ring cells. In some cases,
dirty necrosis can be identified in intraluminal
gland formations.

Paget’s disease can be categorized as noninva-
sive (tumor confined onto epidermis) or as invasive
disease (tumor penetrating the basement membrane
and entering into underlying stroma). Minimally
invasive Paget’s disease is defined as groups of
Paget’s cells protruding no more than 1 mm below
the basement membrane in the underlying dermis.

Histochemistry and
Immunohistochemistry

Paget cells invariably react positively for mucin
stains (Alcian blue, PAS) (Fig. 2b). In primary
Paget’s disease, tumor cells stain positive for CK7,
GCDFP15, and MUC5AC. In secondary Paget’s
disease associated with rectal adenocarcinoma,
tumor cells are positive for CK20 and MUC2 and
do not express CK7, GCDFP15, and MUC5AC.

Molecular Features

The molecular features of perianal Paget’s disease
are still unknown.

Differential Diagnosis

Perianal Paget’s disease can be differentiated from
a clear cell variant of Bowen’s disease by the
positivity of tumor cells with PAS that identify
sialomucins, in contrast to Bowen’s disease that
does not display positive PAS staining.

Primary Paget’s disease can be distinguished
from secondary Paget’s disease linked to rectal
adenocarcinoma by its morphological features
and immunohistochemical profile.

The presence of signet ring Paget’s cells and the
presence of intraepithelial glands with intraluminal
dirty necrosis appear to be morphological markers of
an underlying rectal adenocarcinoma. Tumor cells of
Paget’s disease associated with rectal adenocarci-
noma often show a CK20+/CK7-/GCDFP15-/
MUC2+/MUC5AC+ phenotype. Tumor cells of pri-
mary Paget’s diseasemore often show a CK20-/CK7
+/GCDFP15+/MUC2-/MUC5AC+ phenotype.

Cross-References

▶ Paget’s Disease of the Anus
▶ Squamous Cell Carcinoma, Anus
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Pancreatic Heterotopia

Berna Savaş
Department of Pathology, Ankara University
Medical School, Ankara, Turkey

Synonyms

Aberrant pancreas; Accessory pancreas; Ectopic
pancreas

Definition

Pancreatic heterotopia (PH), a congenital anom-
aly of the exocrine pancreas, is defined as the
existence of the pancreatic tissue in topographic
anomaly, with no anatomic, neural, or vascular
connection to the main pancreas.

The exact etiology of ectopic pancreas remains
unclear. Different theories have been proposed to
explain its appearance, the transplantation of embry-
onic pancreatic cells to adjacent structures during
axial rotation of the intestine being one of them.
Moreover, embryonic buds that remain adhered to
the primitive duodenum could be taken to proximal
or distal sites during the growth and development of
the gastrointestinal tract. The incidence of pancre-
atic tissue in distant organs should deserve further
explanation, remembering the possibility of having
been originated by multipotent cell endodermic
metaplasia or teratomas.

Heterotopic pancreatic tissue is susceptible to
many of the same inflammatory pathologies that
may affect the normal pancreas, such as acute and
chronic pancreatitis, and cancer, although the lat-
ter complication is extremely rare. Depending on
the localization, PH may present with various

symptoms. Abdominal pain and bleeding are fre-
quent for gastric PHs. Also there may be symp-
toms due to mechanical obstructions, such as
when PH is the lead point in intussusceptions, or
when PH in the antrum of the stomach, or in the
gall bladder, obstructs the outflow from the
respective organ. PH may manifest some symp-
toms of carcinoid syndrome, and surgical treat-
ment may eliminate such symptoms.

Clinical Features

• Incidence
The incidence of PH is 0.55–15% of autopsy
specimens, and the mean frequency is between
1% and 2%.

• Age
PH has been found in all age groups including
pediatric patients, the average age is 45 years,
despite the fact that most of the cases are diag-
nosed in adulthood and are not suspected
before surgery.

• Sex
In adults, the incidence is higher in males,
while in pediatric patients, the female gender
is more common.

• Site
In approximately 70% of cases, PH tissue is
located in the upper GI tract. It is found mainly
in the stomach, duodenum, and jejunum, in
much smaller proportions in the ileum and
Meckel’s diverticulum, and it is rarely found
in the esophagus, liver, gallbladder, omentum,
lungs, mediastinum, fallopian tubes, and
umbilicus.

• Treatment
Benign asymptomatic lesions generally do
not require surgical intervention. Symptomatic
tumors, with the typical appearance and local-
ization, should be operated on using minimally
invasive techniques, laparoscopic, endoscopic
or endoscopic-guided laparoscopy in selected
cases. Preoperative biopsy is recommended. In
the absence of endoscopic biopsy confirma-
tion, surgical exploration and frozen section
histopathologic study for all symptomatic
patients are recommended. Limited local
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excision has been shown to be a safe and ade-
quate procedure for patients. Endoscopy
should be performed whenever epigastric pain
is the presenting symptom.

• Outcome
The prognosis of benign PH is excellent.
The outcome of PH cases with malignant trans-
formation may show differences depending on
the histological type. Review of the literature
reveals adenocarcinomas arising within hetero-
topic pancreas to have a somewhat better prog-
nosis than patients with adenocarcinoma of the
pancreas. The difference in survival between
adenocarcinoma arising in ectopic and nor-
mally situated pancreas may be due to earlier
presentation of carcinoma in ectopic pancreas.

Macroscopy

Commonly, PH tissue present in the form of small
yellowish nodules, ranging from 1 to 5 cm, typi-
cally covered by intact mucosa, and often exhibits
a central hole (larger lesions). In this umbilication,
there is exteriorization of the usually rudimentary
pancreatic duct, which can be detected by endo-
scopic study or barium contrast. Gastroduodenal
lesions are usually larger than those of other
locations.

Microscopy

The heterotrophic pancreatic tissue is detected
more frequently in the submucosa and muscularis
propria layers of the gastrointestinal tract and may
be observed in the sub-serosa or even in the serosa
of the affected segment (Fig. 1). Histologically, the
normal pancreatic lobular architecture, with acinar
and ductal components, may all be present. Up to
84% of cases contain islets of Langerhans. Rare
cases may have only neuroendocrine cell elements.

Immunophenotype

The cytologic distribution and staining percent-
ages of immunohistochemical staining are similar

to those of the normal pancreas. The immunohis-
tochemical findings support the histologic impres-
sion of heterotopic pancreas. Pan-epithelial
markers such as CAM 5.2, CK8, and CK18 are
expressed in the pancreatic acini and ducts. Acinar
cells are generally negative with AE1/AE3 and
CK19, whereas ductal cells are strongly positive.
Both acini and ducts are typically negative for
CK20. Islets of Langerhans stain strongly posi-
tively with chromogranin. A large percentage of
the cells express insulin, mainly in the central
portion of the nodules, while fewer cells show
somatostatin positivity in the periphery.

Molecular Features

No specific molecular feature was defined for PH.
The molecular features of normal pancreas are
summarized somewhere else.

Differential Diagnosis

It is often impossible to distinguish PH from pri-
mary or metastatic cancer as endoscopic biopsies
are often negative. This often leads to operative
treatment. Therefore, frozen sections should be
taken rapidly and routinely so as to confirm the
diagnosis and avoid unwanted radical surgery
such as Whipple’s procedure or subtotal

Pancreatic Heterotopia, Fig. 1 Heterotopic pancreatic
tissue in Meckel’s diverticulum. Mural heterotopia consist
of lobules of pancreatic acini (H&E, �25)

Pancreatic Heterotopia 571

P



gastrectomy. PH should be considered in the
differential diagnosis of GIST. Purely endocrine
PH may mimic a neuroendocrine tumor. The
scattered nature of the lesion, the small size of
the nests, and the lack of stromal reaction strongly
favored PH. Immunohistochemical characteriza-
tion helps to confirm the histologic impression
of PH.
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Parasitic Colitis
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Definition

Human intestinal parasites can be classified into
four different groups: the protozoa and the nema-
todes (roundworms), cestodes (tapeworms), and
trematodes (flukes). Many of these organisms
pass cysts or eggs in the feces, which forms the
basis for diagnostic tests. About 12 protozoan
species and at least 15 helminthic species can
lead to gastrointestinal (GI) pathology,
representing a significant disease burden world-
wide. In the past, these infections were mainly

seen in developing countries. This geographic
pattern is quickly changing under the influence
of increasing world travel, globalized economy,
and the growing number of chronically
immunosuppressed patients in western countries.
With helminthic infections, the additional prob-
lems arise that some worms can survive in the host
for decades and that infection may remain asymp-
tomatic until complications develop (e.g., occult
Strongyloides stercoralis infection until treatment
with glucocorticoids causes fulminant disease,
occult Schistosoma mansoni until development
of portal hypertension and bleeding of esophageal
varices). Hence, a basic knowledge of histopath-
ological aspects of the most common parasitic GI
diseases benefits pathologists worldwide.
Although many parasites can infect the GI tract,
relatively few of them will actually be encoun-
tered in the colon. The following discussion is
therefore limited to the following species: (1) pro-
tozoa, Entamoeba histolytica and Cryptosporid-
ium species; (2) nematodes, Strongyloides
stercoralis, Enterobius vermicularis, and Anisakis
simplex; (3) cestodes, Taenia saginata and Taenia
solium; and (4) trematodes, Schistosoma species.

Clinical Features

Entamoeba histolytica is found worldwide, but
especially in Central and South America, Africa,
and India. It causes up to 50 million symptomatic
infections per year, resulting in up to 100,000
deaths annually. This protozoon has a simple life
cycle consisting of the infectious cyst and the
amoeboid motile trophozoite. Infection occurs
after ingestion of cysts present in fecally contam-
inated food or water. Cysts give rise to trophozo-
ites in the small bowel. In about 10% of infected
persons, these trophozoites will invade the colonic
epithelium leading to amoebic colitis and possibly
spread to distant organs (e.g., amoebic liver
abscess). Persons most at risk for amoebic colitis
are travelers to endemic regions, male homosex-
uals, and institutionalized persons. Most patients
present with slowly worsening diarrhea, which
can be bloody. Other symptoms such as abdomi-
nal pain, tenesmus, and fever are variable.

572 Parasitic Colitis



A fulminant course can be seen in elderly or
malnourished people, infants, pregnant women,
and those on glucocorticoids. Clinically, the
main differential diagnoses are bacillary dysen-
tery, inflammatory bowel diseases (IBD), and
ischemic colitis. Treatment of all patients (also
the asymptomatic ones) is with a luminal or
a tissue amebicide, e.g., paromomycin and metro-
nidazole, respectively. Most patients respond
quickly and outcome is generally good.

Cryptosporidia are small, 2–5 mm large intra-
cellular protozoal parasites related to Plasmodium
species (malaria) and Toxoplasma gondii (toxo-
plasmosis). Although first described in the early
twentieth century, Cryptosporidia only came to
the forefront in the 1980s with the peak of the
AIDS epidemic. They cause watery diarrhea
which may range from mild and self-limited in
immunocompetent persons to catastrophic and
protracted (cholera-like) in immunosuppressed
individuals such as AIDS patients, persons with
immunoglobulin deficiencies, and those with
hematologic malignancies. The life cycle of the
parasite is complex with successive stages of
infectious oocysts and sporozoites which are
engulfed by host cell microvilli and locate in
vacuoles beneath the brush border, asexually rep-
licating merozoites and sexual gametocytes. The
infection can be treated with nitazoxanide. In
AIDS patients, the restoration of normal CD4
counts is most important in controlling the
disease.

Strongyloides stercoralis is endemic in tropical
and semitropical areas and in Europe also in
Northern Italy. This worm does not require
a host to replicate. It ordinarily lives in the soil
and lays eggs that develop into rhabditiform and
then filariform larvae. These can penetrate the
skin of a host in contact with the soil. The larvae
then travel to the lungs via the veins, break
through the alveolar wall, and ascend in the air-
ways and are swallowed. They embed in the jeju-
num where they mature to adult worms. Eggs
hatch in the small intestine and develop into
rhabditiform larvae, which are passed in the
stools. A minority of the rhabditiform larvae also
develop into infectious filariform larvae within
the intestine, thus continuing the infection

for decades. Patients are usually asympto-
matic. However, any Disruption of normal
immunity (e.g., by immunosuppression or gluco-
corticoid therapy) may cause a fulminant, often
fatal disease due to massive autoinfection. Treat-
ment is with ivermectin and must be repeated after
2 weeks to be successful.

Enterobius vermicularis, also called the pin-
worm, is the most commonly encountered hel-
minthic parasite both by clinicians and
pathologists in western countries of temperate
climate. The worm is acquired by ingesting eggs
upon close contact with infected persons (e.g.,
among school-age children and in their families).
Eggs are quite resistant to environmental condi-
tions and can be passed via the hands or even via
the air. They hatch in the duodenum, releasing
larvae that migrate to the cecum, appendix, and
ascending colon and mature on their way. Adult
males measure up to 5 mm and females 8–13 mm.
Gravid females reside in the rectum and migrate
out of the anus to the perianal skin during the night
to lay eggs. The maturing eggs cause itching and
scratching by the patient, which promotes reinfec-
tion and transmission to others. Usually there are
no other symptoms, so that pinworm is an exam-
ple of an extremely well-adapted parasite (Human
infection has been documented for thousands of
years). The infection is however always treated
since it is so highly transmissible. One dose of
mebendazole repeated after 2 weeks for the index
case and all contacts, with a washing of all clothes
and bed linens in between, is sufficient.

Anisakis simplex is actually a parasite of
marine mammals. Eggs are passed in the feces
and develop into infective larvae which infest
crustaceans. When these are eaten by saltwater
fish, the larvae migrate to the fish musculature.
When the initial intermediary host, or a predator
fish, is eaten by a marine mammal, the larvae
develop into adult intestinal worms. Humans
become infected accidentally when eating raw or
pickled fish (e.g., herring, mackerel, and salmon).
Infections are becoming more common with the
increased popularity of some eastern food prac-
tices (e.g., sushi). Humans are no suitable hosts;
thus, the larvae do not develop into adult worms
and lay no eggs. They may however invade the
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gastric or intestinal, appendiceal, or colonic wall,
causing an intense inflammatory reaction and
sometimes an allergic reaction. The typical symp-
tom of anisakidosis is severe epigastric pain
within 3 days of consuming raw fish. With lower
GI tract infection, a symptom complex mimicking
acute appendicitis or Crohn’s disease can develop.
Endoscopic removal of the parasite alleviates
symptoms. Since the worms do not survive in
humans, treatment with an anthelmintic is not
needed. Some patients may present with intestinal
obstruction or peritonitis, necessitating surgery.

Taenia saginata and Taenia solium (beef and
pork tapeworm, respectively) colonize an esti-
mated 80 million people worldwide. In Europe,
mainly beef tapeworm is encountered. The trans-
mission cycle requires exposure of livestock to
untreated human waste and subsequent human
consumption of raw or undercooked meat. Adult
tapeworms release gravid proglottids containing
eggs. Both are passed in the stool. Proglottids of
Taenia saginata are up to 2 cm long and remain
motile for a while. They may “crawl” out of the
feces and “swim” in the toilet, alarming the
patient. Eggs ingested by cattle or pork release
an embryo, a so-called onchosphere, that pene-
trates the intestinal wall and is carried by the
bloodstream to several organs developing into
cysticerci, awaiting human consumption. When
a human ingests a cysticercus, this releases
a scolex which attaches itself to the bowel wall
in the proximal jejunum. The worm lengthens
over several months by forming maturing proglot-
tids in a chain behind the scolex. The worms may
live in the small intestine for up to 25 years. They
feed by absorption of nutrients through their sur-
face. Usually there are no symptoms or only
vague abdominal complaints. Therapy is with
a single dose of niclosamide. An alternative and
feared disease course is (neuro)cysticercosis in
Taenia solium infestation. This must be treated
with a longer course of albendazole to kill the
cysticerci.

The most important intestinal parasitic trema-
todes are the blood flukes Schistosoma mansoni
and japonicum. These are typical for tropical
countries, with S. mansoni being common in
Africa, the Middle East, and the Americas, while

S. japonicum is endemic in China, Indonesia, the
Philippines, and Thailand. More than 200 million
people are infected worldwide. Schistosomes live
in tropical snails for part of their life cycle. People
acquire the parasite by moving about in contami-
nated fresh water containing the larval form (cer-
cariae). Upon penetrating the skin, these
transform into schistosomules that are carried to
the lungs with the venous blood. They pass the
lung circulation and eventually reach the liver,
where they mature and mate. Adult worms swim
countercurrent into the portal vein and take up
residence in the mesenteric veins (usually the
inferior mesenteric vein for S. mansoni and the
superior for S. japonicum). There the worms con-
sume blood and nutrients and lay eggs. About half
of these eggs will pass through the intestinal wall
and enter the bowel lumen. When deposited in
fresh water, they release ciliated miracidia which
swim off to infect a tropical snail. Within the
snails, miracidia transform in sporocysts which
give rise to cercariae that exit the snail in search
for a suitable mammalian host. In humans, larval
and adult worms are protected from immune
attack by their tegument. The worms themselves
cause few symptoms and may live for up to
5 years in their host. The eggs however cause
a strong immune reaction which is first acute and
possibly symptomatic (Katayama fever) and then
enters a chronic phase. The classical response of
the body to the presence of eggs is by forming
a granuloma of mixed composition around it. This
may actually benefit the parasite, by allowing it to
exit blood vessels and penetrating the mucosa into
the lumen (a process that may take up to 2 weeks).
Passage of S. mansoni eggs through the bowel
wall causes colitis with tenesmus, tenderness
over the sigmoid, and bloody stools. Other eggs
remain buried in the intestinal wall or lodge in the
veins of the portal system. The ensuing granulo-
mas will gradually involute to leave fibrotic scars.
Eventually, hepatic and portal vessels will show
widespread fibrosis with the development of por-
tal hypertension due to presinusoidal venous
obstruction. This is the characteristic of
hepatosplenic schistosomiasis. All forms of the
disease can be treated with praziquantel given
once or twice.
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Macroscopy

In amoebic colitis, the cecum and ascending colon
are most commonly affected. The bowel wall is
thickened with multiple 2–10 mm large, punctate
ulcers which remain superficial and undermine
the intervening mucosa, thus acquiring
a characteristic flask shape. The number of neu-
trophils is variable and higher in early lesions. The
amoebae attach to the lateral walls of the ulcers.
Occasionally, large inflammatory masses
(“amoebomas”) may form. In contrast, Crypto-
sporidiosis causes no specific endoscopic lesions
in the colon.

Strongyloidiasis can cause colonic inflamma-
tion that resembles ulcerative colitis but is fre-
quently right sided; features resembling
pseudomembranous colitis have also been
reported. The gravid female forms of Enterobius
vermicularis can sometimes be seen during colo-
noscopy as motile thread-like 1 cm long pale
worms in the rectum or more proximal in the
colon. Anisakidosis can be diagnosed on endos-
copy when finding the larvae burying into the
bowel wall. The adult form of Taenia saginata
can become 4–10 m long and may be encountered
by the endoscopist in the colon. Patients with
schistosomiasis may come to the attention of the
gastroenterologist for mild anemia, positive fecal
occult blood tests, or unexpected variceal hemor-
rhage. Colonoscopy may show multiple inflam-
matory polyps or small pale excrescences
containing eggs on biopsy.

Microscopy

The gold standard for the diagnosis of Entamoeba
histolytica colitis is colonoscopy with mucosal
biopsies. These should be taken from the ulcers’
edges, where the amoebic trophozoites intermin-
gle with neutrophils. The amoebae are relatively
large and may be confused with histiocytes. They
have a central or eccentric nucleus with
a prominent karyosome and contain ingested red
blood cells (erythrophagocytosis) (Fig. 1). Their
detection can be facilitated by PAS staining, with
which the trophozoites stain magenta. A CD68

stain may help in the differentiation with
histiocytes.

A high index of suspicion is of great impor-
tance for the diagnosis of cryptosporidiosis. Any
epidemic outbreak of watery diarrhea lasting lon-
ger than a week, or chronic watery diarrhea in an
immunocompromised person, should trigger
microscopic investigation of the stools for
oocysts. Cryptosporidia are only occasionally
seen in colonic biopsies. They can be recognized
as small basophilic spherical bodies protruding
from the apex of the enterocytes, both in crypts
or at the surface (Fig. 2). Neutrophils may be
present in the lamina propria. Giemsa stains may
help with the diagnosis.

Parasitic Colitis, Fig. 1 Colonic mucosal biopsy, HE
high power view. Entamoeba histolytica trophozoites

Parasitic Colitis, Fig. 2 Colonic mucosal biopsy, HE
high power view. Cryptosporidia at the apex of crypt and
surface epithelial cells
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The preferred diagnostic test for Strongyloides
stercoralis infection is serology, while colonic
mucosal biopsy is insensitive at best. One may
see edema, ulcers, a mixed infiltrate which also
contains many eosinophils, and adult and larval
worms (Fig. 3). Granulomas may be present.

Pinworm infection is usually diagnosed with
the cellophane tape test. Clear tape is applied to
the perianal skin in the morning before washing.
The tape is then pushed on a glass slide and
examined for eggs. This is repeated every day
during 1 week. Enterobius vermicularis is

occasionally seen in the lumen of appendices
removed for acute appendicitis or en passant
(Fig. 4). It is unclear whether they can cause
appendicitis by themselves. Even when they
become invasive, which happens rarely, there is
usually little or no inflammatory reaction. There
may be a somewhat increased tissue eosinophilia.
Granulomas, sometimes with necrosis, can be
seen around degenerating worms and eggs.
These lesions have been described in the appen-
dix, colon, anus and even in the cervix, the endo-
metrium, the fallopian tubes, the peritoneum, and
the omentum, which testifies to the migratory
effect of the female worms.

When biopsies are taken in a case of
anisakidosis, histologic findings include a dense
inflammatory infiltrate rich in eosinophils, eosin-
ophilic microabscesses, solitary giant cells, and
granulomas. The infiltrate is commonly trans-
mural and concentrated around the 0.5–3 cm
long larvae which may be seen in the bowel wall
(Fig. 5).

Beef and pork tapeworms are diagnosed by
detection of proglottids and eggs in feces. The
proglottids may occasionally be submitted for
histology (Fig. 6). They are 1–2 cm large, with
a thick wall, and contain 10–12 uterine branches
full of eggs.

Parasitic Colitis, Fig. 4 Appendix removed for acute
appendicitis, HE high power view. Enterobius
vermicularis, adult form on cross-section

Parasitic Colitis, Fig. 3 Gastric mucosal biopsy, HE high
power view. Strongyloides stercoralis filariform larva
embedded in the mucosa

Parasitic Colitis, Fig. 5 Jejunum surgically removed for
intestinal obstruction, HE low power view. Anisakis sim-
plex, larval form penetrating the bowel wall

576 Parasitic Colitis



Schistosoma infection can be diagnosed by
identification of eggs in the stools, or better in
crushed tissue specimens, or via serology. Eggs
and surrounding granulomas may be detected in
colonic mucosal biopsies (Fig. 7). The granulo-
mas are composed of a mixed infiltrate of macro-
phages, lymphocytes, and eosinophils, which
account for 50% of the cell population. When
they degranulate and deposit their major basic
protein, an eosinophilic halo may develop around

the degenerating egg (so-called Splendore-
Hoeppli phenomenon). Worms are occasionally
seen within submucosal veins.

Immunophenotype, Molecular Features

These tests are not used for routine histological
diagnosis of parasitic colitis.

Differential Diagnosis

Many forms of parasitic colitis may resemble
IBD, both in its acute and chronic presentations.
The differential diagnosis rests on awareness of
the clinical context, a high index of suspicion, and
an appropriate handling of the biopsies to maxi-
mize the chance of finding representative forms of
the pathogens. Multiple sections at additional
levels may be required. Amoebic colitis especially
must be differentiated from IBD, because an erro-
neous treatment with glucocorticoids may lead to
a fulminant disease course with a high mortality.
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Parasitic Colitis, Fig. 7 Colonic mucosal biopsy, HE
high power view. Eggs of Schistosoma mansoni embedded
in the lamina propria

Parasitic Colitis, Fig. 6 HE, low power view. Gravid
proglottid of Taenia saginata passed with the stools and
submitted for microscopic examination
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Synonyms

Anti-epiligrin cicatricial pemphigoid; Anti-laminin
5 cicatricial pemphigoid; Bullous pemphigoid;
Cicatricial pemphigoid; Mucous membrane
pemphigoid

Definition

Esophageal pemphigoid is an uncommon disorder
belonging to a group of autoimmune blistering
diseases that can affect the mucosa, hence the
designation of mucous membrane pemphigoid
(MMP). It was formerly named cicatricial
pemphigoid because, in the majority of the
patients, the lesions have a tendency to heel with
a scar. Bullous pemphigoid (BP) is nowadays the
preferred term for the bullous disease limited to
the skin, where it may initially start as an urticarial
eruption that progressively evolves to large and
tense bullae. BP rarely affects mucosal mem-
branes. Skin involvement in MMP is seen in
20–25% of patients (Sallout et al. 2000); in 10%
of the cases, skin lesions are the first sign of the
disease, but they are usually less severe than in
BP. MMP has the singular quality of healing with
scar formation, and this is the most important
characteristic, contributing to morbidity and mor-
tality of this disease.

MMP is characterized by linear deposition
of immunoglobulins and/or complement
components along the epithelial basement
membrane zone (BMZ). The result of this
alteration is a subepithelial loss of cohesion,
vesicle formation, and epithelial detachment.

MMP may occur simultaneously with
thymoma; pancreatic, gastric, and lung
carcinoma; acquired hemophilia; celiac disease;
and other autoimmune diseases (rheumatoid
arthritis, systemic lupus erythematosus) (Bernard
and Borradori 2012; Sallout et al. 2000).

Clinical Features

The patients may present with odynophagia,
dysphagia, and weight loss and usually have
involvement of the oral or conjunctival mucosa.
There is one exceptional report of MMP with
exclusive esophageal disease at initial presenta-
tion (Sallout et al. 2000). Sometimes the initial
symptoms are related to the formation of
erosions and webs. Later, strictures and even
complete occlusion of the esophagus may
occur. The disease runs a chronic, relapsing
course and rarely remits spontaneously. Scarring
and esophageal stenosis are the major sequelae.
The diagnosis of esophageal pemphigoid needs
a high level of clinical suspicion and combined
clinical, histological, and immunopathological
results.

• Incidence
The incidence of mucous membrane
pemphigoid varies from 1:12,000 to 1:20,000,
per year, 4% of these patients having esopha-
geal disease (Calonje et al. 2012).

• Age
There is some variation in age of presentation.
Mucous membrane pemphigoid is a disease of
elderly people that typically begins in the fifth
or sixth decade of life (Bruch-Gerharz et al.
2007), although there are reports in children
and young adults.

• Sex
There is a female predominance (1,5–2:1)
(Bruch-Gerharz et al. 2007). There are no
known ethnic or racial preferences.

• Site
Esophageal involvement in mucous membrane
pemphigoid is rare and usually limited to the
patients with multiorgan disease.
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• Treatment
To control the symptoms and prevent the com-
plications of esophageal stenosis, systemic
treatment with corticosteroids is indicated.

Prednisone is the most useful drug since it is
simultaneously anti-inflammatory and immu-
nosuppressive; dapsone may be used as
a steroid-sparing adjuvant.

More aggressive cases may require addi-
tional treatment with cyclophosphamide.
Other therapeutic options are intravenous
immunoglobulin, mycophenolate mofetil, tha-
lidomide, dexamethasone, cyclophosphamide
pulse therapy, etanercept, and infliximab.

Surgical dilation of the esophagus is the last
choice in severe stenosis, but it should be
remembered that every surgical manipulation
may exacerbate disease.

• Outcome
The prognosis of MMP is quite variable and is
related to the involved site, esophageal loca-
tion being associated with medical treatment
resistance and a worse prognosis (Chan et al.
2002). Progressive disease from the onset,
frequent relapses in the first years and the per-
manent involvement of other organs, as ocular
mucosa, are predictive of poor outcome.
Severe complications related to infection and
malnutrition may shorten life and cause death.

Macroscopy

Endoscopic findings include bullae, ulcerations,
webs, and stenosis (Sallout et al. 2000).

Microscopy

The characteristic microscopic feature in MMP is
a subepithelial blister with different types of
inflammatory cells related to the evolution of the
lesion (Fig. 1). In a recent lesion, less than 48 h’
duration, there are neutrophil microabscesses in
the subepithelial corion; in the next phase, the
inflammatory infiltrate will have a growing num-
ber of eosinophils; later in the evolution of the
lesion, the predominant cells will be lymphocytes

and plasma cells. The number of eosinophils is
always lower than in bullous pemphigoid.

If an old lesion is sampled, the histological
picture will show an erosion with less intense
inflammation and important fibroblast
proliferation, with new collagen bundles parallel
to the surface. A new vesicle may supervene in an
old, scarred lesion, so a given sample may show
simultaneously scarring and blistering formation
with polymorphous infiltrate.

Immunophenotype

Direct immunofluorescence is a specific and
sensitive test, the best results being obtained
from perilesional mucosa (Bruch-Gerharz et al.
2007; Sallout et al. 2000). These studies are
more frequently positive (50–90%) in mucosa
than in skin (20–50%). A positive test displays
a continuous, fine, linear band of IgG and C3
along the basement membrane. IgA and other
immunoglobulins may also be present, but only
rarely is IgA the single immunoglobulin present.
However, false-negative results may justify the
need to repeat the biopsy in some doubtful cases.

Indirect immunofluorescence for serum
circulating antibodies is a less sensitive method
as it is positive in only 20–30% of MMP
patients. However, the use of multiple substrates,
including salt-split skin, and/or the use of
concentrated serum samples may increase the

Pemphigoid, Bullous, Esophageal, Fig. 1 Mucosal
lesions, similarly to the skin ones, show subepithelial
detachment with polymorphous inflammatory infiltrate
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number of positive results. Antibody titers are
usually very low. The levels of these circulating
antibodies correlate with disease activity, and the
presence of both IgG and IgA antibodies may
be associated with more severe and persistent
disease (Chan et al. 2002).

Electron microscopy studies are useful in
patients in whom tissue immunocomplexes
cannot be demonstrated by conventional
immunofluorescence, but being expensive and
time consuming, this technique is not indicated
as a first-line diagnostic method.

On a recent blister, electron microscopy
demonstrates that the dermal–epidermal cleavage
forms within the lamina lucida.

By direct immunoelectron microscopy,
immune deposits are distributed either in the
lower lamina lucida or over the lamina densa;
they may alternatively be located on and around
hemidesmosomes, below the cell membrane. By
indirect electron microscopy, autoantibodies
typically bind to the lower lamina lucida near by
the lamina densa (Bernard and Borradori 2012).

Molecular Features

Mucous membrane pemphigoid belongs to
a group of immunological diseases traditionally
classified together. They result from the binding of
autoantibodies to the BMZ of stratified epithelia,
which recognize distinct structural components of
the hemidesmosomal adhesion complex that bind
to extracellular antigenic sites within the anchor-
ing filament zone. Immunochemical techniques
have identified the most frequently involved anti-
gens: laminin 332 (previously designated laminin
5) or epiligrin is an adhesion molecule, compo-
nent of the anchoring filaments, within the lamina
lucida; bullous pemphigoid antigen 2 (BP 180)
that also appears to function as an adhesion mol-
ecule, sharing the anchoring filament complex
together with laminin 332; and the b4 integrin
subunit that takes part in the epidermal
hemidesmosome.

Recent demonstration of these autoimmune
reactions enabled the separation of these groups
of diseases into four distinct subgroups on the

basis of the reactivity outline of patients’ autoan-
tibodies. Nevertheless, for practical purposes, the
mucosal cases are considered together, as they
share the same clinical phenotype (Chan et al.
2002).

The first subgroup, known as anti-laminin 332
cicatricial pemphigoid or anti-epiligrin cicatricial
pemphigoid (AECP), includes patients with auto-
antibodies directed against laminin 332. The
patients have circulating IgG autoantibodies that
bind to the dermal side of salt-split skin and react
with the a3 chain (G domain) or, less frequently,
the b3 and/or g2 chain of laminin 5 (a3b3g2).

Recent studies have shown that patients with
this form of mucous membrane pemphigoid have
an increased relative risk for malignant tumors.
The mechanism underlying this association of
AECP and cancer is unknown, but there is accu-
mulating evidence that laminin 5 plays a central
role. These patients with anti-laminin 332 autoan-
tibodies cannot be distinguished clinically from
those with other variants of mucous membrane
pemphigoid. The second subgroup has pure or
predominant ocular disease. The patients
have autoantibodies that bind to the b4 subunit
of a6b4 integrin, a transmembrane hemi-
desmosomal component that interacts with lami-
nin 332. These patients have a lower risk of cancer
than controls and a better prognosis. The third
subgroup encompasses patients with mucosal
and skin lesions and has tissue-bound and
circulating IgG antibodies that react with the
same target antigens as for bullous pemphigoid,
especially BP180. These patients should be
classified as having anti-BP180 antigen mucous
membrane pemphigoid. The fourth group
includes patients who have variable involvement
of mucosae without involvement of the skin. In
these patients, it is unclear if damage occurs as
a result of an autoantibody-mediated response to
proteins of the epithelial basement membrane
(Bernard and Borradori 2012).

Some studies mention the possibility that
genetic factors may influence the susceptibility
to MMP. Some major histocompatibility
complex class II markers and extended haplotypes
have been linked to several clinical forms of
MMP. The allele HLA-DQB1*0301, initially
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described in patients with pure ocular disease, was
further associated with other locations and related
with a more aggressive clinical course (Bruch-
Gerharz et al. 2007). The higher association of
MMP with other autoimmune disorders provides
good evidence to the importance of genetic
factors.

Differential Diagnosis

Differential diagnosis must include the
autoimmune diseases group: pemphigus vulgaris,
bullous pemphigoid, epidermolysis bullosa
acquisita, linear IgA bullous disease, and bullous
systemic lupus erythematosus. If a non-bullous or
cicatricial lesion is sampled, non-autoimmune
diseases must be considered, such as lichen
planus, erythema multiforme, scleroderma,
chronic graft-versus-host disease, and congenital
esophageal stenosis.

Distinction from bullous pemphigoid,
epidermolysis bullosa acquisita, and linear IgA
bullous dermatosis may be very difficult,
requiring the use of sophisticated immunopatho-
logical techniques.

Pemphigus vulgaris and non-autoimmune
diseases may be distinguished by conventional
and immunofluorescence microscopy combined
with adequate clinical context.
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Synonyms

Pemphigus vulgaris

Definition

Pemphigus vulgaris (PV) is a rare, chronic,
life-threatening, autoimmune, blistering disease
of the skin and mucosal membranes. It results
from the loss of integrity of normal intercellular
attachments within epithelia, producing supra-
basal acantholytic blisters. The separation of the
epithelial cells at their desmosomal junctions is
due to the production of autoantibodies targeting
epithelial adhesion molecules.

The disorder may have a complex etiology
involving genetic and environmental factors. The
susceptibility to pemphigus is described as being
related to several human leukocyte antigen (HLA)
alleles and to ethnic groups.

The disease is commonly associated with other
immune disorders and with an increase in the
incidence of neoplasia, but it is distinct from the
variant paraneoplastic pemphigus.
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In a majority of cases, pemphigus vulgaris
starts in the oral mucosa, but it may also occur in
a variety of other mucosal sites. After the onset of
the disease in the oral mucosa, blistering may
spread to involve the skin.

Esophageal lesions are known to occur in
a large number of cases, and the esophagus may
be the only site of involvement (Faias et al. 2004).
The symptoms of esophageal involvement may
include dysphagia, odynophagia, and retrosternal
burning. PV has even been reported as a cause of
esophagitis dissecans superficialis (Hokama et al.
2010), a condition that is characterized by
sloughing of large fragments of esophageal
mucosa.

The clinical phenotype of this disease may be
dominated by mucosal lesions or by mucocutane-
ous lesions. The pathogenesis of the disorder
depends on the formation of antibodies against
autoantigens that, in pemphigus vulgaris, are
desmoglein 3 (Dsg3) and desmoglein 1 (Dsg1).
Autoantibodies reactive to other antigens such as
acetylcholine receptor are also produced in PV,
but they have not shown to directly mediate blister
formation (Stanley and Amagai 2006). The clini-
cal picture – the mucosal dominant type versus the
mucocutaneous involvement pattern – has been
related to the normal distribution of desmoglein 3
and 1 proteins in skin and mucosal epithelium, as
well as to the type of antibody(ies) that is(are)
produced (anti-Dsg3/anti-Dsg1) (Stanley and
Amagai 2006; Hokama et al. 2010).

The examination of a skin or mucosal biopsy
will reveal the presence of a suprabasal
acantholytic cleft or bulla. Direct and indirect
immunofluorescence techniques are used for the
final diagnosis. Immunohistochemistry for IgG4,
the predominant subclass present in these patients,
is also a specific test for diagnosing pemphigus
(Zhang et al. 2012).

Serum from patients with pemphigus vulgaris
contains IgG antibodies and not infrequently IgA
antibodies (Calonje et al. 2012). The circulating
autoantibodies may be detected in serum by
enzyme-linked immunosorbent assay (ELISA).
This sensitive technique may be used for the ini-
tial diagnosis and for monitoring the disease
(Hokama et al. 2010), as circulating antibody

levels and type (IgG1 and IgG4 subclasses) are
related to the clinical phase of the disease (Calonje
et al. 2012).

Clinical Features

• Incidence
Pemphigus is a rare disorder whose annual
incidence ranges from 0.1 to 0.7 per 100,000.
Pemphigus vulgaris is the most common
form of the disease, accounting 80% of the
cases (Calonje et al. 2012). Recent data
has shown that the incidence of
esophageal involvement is higher – 46–87%
(Hokama et al. 2010) – than it was previously
thought.

• Age
Pemphigus vulgaris usually develops in
middle-aged adults (40–60 years). It may also
occur up to 2.6% in children and even in new-
borns (Calonje et al. 2012).

• Sex
Male to female ratio of pemphigus vulgaris is
1:1 (Calonje et al. 2012).

• Site
The clinical picture of PV may be dominated
by mucosal lesions with minimal skin involve-
ment or by a mucocutaneous pattern of
involvement. The esophagus is often involved
and may be the only site of involvement (Faias
et al. 2004). The disease is rarely confined to
the skin (Calonje et al. 2012).

• Treatment
Oral corticoids are considered the first-line
option for treatment of pemphigus vulgaris.
Other therapeutic options include megadose
pulse steroids, immunosuppressants, intrave-
nous immunoglobulins, plasmapheresis, and
anti-CD20 monoclonal antibody (Hokama
et al. 2010).

• Outcome (Prognosis)
Nowadays, the mortality rate in pemphigus
vulgaris is 5–15% (Calonje et al. 2012). The
clinical course is variable and spontaneous
remission has been reported in some patients.
Most morbidity and mortality events depend
on the side effects of therapy.
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Macroscopy

Clinically, vesicles, bullae, or erosions may be seen
on the skin or mucosal surfaces. Esophageal local
erythema, red erythematous longitudinal lines, ero-
sions, ulcers, blisters (Fig. 1), and esophagitis
dissecans superficialis were described in esopha-
geal pemphigus vulgaris (Hokama et al. 2010).

The biopsy specimen, usually small and
obtained from the periphery of the lesions, has
no particular gross features.

Microscopy

Histologically, the disease is characterized by the
presence of acantholysis. When the cells lose their
attachments, a cleft appears in a suprabasal posi-
tion and a suprabasal acantholytic blister develops
(Fig. 2). The basal layer of the epidermis, which
remains attached to the basal membrane, looks
like a “row of tombstones.” In some cases dermal
papillae protrude into the blister cavity as villi.
Acantholytic cells and some inflammatory cells,
particularly eosinophils, may be seen inside the
bullae. The acantholytic epidermal cells are
rounded; they have eosinophilic cytoplasm and
picnotic nuclei, surrounded by a perinuclear halo.
As the bullae are fragile, in some biopsy specimens,
a naked bulla without roof may be obtained, and the
characteristic “tombstone” appearance of the basal
cells may be the only histological finding.

Eosinophilic spongiosis and a slight to intense
chronic perivascular inflammatory infiltrate with
eosinophils may also be seen.

Immunophenotype

Direct immunofluorescence performed on
fresh-frozen tissue is a quite specific and sensitive
morphological test. A fine granular band – which
corresponds to autoantibodies and complement
components attached to the epithelial cells – is
seen in the intercellular junctions. Immunohisto-
chemistry for IgG4 performed on paraffin sections
is also a sensitive test for diagnosing pemphigus
(Zhang et al. 2012).

Molecular Features

Desmogleins and desmocollins are desmosomal
cadherins, which means that they contribute to
modulate cell-cell adhesion and tissue integrity.
It explains why antibody production against
desmogleins 3 and 1 results on mucosal and skin

Pemphigus Vulgaris, Esophageal, Fig. 1 On with-
drawal of endoscope, areas of sloughed mucosa are seen

Pemphigus Vulgaris, Esophageal, Fig. 2 Photomicro-
graph from an esophageal biopsy showing a suprabasal
acantholytic cleft and some acantholytic cells
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blistering. Some studies have suggested that inac-
tivation of desmoglein by antibodies may not be
sufficient to explain blistering phenomena. Com-
plex signaling mechanisms leading to internaliza-
tion of desmoglein 3, reorganization of the
cytoskeleton, and apoptosis of the keratinocytes
have also been proposed to explain blister forma-
tion (Stanley and Amagai 2006).

Differential Diagnosis

Pemphigus vulgaris may be mimicked by other
forms of pemphigus, including paraneoplastic and
drug-induced pemphigus, and by other
dermatologic diseases involving the esophagus,
such as benign mucous membrane pemphigoid,
Darier’s disease, Halley-Halley disease,
dermatitis herpetiformis, epidermolysis bullosa
acquisita, and erythema multiforme. If a picture
of eosinophilic spongiosis is the dominant
morphological feature, the differential diagnosis
may include eosinophilic esophagitis.
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Synonyms

Chronic (peptic) duodenitis; Chronic active
duodenitis; Chronic nonspecific duodenitis;
H. pylori-associated chronic duodenitis; Peptic
ulcer disease

Definition

Peptic duodenal disease represents a continuum of
the same disease process of acute and chronic
inflammation of the duodenal mucosa resulting
from the toxic effects of excess gastric acid. In
the setting of increased gastric acid secretion, such
as in antral predominant H. pylori gastritis, duo-
denal inflammation and ulceration may occur.
Chronic H. pylori infection is highly associated
with peptic disease of the duodenum in more than
80% of the cases. It is also commonly seen in
patients who smoke, take NSAIDs chronically
for other conditions, have renal insufficiency, or
have duodenal immobility. The clinical picture is
characterized by burning epigastric pain relieved
with food ingestion. In severe cases the pain may
be accompanied by nausea and vomiting.

Clinical Features

• Incidence
It is estimated to affect up to 10% of the pop-
ulation in Westernized countries.

• Age
The prevalence of H. pylori-associated
duodenitis increases with age, and peptic
disease is more common in patients older
than 40 years.

• Sex
It is more common in males than in females.
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• Site
Peptic duodenitis is most commonly seen in
the duodenal bulb.

• Treatment
Eradication ofH. pylori and use of acid inhibitors
improve symptoms of the patients. Medical ther-
apy includes small meals, antacids, proton-pump
inhibitors, and antibiotics.

• Outcome
Up to 5% of the patients may have upper gas-
trointestinal bleeding. In elderly, rebleeding
may occur in up to one third. Refractory ulcers
heal slowly or follow a remitting course.
Though rare, perforation may be seen in the
elderly due to NSAIDs.

Macroscopy

Duodenal bulb appears nodular, friable,
deformed, or scarred on endoscopy. Ulcers resem-
ble ulcers in other sites of the gastrointestinal
tract. Most duodenal ulcers are circular and less
than 3 cm in diameter.

Microscopy

The microscopic findings include one or more of
the following: inflammatory cells, namely, plasma
cells and neutrophils in the epithelium, and/or
lamina propria, damaged reactive epithelium
with or without gastric foveolar metaplasia, villus
blunting, mucosal hemorrhage and edema, and
Brunner’s gland hyperplasia with prominent
ingrowth towards the mucosae (Figs. 1–4). Gas-
tric foveolar metaplasia is not an absolute criterion
for the diagnosis of peptic duodenitis in the
absence of mucosal inflammation while it repre-
sents an adaptive process to chronic hyperacidic
state. H. pylori may be present within the meta-
plastic surface. A combined PAS/alcian blue stain
may be performed to highlight neutral mucin pre-
sent in the metaplastic gastric epithelium. The
changes are usually patchy and thus can be missed
due to sampling error. Peptic injury may also
cause increased IELs in duodenal bulb mucosa
causing a major diagnostic confusion with GSE.

This is, particularly, a problem when distal duo-
denum is not biopsied since it is usually normal in
H. pylori infection. In severe cases surface ero-
sions and ulcerations may be seen.

Immunophenotype

There is no specific immunophenotypic feature of
peptic duodenal disease.

Molecular Features

There is no specific molecular feature of peptic
duodenal disease.

Peptic Duodenal Disease, Fig. 1 Duodenal mucosa
showing gastric foveolar metaplasia (H&E; �100)

Peptic Duodenal Disease, Fig. 2 Gastric foveolar meta-
plastic area in inflamed duodenal mucosa (H&E; �200)
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Differential Diagnosis

Since pathologic changes are usually nonspecific in
peptic duodenal disease, NSAID injury, Crohn’s
disease, coeliac disease, and infections with similar
histology should be considered in the differential
diagnosis. Clinical correlation and special stains for
microorganisms may help to differentiate between
these conditions. Features useful in distinguishing
this condition from coeliac disease are the heavy
neutrophilic infiltration of the lamina propria, as
well as the surface epithelium, relatively less archi-
tectural damage in terms of villous shortening, and
the presence of foveolarmetaplasia, though the latter

may also be seen in coeliac disease if the biopsy is
taken from the bulbus affected byH. pylori. Specific
features to aid in the diagnosis of Crohn’s disease are
the presence of granulomas and evidence of lower
GI tract involvement and the patchy nature of the
inflammatory changes. Gastric heterotopy may also
be included in the differential diagnosis as there is
prominent gastric epithelium in this condition. How-
ever, unlike peptic duodenitis, oxyntic glands are
present in heterotopic gastric mucosa.
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Synonyms

Duodenal ulcer; Gastric ulcer; Gastroduodenal
ulcers; Peptic erosions; Peptic ulcer disease

Peptic Duodenal Disease, Fig. 3 Damaged surface epi-
thelium with gastric metaplasia and mixed cellular inflam-
matory infiltrate in the lamina propria (H&E; �200)

Peptic Duodenal Disease, Fig. 4 Neutrophils and IELs
in the surface epithelium showing gastric metaplasia
(H&E; �400)
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Definition

Peptic ulcers are the most common form of
gastroduodenal ulcerations caused by the com-
bined effect of acid and gastric pepsin. They are
clinically defined as a mucosal break equal to or
greater than 5 mm that extend through the
muscularis mucosa, in the stomach or
duodenum, organs that are normally exposed to
acidic environment. As many as 70–80% of the
cases of peptic ulcers are associated with
Helicobacter pylori gastric infection, and 20–30%
associated with the use of nonsteroidal anti-
inflammatory drugs (NSAIDs), with 10% being
idiopathic. Peptic ulcers are most commonly
caused by a decrease in mucosal defense
mechanisms that can be related to Helicobacter
infection and/or NSAIDs use, allowing the
action of acid and pepsin on an unprotected
gastroduodenal mucosa. Uncommonly, they are
associated with hypersecretory states like
gastrinomas (Zollinger-Ellison syndrome). Epigas-
tric pain is the most common symptom of peptic
ulcers.

Clinical Features

• Incidence
Although the incidence of peptic ulcers has
declined (in parallel with the decline in
Helicobacter pylori infection), the lifetime
risk for developing a peptic ulcer is calculated
to be approximately 10–15%. Population-
based studies suggest that in developed
countries the 10-year cumulative incidence of
peptic ulcer is about 2–5%, with almost equal
incidence of gastric and duodenal ulcers. How-
ever, in countries with a high prevalence of
Helicobacter pylori infection, the 2-year inci-
dence is about 2–3%, with 70–80% of the
ulcers being duodenal.

• Age
Peptic ulcers can occur at any age, although
they are more commonly diagnosed at older
ages (>40 years). Complications of peptic
ulcers are more common at ages older than
60–65.

• Sex
Historically, the prevalence of peptic ulcer is
higher in men than in women. However, recent
reports suggest that the prevalence has shifted
to almost equal prevalence’s in both genders
(slightly more common in men).

• Site
Most gastric ulcers tend to occur at the junction
of the corpus and antrum (incisura) along
the lesser curvature; however, they may
occur at any gastric location. More than 95%
of the duodenal ulcers are found in the
first part of the duodenum, either at the
posterior or anterior wall of the duodenum
bulb.

• Treatment
Peptic ulcers almost always heal with 8–12
weeks of therapy with proton pump inhibitors
(PPIs); however, if the baseline condition
(Helicobacter pylori or NSAIDs use) is not
resolved, the risk of recurrence is high when
PPIs are stopped. So, for peptic ulcers related
to Helicobacter pylori gastritis, the
recommended treatment is PPI-based triple
therapy (14 days of PPI with two antibiotics,
twice daily), resulting in ulcer healing in
85–90% of cases. The risk of recurrence is
high in the absence of successful H. pylori
eradication, and, so, confirmation of eradica-
tion is recommended. In patients with NSAID-
associated ulcer disease, if it is clinically
feasible, NSAIDs should be discontinued. For
patients who must continue NSAIDs, PPI
maintenance therapy is recommended as well
as H. pylori eradication. Other antisecretory
medications like H2 blockers may also heal
peptic ulcers, however, with worse results
than PPIs. Surgery is only needed for
complications of peptic ulcers like perforation
or bleeding.

• Outcome
When diagnosed in the uncomplicated phase,
the prognosis is excellent, with almost all
patients obtaining total healing of the ulcers.
Recurrence is possible if the underlying cause
of the ulcer is not adequately managed (see
“Treatment”). However, although the inci-
dence of ulcers may be decreasing, the
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incidence of complicated ulcers has remained
the same, with a combined risk of complica-
tions (bleeding, perforation, obstruction) of
1–2% per ulcer per year. The mortality rate is
approximately 1 death per 100,000 cases with
the mortality rate due to ulcer hemorrhage
being 5–10%.

Macroscopy

Upper gastrointestinal endoscopy is the diagnos-
tic test of choice. At endoscopy the ulcer appears
as a round to oval parietal defect (“hole”), gener-
ally with 0.5–2 cm diameter and with a smooth
base which often presents some whitish fibrinoid
exudate and perpendicular borders (Fig. 1). These
borders are not elevated or irregular in the acute
form of peptic ulcer, but they may be regular with
elevated borders and inflammatory surrounding in
the chronic form. Surrounding mucosa may pre-
sent radial folds, as a consequence of the parietal
scarring. In the ulcerative form of gastric cancer,
the borders are irregular and there is generally
some nodular or mass component in the lesion.

Nevertheless, at least 5% of apparently benign
gastric ulcers are in fact malignant, and for this
reason, biopsy and confirmation of ulcer healing
is generally recommended.

Microscopy

A peptic ulcer is a mucosal defect, which pene-
trates the muscularis mucosae and sometimes also
the muscularis propria particularly in the duode-
num, produced by acid-pepsin aggression. The
histology depends on its chronicity. Ulcer margins
are perpendicular and present chronic gastritis.
During the active phase, the base of the ulcer
shows four zones: inflammatory exudate with
neutrophilic infiltration, fibrinoid necrosis, granu-
lation tissue, and fibrous tissue. The fibrous base
of the ulcer may contain vessels with thickened
wall or with thrombosis.

Differential Diagnosis

Clinical: Cholecystitis; Cholelithiasis; Biliary
colic; Gastroesophageal reflux disease;
Cholangitis; Hepatitis; Gastritis/gastroenteritis;
Acute coronary syndrome; Abdominal aneurysm;
Mesenteric ischemic disease; Diverticulitis.

Endoscopic: Malignant ulcer (adenocarci-
noma, lymphoma); Peptic erosions; Esophagitis;
Infectious ulcer (tuberculosis, fungus, virus);
Ischemic ulcer; Ulcer caused by inflammatory
bowel disease.
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Peptic Ulcer, Fig. 1 Duodenal ulcer
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Peutz-Jeghers Syndrome
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Synonyms

Periorificial lentiginosis; Polyps and spots
syndrome

Definition

Peutz-Jeghers polyposis is a hereditary cancer
syndrome which belongs to hamartomatous
polyposis syndromes. It is characterized by muco-
cutaneous melanotic hyperpigmentation and
hamartomatous polyps in gastrointestinal tract
with an increased risk of intestinal and also extra-
intestinal malignancies.

Hamartoma defines an overgrowth of normal
tissues in their own native localisations.
Hamartomatous polyps in gastrointestinal tract
can be seen sporadically, but multiple polyps can
occur as a component of genetically inherited or
acquired hamartomatous polyposis syndromes.
Hamartomatous polyposis syndromes include:
(1) Juvenile polyposis, (2) Peutz-Jeghers poly-
posis (PJP), (3) Cowden syndrome and
Bannayan-Ruvalcaba-Riley syndrome (these two
are also called as “PTEN hamartoma tumor syn-
drome” because of the same affected gene locus),
(4) Cronkhite-Canada syndrome (the latter is dif-
ferent from the former three because of its inflam-
matory basis rather than genetic).

Diagnostic criteria for defining hamartomatous
polyps in gastrointestinal tract as PJP are: (1) three
or more morphologically defined Peutz-Jeghers
polyps; or (2) any number of Peutz-Jeghers
polyps with a family history of PJP; or (3) charac-
teristic mucocutaneous hyperpigmentation with a
family history of PJP; or (4) any number of Peutz-
Jeghers polyps with characteristic mucocutaneous
hyperpigmentation.

Clinical Features

• Incidence
The prevalence of PJP has been estimated
between 1 per 50,000 birth to 1 per 200,000
births. This rate corresponds to approximately
one tenth of familial adenomatous polyposis.

• Age
PJP is generally diagnosed in the first and
second decades although the first presentation
has been reported with an age range of 2–62
years.

• Sex
No sex predilection has been defined for PJP.

• Site
Peutz-Jeghers polyps in PJP are most com-
monly found in small intestine (95%), particu-
larly upper jejunum followed by colon (60%)
and stomach (50%). Peutz-Jeghers polyps have
also been detected outside the gastrointestinal
tract, such as gallbladder, bladder and naso-
pharynx, bronchi and ureter.

Mucocutaneous melanotic hyperpigmenta-
tions are seen on the lips (characteristically
vermilion borders), nostrils, buccal mucosa,
palmar surfaces, genitalia and perianal region.
Malignancies occur in the entire gastrointesti-
nal tract (including pancreas) in PJP. Extra-
gastrointestinal malignancies have been
reported in breast, ovary, testis, and uterus.

• Treatment
Surgery is required when intussusception caus-
ing ileus occurs. Endoscopic polypectomy of
pedinculated polyps is important to prevent
such complications.

The most important point in PJP is the sur-
veillance programs for the early diagnosis and
prevention for gastrointestinal and extra-
intestinal malignancies. Proposed surveillance
programs comprise of (1) colonoscopy, gas-
troscopy and appropriate small intestine
screening method in every 2–3 years beginning
from the age of 18 (or eight as more rigidly),
(2) Ultrasound examination for pancreas and
ovary in every 1–2 years, (3) breast self-
examination annually and mammography in
every 2–3 years, (4) Cervicovaginal smears
and pelvic examination in every 3 years, and
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(5) Testicular examination beginning from the
birth.

• Outcome
Intussusception is the main nonneoplastic pre-
sentation of PJP and is the major cause of
mortality during childhood. Abdominal pain
and bleeding are usually related to this compli-
cation. It mainly occurs in the small intestine.
Rectal prolapse of the polyps may also be seen
in childhood.

The most warrisome complication of PJP is
malignancy. Overall relative risk of malig-
nancy at any site has been reported as 15-fold
for PJP. Cumulative risk for any malignancy
has been calculated as 93% in PJP patients
between 15 and 64 year old age group. This
rate is also higher for some organs: 39% for
colorectal carcinoma, 36% for pancreatic car-
cinoma, 29% for gastric carcinoma and 54%
for breast carcinoma.

Macroscopy

Typically, hamartomatous polyps in PJP are
coarsely lobulated with a short peduncle. Multi-
lobulated architecture and eroded smooth surface
of juvenile polyps or the characteristic velvety
texture of adenomatous polyps are not seen. The
size of polyps changes from millimetres to several
centimetres.

Mucocutaneous hyperpigmented lesions are
millimetric macules on areas described above.
They are present 95% of patients in childhood
and may disappear after puberty.

Microscopy

The distinctive microscopic view of PJP polyps is
prominent tree branch-like smooth muscle prolif-
eration between mucosal epithelial components
(Fig. 1). These arborizing smooth muscle fibers
derives from the muscularis mucosa. Mucosal
component consists of cysticly dilated glands
with condensed mucin in their lumen. Lamina
propria can be inflamed and fibrotic. This specific
pattern may be indistinct for small polyps and the

polyps in gastric localisation. Ischemic change
and pseudoinvasion pattern may complicate the
diagnosis in pedunculated polyps of PJP. Dyspla-
sia of the epithelium has been rarely reported in
PJP polyps.

Immunophenotype

No specific immunophenotypic feature has been
reported for PJP.

Molecular Features

PJP is a genetically inherited syndrome with auto-
somal dominant trait. Germline mutation is seen
in LKB1/STK11 gene, locused in 19p13.3. Ser-
ine/threonine kinase, the product of this pleiotro-
pic tumor suppressor gene, is responsible from
many regulatory activities including cell growth
and inhibits some anabolic metabolism activities.

Differential Diagnosis

Hyperplastic polyps, other types of hamartomatous
polyps and even adenomas are in the differential
diagnosis group for PJP polyps. Arborizing smooth
muscle proliferation and absence of diffuse dyspla-
sia are helpful diagnostic features. Foveolar

Peutz-Jeghers Syndrome, Fig. 1 Tree branch-like
smooth muscle bundles are seen in between mucosal
glands (HEx100)
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hyperplastic features without arborizing smooth
muscle fibers may be seen in gastric polyps. Clin-
ical correlation is needed in such situations.

Epithelial misplacement (pseudoinvasion)
may be problematic in pedunculated polyps of
PJP, causing confusion for adenocarcinoma.
Thorough evaluation of the fundamental features
of epithelial misplacement may prevent
a misdiagnosis of adenocarcinoma.
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Synonyms

Paterson-Brown-Kelly syndrome; Paterson-Kelly
syndrome; Sideropenic dysphagia; Waldenström
and Kjellberg syndrome

Definition

Plummer-Vinson syndrome is the most common
name attributed to the association of dysphagia,
upper esophageal webs, and iron-deficiency
anemia. Henry Stanley Plummer and Porter
Paisley Vinson were the American physicians
who first reported clinical cases of patients with
this entity. However, its full description was done
later by the British laryngologists Donald Ross
Paterson and Adam Brown-Kelly. Waldenström
and Kjellberg later documented cases of the
syndrome also occurring with sideropenia
without anemia.

The pathogenesis of Plummer-Vinson
syndrome (PVS) remains unknown, but the main
purposed theories are based on nutritional defi-
ciencies (mainly of iron) or autoimmune
phenomenon. The syndrome’s diagnosis implies
iron deficiency, with or without anemia, and this
deficiency is proposed to lead both to atrophy of
the esophageal mucosa, with formation of webs,
and to changes in muscles involved in
swallowing. These alterations would mainly be
due to the depletion of iron-dependent enzymes.
The fact that PVS can be improved, and
sometimes cured, with iron supplementation
supports this theory, but the vast majority of
patients with iron deficiency do not develop
the syndrome and esophageal webs are found
without it. This could be explained by
a genetic predisposition, which might also explain
the fact that while in some populations
the decline of PVS’s incidence paralleled
the nutritional status improvement, in
others it remains rare even with chronic
iron deficiency.

The fact that PVS has been associated with
some autoimmune diseases, such as celiac
disease, rheumatoid arthritis, or thyroiditis, led to
the autoimmune theory of its etiology, but it has
also never been demonstrated.

Finally, it has been proposed that the syndrome
originates from a patch of heterotopic gastric
mucosa in the upper esophagus that ulcerates,
causing bleeding and iron deficiency, and then
leads to scaring, with web formation. Again, this
has never been demonstrated.
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Clinically, patients usually report intermittent,
sometimes progressive, painless dysphagia.
The dysphagia in PVS is usually limited to solids
and may be associated with weight loss. All other
symptoms and signs that may be present, namely,
fatigue, pallor, tachycardia, glossitis, angular
cheilitis, koilonychia, and hepatosplenomegaly,
result from anemia and iron deficiency.

The diagnosis of PVS is done after
documenting iron deficiency, with or without ane-
mia (and usually with no other laboratory alter-
ations) and postcricoid upper esophageal webs.
The webs (single or multiple) are usually limited
to the first centimeters of the esophagus and start
from its anterior wall, extending laterally and
rarely encircling the lumen. They may be seen at
endoscopy, but they are easily ruptured and mis-
sed, which makes videofluoroscopy the best diag-
nostic exam. Occasionally, the webs can also be
demonstrated by barium swallow X-ray.

Manometric studies are not used for diagnosis,
but some authors have described low pharyngeal
swallowing pressures and low amplitude contrac-
tions in the esophagus that are typically corrected
by iron supplementation.

Clinical Features

• Incidence
The exact incidence and prevalence of PVS are
unknown, but the syndrome seems to be
extremely rare nowadays, with only a few
case reports being published. In the
beginning of the twentieth century, PVS was
apparently common in northern European
countries, but it rapidly declined, in parallel
with the improvement of the population’s
nutritional status.

• Age
The syndrome has typically been described
between the fourth and seventh decades of
life, but there are case reports at younger ages.

• Sex
PVS has been more commonly described in
women, with a clear female predominance in
the early high incidence studies from
Scandinavia.

• Site
The characteristic webs are typically limited to
the proximal third of the esophagus.

The syndrome may have systemic manifes-
tations, secondary to the anemia and/or iron
deficiency.

• Treatment
Iron replacement therapy is the cornerstone of
treatment and sometimes, by itself, leads to
complete resolution of the syndrome. The
cause of the iron deficiency should be clarified
and corrected whenever possible.

When the dysphagia persists after iron sup-
plementation, dilation and/or incision of the
web should be performed. Usually, one session
of endoscopic therapy is enough, but multiple
procedures may be required.

• Outcome (Prognosis)
If the iron deficiency is corrected, the
syndrome does not seem to reoccur after
therapy. The main concern is the description
of cases of hypopharynx or upper esophagus
squamous cell carcinomas complicating
PVS. The syndrome is therefore considered
a premalignant condition, and yearly
surveillance by upper gastrointestinal endos-
copy is recommended, although the effective-
ness of this strategy is unproven.

Macroscopy (Gross)

The esophageal webs in PVS are thin membranes
(1–2 mm) that emerge from the anterior wall, just
below the cricopharyngeal muscle, and are rarely
circumferential but may be multiple.

Microscopy

Webs are composed of mucosa and submucosa
layers and, by definition, have no muscular layer.
They are usually covered, on both sides, by normal
squamous epithelium and have a subepithelial
layer of connective tissue. Occasionally, mucosal
atrophy, chronic submucosal inflammation, and
atrophy or degeneration of the muscularis mucosa
may be seen.
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Immunophenotype

Thyroid cytoplasmic autoimmune antibodies
have been found in a higher proportion of patients
with PVS, when compared to other iron-deficient
patients. No other antibodies have been associated
with the syndrome.

Molecular Features

The molecular basis of the syndrome is unknown.
The proposed depletion of iron-dependent
enzymes has never been demonstrated.

Differential Diagnosis

The main differential diagnosis to be made is that
of the cause of dysphagia, which has to include all
mechanical (especially malignant tumors) and
motor causes. It is also essential to diagnose the
cause of the iron deficiency, which may imply
specific treatment.
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Polyp, Gastrointestinal

Arzu Ensari
Department of Pathology, Ankara University
Medical School, Sihhiye, Ankara, Turkey

Synonyms

Benign neoplasia; Growth; Protuberance

Definition

The term polyp refers to any overgrowth of
tissue from the surface of the mucous
membranes. Gastrointestinal polyp is any mass
of tissue that arises from the bowel wall and
protrudes into the lumen. Gastrointestinal
polyp is a common form of benign neoplastic
growth.

Polyps show a great variation in shape and
size. They may have round, shiny smooth surfaces
or may be eroded/ulcerated depending on the size
of the polyp.

All gastrointestinal polyps arise from the
mucosa. Majority of these polyps are asymptom-
atic and may be discovered accidentally at endos-
copy performed for other reasons. The main
concern is malignant transformation; most colon
cancers arise in a previously benign adenomatous
polyp.

Clinical Features

• Incidence
Incidence of polyps ranges from 7% to 50%;
the higher figure includes very small polyps
(usually hyperplastic polyps or micro-
adenomas) found at autopsy. About one third
of the general population will develop intesti-
nal polyps at some point in life.

• Age
The incidence of preneoplastic polyps such as
adenomas increase with age. In general, how-
ever, hamartomatous or nonneoplastic polyps
may be found starting from the first decades of
life.

• Sex
There is no sex predilection in gastrointestinal
polyps.

• Site
Gastrointestinal polyps, often multiple, occur
most commonly in the rectum and sigmoid and
decrease in frequency toward the cecum.
Stomach and small intestine are the sites
where isolated or multiple polyps of various
types may also be observed.
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• Treatment
• Outcome

Macroscopy

Polyps may be sessile or pedunculated and vary
considerably in size from a few millimeters to
a few centimeters.

Microscopy

Gastrointestinal polyps comprise of adenomatous
polyps or adenomas, hyperplastic, serrated
polyps, hamartomatous polyps, namely juvenile
polyp, Peutz-Jeghers type polyps, lymphoid, lipo-
matous, leiomyomatous, and ganglioneuromatous
polyps. The classification of gastrointestinal
polyps is presented in Table 1.

Immunophenotype

No specific immunophenotype is present in gas-
trointestinal polyps.

Molecular Features

Sporadic gastrointestinal polyps do not usually
possess the molecular aberrations as their
polyposis counterparts. However, conventional
adenomas show somatic APC mutations while
hyperplastic/serrated polyps show BRAF
mutations.

Differential Diagnosis

All polyps arising in gastrointestinal tract come
into the differential diagnosis grossly. However,
microscopy reveals specific features that charac-
terize each one of these polyps.
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Polyposis Syndromes

Arzu Ensari
Department of Pathology, Ankara University
Medical School, Sihhiye, Ankara, Turkey

Synonyms

Gastrointestinal polyposis syndromes; Hereditary
polyposis syndromes

Definition

Gastrointestinal polyposis syndrome is character-
ized by the presence of at least 15 polyps dis-
persed throughout the gastrointestinal tract. Most
polyposis syndromes however present with hun-
dreds of polyps in the gastrointestinal tract. These

Polyp, Gastrointestinal, Table 1 Classification of gas-
trointestinal polyps

Site Neoplastic Nonneoplastic

Stomach Adenoma
Gastric type
Intestinal type
Pyloric gland

adenoma
Fundic gland polyp
associated with FAP
Traditional serrated
adenoma

Hyperplastic
polyp
Inflammatory
fibroid polyp
Hamartomatous
polyp

Small
intestine

Adenoma
Traditional serrated
adenoma

Hamartomatous
polyp

Colorectum Adenoma
Sessile serrated
adenoma
Traditional serrated
adenoma

Hyperplastic
polyp
Hamartomatous
polyp
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are rare, autosomal dominant syndromes charac-
terized by multiple polyps and a high risk for
gastrointestinal and extraintestinal cancer. Poly-
posis syndromes are classified by the polyp type,
age of presentation, gastrointestinal distribution,
number of polyps, presence of extraintestinal find-
ings, and the underlying germline genetic abnor-
mality. They are characterized and named by the
predominant polyp type (e.g., juvenile polyp and
juvenile polyposis syndrome). Extraintestinal find-
ings include congenital retinal hypertrophy, osteo-
mas, perioral pigmentation, epidermoid cysts,
subcutaneous lipomas, sebaceous gland tumors,
medulloblastoma, and hepatoblastoma. Types of
gastrointestinal polyps that are found in polyposis
syndromes vary from conventional adenoma to
hamartomatous, juvenile, hyperplastic, serrated,
inflammatory, ganglioneuromatous, and lipoma-
tous polyps. The classification of gastrointestinal
polyposis syndromes is presented in Table 1.

Clinical Features

• Incidence
The incidences of polyposis syndromes vary
between 1: 10,000 and 1: 200,000 and even
lower in the rarer forms of polyposis.

• Age
Polyposis syndromes arise in a background of
germline mutations of associated genes, and
therefore present at young ages ranging from
the first decade to the fourth-fifth decade of life
depending on the type of polyposis syndrome.
Juvenile polyposis may present in the first
decade while adenomas in familial adenoma-
tous polyposis may be diagnosed in second or
third decade. Polyps increase in size and num-
ber with age. Neoplastic progression of adeno-
mas leading to colorectal carcinoma may be
detected at the age of 40.

• Sex
There is no known sex predilection in gastro-
intestinal polyposis syndromes. An equal dis-
tribution between men and women is expected.

• Site
The majority of gastrointestinal polyposis syn-
dromes involve the entire gastrointestinal tract

with a predominance of polyps in the colon.
However, the polyps of Peutz-Jeghers syn-
drome show a predilection to the small intes-
tine, while proximal involvement is very
common in MUTYH-associated polyposis in
comparison to familial adenomatous poly-
posis. Therefore, the site of involvement is
determined by the type of polyposis syndrome.

• Treatment
Treatment of gastrointestinal polyposis syn-
dromes focuses on prophylactic surgery before
the development of malignancy. In most cases,
surgery is delayed until the patient completes
secondary education with annual surveillance.
Polyp number and size determine the need for
early surgery. Surveillance should be contin-
ued following surgery.

Polyposis Syndromes, Table 1 Classification of gas-
trointestinal polyposis syndromes

Hereditary polyposis syndromes

Nonhereditary
polyposis
syndromes

Adenomatous
polyposis
syndromes

Hamartomatous
polyposis
syndromes

Serrated
polyposis
syndrome

Familial
adenomatous
polyposis (FAP)
Classical FAP
Gardner’s

syndrome
Turcot’s

syndrome
Attenuated

FAP
MUTYH
(MYH)-
associated
polyposis
syndrome
(MAP)
Lynch
syndrome
Muir-Torre
syndrome

Juvenile polyposis
syndrome
Peutz-Jeghers
syndrome
PTEN-hamartoma
tumor syndrome
Cowden

syndrome
Bannayan-

Riley-Ruvalcaba
syndrome
Proteus

syndrome
Hereditary
hemorrhagic
telangiectasia

Cronkhite-
Canada
syndrome
Inflammatory
“cap” polyposis
Lymphomatoid
polyposis
Nodular
lymphoid
hyperplasia
Pneumatosis
cystoides
intestinalis

Other:
Neurofibromatosis
type 1, multiple
endocrine
neoplasia type 2,
Birt-Hogg-Dube
syndrome
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• Outcome
Early diagnosis of the polyposis syndrome
together with prophylactic surgery and appro-
priate surveillance usually result in favorable
outcome. The reverse is true however for cases
whose initial presentation is with malignancy.

Macroscopy

Macroscopically gastrointestinal polyposis syn-
dromes are characterized with the presence of
numerous polyps distributed throughout the gastro-
intestinal tract. The gross features of the polyps and
the polyposis syndromes may differ depending on
the predominant polyp type. Carpeting with milli-
metric sessile polyps is a frequent finding in familial
adenomatous polyposis while hamartomatous poly-
posis syndromes are characterized by the presence
of protruding, large polyps fewer in number.

Microscopy

Microscopy of the polyposis syndromes varies
according to the predominant polyp type. Con-
ventional adenomas, serrated polyps, hyperplastic
polyps, hamartomatous polyps, juvenile polyps,
ganglioneuromatous, and lipomatous polyps can
be found in gastrointestinal polyposis syndromes.

Immunophenotype

No specific immunophenotype is present.

Molecular Features

Molecular abnormalities underlying the polyposis
syndromes are presented in Table 2.

Differential Diagnosis

Though initial presentation may be similar, gas-
trointestinal polyposis syndromes can be differen-
tiated according to the predominant polyp type,
number, distribution of the polyps, age of the
patient, and the underlying molecular abnormality
(see Table 2).

References and Further Reading

Bronner, M. P. (2003). Gastrointestinal inherited
polyposis syndromes. Modern Pathology, 16(4),
359–365.

Brosens, L. A. A., van Hattem, W. A., Marnix, J., Jansen,
M., Wendy, W. J., de Leng, W. W. J., Giardiello, F. M.,
& Offerhaus, G. J. A. (2007). Gastrointestinal
polyposis syndromes. Current Molecular Medicine, 7,
29.

Jelsig, A. M., Qvist, N., Brusgaard, K., Nielsen, C. B.,
Hansen, T. P., & Ousager, L. B. (2014).
Hamartomatous polyposis syndromes: A review.
Orphanet Journal of Rare Diseases, 9, 101–111.

Kastrinos, F., & Syngal, S. (2011). Inherited
colorectal cancer syndromes. Cancer Journal, 17(6),
405–415.

Lynch, H. T., Lynch, J. F., & Shaw, T. G. (2011). Hereditary
gastrointestinal cancer syndromes. Gastrointestinal
Cancer Research, 4(Suppl 1), S9–S17.

Polyposis Syndromes, Table 2 Histopathologic and molecular features of gastrointestinal polyposis syndromes

Polyposis syndrome GI involvement Polyp type Aberrant gene

Classical FAP Mainly colorectum + entire GI Conventional adenoma APC

MAP Colorectum + extensive upper GI
polyposis

Conventional adenoma, serrated
polyp

MUTYH (MYH)

Juvenile polyposis Entire GI Juvenile polyp SMAD4 or
BMPR1A

Peutz-Jeghers
syndrome

Entire GI, predominantly small
intestine

Peutz-Jeghers polyp LKB1 (STK11)

Cowden syndrome Entire GI Hamartoma PTEN
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Pseudodiverticulum
(Pseudodiverticula), Esophageal

Catarina Fidalgo and Sandra Faias
Instituto Português de Oncologia de Lisboa
Francisco Gentil, E.P.E., Lisbon, Portugal

Synonyms

Esophageal traction or pulsion diverticula;
Pseudodiverticula of the esophageal body

Definition

Pseudodiverticula of the esophageal body are
outpouchings of the esophageal lumen containing
mucosa and submucosa, through a defect in the
muscular layer. The term pseudodiverticulum
implies that congenital diverticula are excluded
as the latter are “true” diverticula, meaning that
they contain all layers of esophageal wall. Pseudo-
diverticula can also be classified according to their
pathogenesis as pulsion or traction diverticula, the
former resulting from high intraluminal pressure
(a mechanism shared by Zenker’s and epiphrenic
diverticula) and the latter from a mechanism of
traction from the outside of the esophagus.
Pulsion diverticula can also be associated with
motility disorders of the esophagus such as acha-
lasia, diffuse esophageal spasm, or hypertensive
lower esophageal sphincter, although this causal
relationship is more established in the case of
epiphrenic diverticula. Traction diverticula are
a consequence of mediastinal inflammation,
occurring in the setting of tuberculosis, histoplas-
mosis, or sarcoidosis. This traction mechanism
can also take place in the setting of malignant
disease with enlarged mediastinal lymph nodes.
These outpouchings can occur anywhere in the
esophagus but are usually located in the middle
or lower third. When the diverticulum is located
near the diaphragmatic hiatus, it is called
epiphrenic diverticulum. The etiology of this

anatomic alteration is usually inflammatory but
can also be traumatic. Pseudodiverticula of the
esophagus can occur as a complication of sclero-
therapy for esophageal varices or as
a consequence of thoracic surgery. Esophageal
pseudodiverticula are usually asymptomatic,
being an incidental finding in barium
esophagogram or upper endoscopy (Fig. 1)
performed for unrelated symptoms. When symp-
tomatic, the most common symptoms are dyspha-
gia, regurgitation, and, rarely, weight loss and
chest discomfort. A special type of pseudo-
diverticulum, known as esophageal intramural
pseudodiverticulosis, refers to the finding of mul-
tiple, small outpouchings of the esophageal wall
that can be seen on contrast esophagogram. These
are dilatations of the excretory ducts of submuco-
sal mucus glands, forming tiny outpouchings or
pseudodiverticula. Sometimes intramural tracks
bridge between two or more pseudodiverticula,
a process called intramural tracking. It sometimes
progresses to benign stricture, resulting in vari-
able degrees of dysphagia. The definite etiology
remains unknown, although it has been associated
with gastroesophageal reflux, fungal infection,
diabetes, and alcohol abuse. There have been
case reports of pseudodiverticular perforation
leading to mediastinitis.

Pseudodiverticulum (Pseudodiverticula), Esopha-
geal, Fig. 1 Endoscopic view of an esophageal
pseudodiverticulum
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Clinical Features

• Incidence
Esophageal pseudodiverticula are extremely
rare. In fact they correspond to less than 10%
of all pharyngoesophageal diverticula
(Zenker’s prevalence, the most frequent
pseudodiverticulum, is 0.1%).

• Age
As the diagnosis is almost always accidental, there
is no knowledge about a typical age at diagnosis.

• Sex
There is no known gender difference in terms
of prevalence.

• Site
Esophageal diverticula are usually located in
the middle or lower third of the esophagus.
This designation excludes epiphrenic divertic-
ula (addressed in another chapter).

• Treatment
Only symptomatic esophageal pseudo-
diverticula merit any treatment. If serious
symptoms are attributable to the diverticulum
and the patient is fit to undergo surgery,
a correction may be considered. Both open
surgery and thoracoscopical/laparoscopical
options can be used. It is advisable to perform
amotility study bymanometry to exclude asso-
ciated motility disorder, prior to treatment.

• Outcome
Themajority of these diverticula are asymptom-
atic and do not become symptomatic over time.

Macroscopy

Pseudodiverticula are outpouchings of the esoph-
ageal wall anywhere in the esophagus.

Microscopy

These outpouchings contain mucosal and submu-
cosal layers protruding through a defect in the
muscular layer. In the particular case of intramural
pseudodiverticulosis, the outpouchings corre-
spond to dilated mucus glands in the submucosal
layer.

Immunophenotype

No immunophenotypic features have been
identified as associated with esophageal
pseudodiverticula.

Molecular Features

No distinctive molecular features have been
proposed in this condition.

Differential Diagnosis

Epiphrenic diverticulum, esophageal intramural
pseudodiverticula
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Pseudoepitheliomatous Hyperplasia,
Esophageal

Ricardo Fonseca1 and Paula Chaves2,3
1Serviço de Anatomia Patológica, Instituto
Português de Oncologia de Lisboa Francisco
Gentil, Lisboa, Portugal
2Serviço de Anatomia Patológica, Instituto
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Synonyms

Atypical regenerative hyperplasia; Reactive
hyperplasia
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Definition

Pseudoepitheliomatous hyperplasia (PEH) is
a morphologic pattern of reactive squamous epi-
thelial proliferation that occurs in response to
underlying infections, inflammations, or neo-
plasms (Kune 2012; Noffsinger 2007). It is char-
acterized by parallel, elongated, and occasionally
irregular columns of highly reactive squamous
cells, with prominent nucleoli and abundant mito-
ses that may extend deep into the lamina propria.
Its appearance may simulate invasive squamous
cell carcinoma. On occasion, this reaction may be
endoscopically visible, and this may cause diag-
nostic confusion with a malignant lesion (Odze
2009).

Clinical Features

As PEH is a reactive epithelial proliferation, and
so its clinical features (incidence, age, sex, site, or
macroscopic features) are mostly dependent on
the underlying infectious, inflammatory, or neo-
plastic conditions.

• Treatment
No specific treatment for this condition is
required, if the correct diagnosis is rendered.
Treatment is aimed at the underlying condition.

• Outcome
PEH is a benign condition that does not require
surveillance. An endoscopy should be used
only when the appearance is atypical and/or
the clinical suspicion of an underlying esoph-
ageal disease is high.

Microscopy

Histologically, PEH is characterized by prolifer-
ating strands of thin, markedly elongated, anasto-
mosing epithelium, and heavy infiltration of
inflammatory cells as well as varying degrees of
hyperkeratosis and papillomatosis (Kune 2012).
PEH corresponds to an extensive acantosis
(Noffsinger 2007). Histologically, PEH does not
demonstrate cytological features of malignancy
such as nuclear pleomorphism, maturation atypia,

mitosis, and stromal invasion, although it may
show reactive atypia (Bouquot 2001).

It may be primary, as described in primary
gingival PEH, or secondary, when associated
with granular cell tumor or chronic irritation pro-
cesses (Bouquot 2001).

Regenerating basal esophageal epithelium is
characterized by nuclear enlargement, hyper-
chromasia, and rare mitotic figures in the basal
cell layers. When the epithelium becomes very
hyperplastic, acanthosis occurs (extension of
elongated epithelial pegs into the underlying lam-
ina propria).

Hyperplasia of basal cells observed in squa-
mous epithelial regeneration can be present in
acute or chronic damage. This hyperplasia is
a consequence of an increase in cell turnover,
contributing to an expansion of the basal prolifer-
ative zone.

Molecular Features

The molecular features studied in this condition
besides those mentioned for specific differential
diagnosis.

Differential Diagnosis

It is sometimes difficult to distinguish PEH from
invasive squamous cell carcinoma, in some tissue
samples. Many times the problem is partially due
to small tissue size, dense inflammation, and poor
orientation.

Various morphologic features may help differ-
entiate these two entities. The reactive cells gener-
ally maintain their normal polarity, the nuclei do
not overlap, and there is no abnormal mitosis. The
more superficial layers have squamous cell matu-
ration, and there is no individual cell keratinization
(characteristic of high-grade dysplasia) (Noffsinger
2007). The epithelial-stromal boundary appears
smooth, with an obvious basement membrane, if
no inflammation is present. The lamina propria and
submucosa can become inflamed, but there should
not be any desmoplasia, surrounding the epithelial
cells (Noffsinger 2007).
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In contrast to squamous cell carcinoma, hyper-
plastic cells have no signs of malignancy, having
possible signs of reactive atypia.

Several markers have been identified as aiding
on the differential diagnosis with squamous cell
carcinoma (SCC) of the esophagus, like p53,
matrix metalloproteinase 1, and E-cadherin
(Zarovnaya 2005).

The p53 tumor suppressor gene has been found
in the mucosa from patients with PEH, although
with a different pattern from that found in tumor
samples.

Zarovnaya E. et al (Zarovnaya 2005) observed
an increased reactivity for p53 within the nuclei of
invasive tumor cells, but on PEH cells the surface
mucosa showed nuclear staining limited to the
basal cells and, occasionally, the cells immedi-
ately adjacent in a linear pattern. The staining
decreased or disappeared as the squamous cells
matured (Bouquot 2001).

In contrast, the same authors observed that the
invasive SCC showed nuclear reactivity for p53,
with staining of nuclei throughout the full
thickness of the epithelium rather than just
the basal area as in the benign tissues (Bouquot
2001).

Matrix metalloproteinase 1 showed an
increased reactivity within the invasive tumor
cells. In contrast, PEH basal cells and the cells
immediately adjacent were the ones that stained
most strongly (Bouquot 2001).

E-cadherin can also be used in the differential
diagnosis of PEH from malignant transformation,
showing a decreased staining in invasive cells
(Bouquot 2001).

It is important to assure adequate samples for
diagnosis, since small or poorly oriented biopsies
may be difficult to interpret.

Differential Diagnosis
Squamous Cell Carcinoma of the Esophagus

Unlike squamous cell carcinoma of the
esophagus, PEH lacks “paradoxical matura-
tion” and characteristically has an intact basal
layer (Zarovnaya 2005). Antibodies like p53,
matrix metalloproteinase 1, and E-cadherin can
help in the differential diagnosis.

Squamous Dysplasia
Unlike squamous dysplasia, the PEH is

adjacent to a healing ulcer or overlying granu-
lar cell tumors. It often shows abundant inflam-
matory cells and surface erosion. There is
neither significant nuclear pleomorphism nor
loss of polarity present.
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Pseudogoblet Cells

Namrata Setia1 and Gregory Y. Lauwers2
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2Department of Pathology, Massachusetts
General Hospital, Harvard Medical School,
Boston, MA, USA

Overview

Pseudogoblet cells are distended columnar epithe-
lial cells that mimic goblet cells. They are com-
monly detected in columnar-lined esophagus.
These cells are important to recognize, since
they are indicators of intestinal metaplasia in the
esophagus and a diagnostic criterion of the Barrett
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esophagus according to the American College of
Gastroenterology. The recognition of goblet cells
guides the surveillance protocol, although the
clinical validity has been debated, and thus it is
vital to appreciate the histology and histochemical
staining properties of pseudogoblet cells in order
to differentiate them from goblet cells.

Histology of Goblet Cells Versus
Pseudogoblet Cells

Goblet cells are mucin-producing cells normally
present in the intestine (small and large), respira-
tory tract, and conjunctiva. They result from the
accumulation of tightly packed large mucin gran-
ules at the cellular apex and consequently have
a distinctive flask or wine goblet shape. The basal
portion of the cell is narrow, as it lacks mucin
granules. Notably, the nucleus of a goblet cell is
indented or cup-shaped and pushed to the basal
area of the cell. The cytoplasm characteristically
displays a pale blue hue on H&E due to acidic
high molecular weight glycoproteins. In the
Barrett epithelium, goblet cells are randomly dis-
tributed between the surface and crypt foveolar-
type epithelial cells; however, they are more
frequently detected in the proximal segment of BE.

Pseudogoblet cells also display a distended
apex, but the nucleus is not commonly com-
pressed against the base of the cells. Furthermore,
the cytoplasm of these cells is homogenously pink
instead of pale blue on H&E (Fig. 1). Frequently,
pseudogoblet cells are present as rows of cells in
linear stretches amidst surface foveolar cells and,
rarely, in deeper crypts (Figs. 2 and 3).

Histochemical Staining Properties of
Goblet Versus Pseudogoblet Cells

It is important to be aware of the staining charac-
teristics, but in practice, they are not
recommended for identification of goblet cells
and differentiation from pseudogoblet cells,
since they add cost. Pseudogoblet cells either are
negative or display a light blue blush when stained

by Alcian Blue at pH 2.5, which detects acidic
mucin; goblet cells are strongly positive (dark
blue) instead. Furthermore, goblet cells exhibit
brown reactivity when high iron diamine is
applied, detecting sulfomucins while pseudo-
goblet cells are negative.

Pseudogoblet Cells, Fig. 1 Goblet cells (arrows) in the
Barrett esophagus. The cells are seen randomly distributed
between the surface and crypt foveolar-type epithelial
cells. Note that the apex is distended and the nucleus
compressed against the base of the cells. The cytoplasm
is pale blue instead of pink

Pseudogoblet Cells, Fig. 2 Pseudogoblet cells (arrows)
present as rows of cells in linear stretches in surface
foveolar epithelial cells
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Pyloric Gland Adenoma

Helena Baldaia
Serviço de Anatomia Patológica, Centro
Hospitalar de São João, Porto, Portugal

Synonyms

Gastric-type adenoma

Definition

Pyloric gland adenomas (PGAs) are localized epi-
thelial neoplastic growths with pyloric
differentiation (Park et al. 2012). They were first
described in 1976 by Elster but misinterpreted as
adenoma-like hyperplasia of mucous glands. In
1990, Borchard et al. published the first
characterization of two cases with mucin analysis.
Although 85% are found in the stomach, 15% are
found in extra-gastric locations (Vieth et al. 2003).
Like intestinal-type adenomas, pyloric gland ade-
nomas can arise in a background of autoimmune
gastritis and Helicobacter pylori infection (Lash
et al. 2011). Even if rare, PGAs are precancerous
lesions and frequently associated with high-grade
dysplasia and adenocarcinoma (Kushima et al.
2006; Vieth et al. 2003).

Clinical Features

• Incidence
In one study, in a period of 10 years, pyloric
gland adenomas corresponded to 2.7% of all
gastric polyps (Vieth et al. 2003).

• Age
The peak age at diagnosis is in the
seventh decade (73 � 12.8 years) (Kushima
et al. 2006).

• Sex
There is a threefold predominance in women
(Lash et al. 2011). This finding, together with

Pseudogoblet Cells, Fig. 3 Pseudogoblet cells (higher
magnification) display a distended apex, but the nucleus is
not compressed against the base of the cells (arrows), and
the cytoplasm is homogenously pink
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the age range, can probably be explained by the
fact that autoimmune gastritis is also more
commonly found in women of advanced age,
and this is the usual background in which
PGAs are diagnosed (Vieth et al. 2003).

• Site
Gastric PGAs are more commonly encoun-
tered in the corpus/fundic mucosa (64%)
(Vieth et al. 2003). Pyloric gland adenomas
have also been described in the gallbladder,
duodenum, pancreas, bile duct, and even in
the uterine cervix (Lash et al. 2011) (Vieth
et al. 2003). In these locations, there is fre-
quently associated gastric heterotopia and it is
presumed that the lesion is originated from the
heterotopic tissue. More recently, there have
been reports of PGAs arising in the esophagus
and in gastric heterotopia of the rectum
(Kushima et al. 2006).

• Treatment
Although further studies are necessary, exci-
sion therapy is guided by the presence or
absence of associated malignancy. In the pres-
ence of PGA, careful searching for malignancy
in the surrounding non-affected mucosa is
prudent (Park et al. 2012). At the present,
polipectomy and complete surgical excision
by endoscopic submucosal resection or

gastrectomy (if adenocarcinoma is present) is
curative (Park et al. 2012).

• Outcome
At the present, limited follow-up data are avail-
able. The outcome is associated with
the presence of malignancy. In two case series,
30–47% of pyloric gland adenomas were asso-
ciated with gastric-type adenocarcinoma
(Vieth et al. 2003; Vieth et al. 2010). In one
study, a slightly higher frequency of malignant
transformation was observed in the extra-
gastric lesions (Vieth et al. 2010). These were
well-differentiated lesions confined to the
mucosa. Follow-up data on three patients
with deeply invasive adenocarcinomas arising
in PGAs found a 10-year survival with local
recurrence in one patient and that the other two
patients were alive and well 2 and 10 months
since surgery (Chen et al. 2009).

Macroscopy

Endoscopically, these lesions usually appear as
nodular, dome-like protrusions of the mucosa
(Fig. 1) (Kushima et al. 2006). The mean size at
diagnosis is approximately 16 mm (16 � 9 mm)
(Vieth et al. 2003; Park et al. 2012).

Pyloric Gland Adenoma, Fig. 1 Pyloric gland adenoma, histologic aspect with of closely packed pyloric gland tubules
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Microscopy

Histologically, pyloric gland adenomas are
composed of closely packed pyloric gland
tubules composed by a monolayer of cuboidal
to low columnar epithelial cells containing
pale to eosinophilic cytoplasm, with a ground
glass appearance (Chen et al. 2009) (Fig. 1).
In contrast with gastric foveolar adenomas,
these lesions do not show an apical mucin
cap (Lash et al. 2011). The nuclei are usually
round without prominent nucleoli (Chen et al.
2009).

In low-grade dysplastic lesions, the nuclei
remain round with only slight enlargement or
elongation. Tubule architecture is somewhat
irregular. In high-grade dysplastic lesions,
however, there is nuclear pseudostratification
and pleomorphism, with complex, cribriform
structures. In view of the continuum and variabil-
ity of these lesions, some authors have
used a three-tier classification of dysplasia
(none; low grade; high grade) (Lash et al. 2011;
Chen et al. 2009). Nonetheless, even lesions
named “without dysplasia” are still neoplastic
(Park et al. 2012).

The unaffected gastric mucosa usually shows
atrophic autoimmune gastritis and intestinal
metaplasia. In one study, autoimmune gastritis
was found in 34% of cases, while H. pylori
gastritis was found in 30% of gastric
samples studied. Chemical gastritis was found in

20%. Only 3.8% of cases had a normal mucosa
(Vieth et al. 2003).

Immunophenotype

Pyloric gland adenomas express MUC6 univer-
sally and MUC5AC variably (Fig. 2). Some
studies have shown a multifocal variable expres-
sion of MUC2 and CD10 (large bowel and small
bowel type mucins, respectively) in these lesions
(Fig. 3). For those authors, these findings
indicate that a relatively large proportion of early
gastric carcinomas arise as adenocarcinomas
of the gastric type and secondarily convert into
gastric carcinomas of the intestinal type (Vieth
et al. 2010).

Pyloric Gland Adenoma, Fig. 2 Immunoreactivity with MUC6 and MUC5AC (left and right, respectively)

Pyloric Gland Adenoma, Fig. 3 Absence of MUC2
expression
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Molecular Features

The molecular features of pyloric gland adenomas
are yet to be well characterized. A study using
microdissection and CGH analysis found some
chromosomal abnormalities common to invasive
gastric adenocarcinoma such as gains of 17pq and
20q (Kushima et al. 2006). At present, no study
revealed significant molecular differences
between intestinal-type gastric adenomas and
pyloric gland adenomas (Park et al. 2012).

Differential Diagnosis

The main differential diagnosis is with gastric
foveolar type adenoma and reactive epithelial
changes. The round, bland-appearing and basally
located nuclei of pyloric adenomas, the absence of
a mucin cap and immunolabeling with MUC6
may permit a differential diagnosis (Chen et al.
2009).

Furthermore, although PGA arise in the setting
of gastritis, the fact that they appear as polyps and
the tightly packed pyloric glands without nucleoli
prominence allow a differential diagnosis with
reactive alterations.
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Pyloric Stenosis
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1Centro Hospitalar de São João, Alameda
Professor Hernani Monteiro, Porto, Portugal
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Synonyms

Congenital hypertrophic pyloric stenosis;
Idiopathic pyloric stenosis; Juvenile hypertrophic
pyloric stenosis; Primary pyloric stenosis

Definition

Infantile hypertrophic pyloric stenosis (IHPS) is
a form of gastric outlet obstruction, usually pre-
senting with projectile nonbilious vomiting in
infants in the first 3–12 weeks of life. It is caused
by an acquired stenosis of the pylorus, not present
at birth, but developing in the first weeks of life.

On the contrary, adult pyloric obstruction is usu-
ally secondary to local diseases such as peptic ulcers
or carcinomas near the pylorus, lymphomas,
Crohn’s disease, or adjacent carcinoma of the pan-
creas. There are few reports of primary adult forms
with unknown etiology, which are probably missed
infantile cases that had a milder course. In these
cases, the treatment of choice has been distal gas-
trectomy and the diagnosis usually relies on the
pathological examination of surgical specimens
showing total or segmental hypertrophy of the
smooth muscle without any underlying disease.
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IHPS etiology and pathogenesis is largely
unknown but is probably multifactorial involving
interaction of genetic and environmental factors.
Predisposition is conferred by several suscep-
tible interacting loci and complex molecular
pathways.

Abnormalities of various components of the
pyloric muscle such as smooth muscle cells,
extracellular matrix elements, nerve and
ganglion cells, synapses, nerve supporting cells,
neurotransmitters and interstitial cells of Cajal
have been reported.

Familial aggregation with autosomal dominant
forms is recognized, and is associated with two
loci, IHPS2 and IHPS5.

NOS1 (IHPS1) encodes neuronal nitric oxide
synthase and is implicated in the lack of nitric
oxide, affecting pyloric smooth muscle relaxation.
In fact, abnormal pyloric innervation has been
reported in IHPS and is associated with decreased
muscle neurofilaments, nerve terminals, synaptic
vesicle protein, and neural cell adhesion molecules.

IHPS is associated with several genetic syn-
dromes involving neuromuscular, connective
tissue, and metabolic disorders, such as Smith-
Lemli-Opitz syndrome and Cornelia de Lange.
Suspected environmental factors include
postnatal exposure to macrolides, bottle-feeding,
and prone sleeping position.

Clinical Features

• Incidence
Wide variations have been observed with geo-
graphic location, season, and ethnic origin.
IPHS incidence has been stable over time and
varies from 1 to 8 in 1,000 live births according
to ethnic groups and regions. It is highest in
white males and lowest among Asians.

• Age
Almost all patients are diagnosed between 3 and
12 weeks of age. Symptoms usually begin
between 3 and 5 weeks of age and rarely after
12 weeks.

• Sex
It is more common in males than females, with
a male/female ratio of 4:1 to 6:1.

• Site
IHPS produces gastric outlet obstruction due to
involvement of the pylorus/pyloric channel.

• Treatment
Pyloromyotomy, either open or laparoscopic,
is the treatment of choice and involves longi-
tudinal incision of the hypertrophic pylorus
with muscular layer disruption. Surgery should
be performed after correction of dehydration
and electrolyte disturbances that are common
in these patients.

The laparoscopic procedure is associated
with lower incidence of postoperative emesis
and shorter hospital stay.

The use of oral and intravenous atropine has
been described in several reports from Asian
countries as effective and safe but should be
reserved for patients with contraindication for
surgery. In these patients, endoscopic balloon
dilation has been described.

• Outcome
IHPS was associated with high mortality rates
in the past, but the advances in pediatric anes-
thesia and surgical care result, nowadays, in
a very low rate of complications with minimal
mortality and morbidity.

Macroscopy

The resected specimens from adults with
idiopathic hypertrophic stenosis show thickening
of the muscularis layer in the pylorus.

Microscopy

Full thickness pyloric muscle biopsy specimens
show that hypertrophy and hyperplasia of the
muscularis propria and muscularis mucosae are
responsible for the increased smooth muscle
mass, resulting in pyloric stenosis in IHPS
patients. Increase in extracellular matrix compo-
nents is also frequently reported. Various degrees
of inflammatory infiltrate and degenerative
changes in the ganglion cells of the myenteric
plexus are also described in histological
specimens.
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Interstitial cells of Cajal (ICC) play a major role
on motility coordination and are found on the mus-
cular layer of the gastrointestinal (GI) tract. Spec-
imens from IHPS patients show, under electron
microscopy, a smaller number of ICC both in the
myenteric plexus and in the circular muscle layer
compared with biopsies from normal individuals.

Immunophenotype

Immunohistochemistry is being used by some
investigators to study the etiopathogenesis of
IHPS. Some authors (Okazaki et al. 1994) found
abnormal nerve terminals and neurofilaments
numbers and distribution in IHPS specimens
using monoclonal antibodies 171B5 and 2F11
compared with normal controls. Other reports
(Guarino et al. 2000; Gentile et al. 1998) show
that extracellular matrix and cytoskeletal elements
(e.g., desmin, vinculin) of pyloric smooth muscle
cells are altered in IHPS.

Molecular Features

Molecular studies have concluded that there is a
reduced expression of neuronal nitric oxide syn-
thase (nNOS) in the pylorus of patients with IHPS.
Also, growth factors such as EGF, IGF-I, PDGF,
and TGF-Β-1 were shown to be markedly
increased in hypertrophic pyloric muscle in IHPS.

Differential Diagnosis

The typical presentation of IHPS is the develop-
ment of forceful or projectile nonbilious, non-
bloody vomiting immediately after every feeding
in an infant in the second to third week of life,
which usually shows a voracious appetite.

Depending on the duration of symptoms, dehy-
dration and electrolyte disturbances may ensue.
The loss of acid content, sodium, and potassium
from continuous vomiting, usually results in hypo-
kalemic, hypochloremic metabolic alkalosis.

Gastroesophageal reflux disease and food
allergy are the most frequent conditions usually

considered in the differential diagnosis of IHPS.
In premature infants and babies with concomitant
medical problems such as neurological deficits or
cleft palate, vomiting may be less vigorous and
lethargy may ensue.

On examination of the abdomen, there may be
visible peristalsis and a firm, ovoid (“olive shape”)
palpable mass in the right upper quadrant,
corresponding to exaggerated gastric peristalsis
and hypertrophied pylorus, respectively. The
“olive” is most easily felt immediately after emesis.

Ultrasonography is, nowadays, the standard
diagnostic procedure. It is highly sensitive but oper-
ator-dependent. Pyloric muscle thickening and
pyloric muscle length are the most frequently used
parameters to define IHPS. The pyloric volume and
ratio are rarely used. The finding of a pyloric muscle
with a thickness of 3 mm or more and 15 mm or
more of extension is diagnostic of IHPS.

Gastrointestinal contrast studies are less fre-
quently used because they are time consuming
and involve radiation exposure. The “string” sign
that corresponds to the elongated pylorus is the
most frequent sign of bariummeal studies in IHPS.

When ultrasonography and barium studies fail
to show the typical features of IHPS and diagnosis
is in doubt, upper endoscopy should be performed
and may be helpful in confirming the diagnosis.
The “cervix sign” consisting of a cervix-like look
in the pyloric area is a frequent but nonspecific
endoscopic feature of IHPS. Additionally, upper
endoscopy may be useful in excluding conditions
like esophagitis, gastritis, or pyloric web, which
may be the cause of persistent infantile vomiting.

In the case of the adult forms of primary hyper-
trophic pyloric stenosis, symptoms include nau-
sea, vomiting, early saciety and epigastric pain.
Physical examination may not be helpful because
the hypertrophic pylorus is not generally palpated.
Upper endoscopy is mandatory to exclude sec-
ondary causes of gastric outlet obstruction.
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Synonyms

Radiation-associated colitis; Radiation proctitis

Definition

Radiation colitis results from exposure to ionizing
radiation in the treatment of malignancies where
the colon is localized in the path of the radiation
beam. Tissues containing numerous actively
dividing cells such as intestinal epithelial cells
are more at risk for the development of radia-
tion-induced injury. An acute and chronic type
of radiation colitis is described. The acute changes
develop very early within hours to several days
after exposure. In this phase, the radiosensitive
actively dividing cells of the intestinal epithelium
are affected, and histologic changes are mainly
observed in the mucosa. This acute syndrome,
characterized by nausea, vomiting, and diarrhea,
is usually transient and does not require further
diagnostic or therapeutic action.Chronic radiation
colitis develops after a symptom-free interval of
6 months to 30 years after radiation. The

pathogenesis of this type of injury is based on
(1) impaired vascular function due to radiation
injury of blood vessels and (2) late effects of
ionizing radiation by damage to slow proliferating
parenchymal and connective tissue cells. The
characteristic histologic features are mostly
found in the submucosa in this phase. Vascular
changes and fibrosis will give rise to stenoses,
obstruction, or perforation.

Clinical Features

• Incidence
Acute radiation colitis is very common causing
transient diarrhea, cramps, and tenesmus.
Mostly these symptoms disappear shortly
after discontinuation of radiotherapy, and the
lesions are usually not documented by biopsy
and histologic examination. The incidence of
chronic radiation-induced injury to the rectum
is approximately 10% after doses above 60 Gy
and increases to 50% as doses reach 80 Gy,
leading to complications such as ulcerations,
stenoses, and rectovaginal fistulae. Incidence
rates of intestinal toxicity are lower using
new radiotherapeutic modalities like inten-
sity-modulated radiotherapy (IMRT). Reduc-
tion in radiation dose and field size are the
most important factors in the prevention of
acute and chronic radiation-induced intestinal
damage.
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Predisposing factors in the development of
radiation colitis include coexisting vascular
changes secondary to diabetes or hypertension,
previous abdominal surgery, and treatment
with chemotherapy.

The relationship between the presence and
severity of acute radiation colitis and the inci-
dence of chronic radiation colitis is not well
understood.

• Site
The sigmoid and rectum are segments of the
gut that are frequently damaged by radiation as
they are anatomically in close proximity to
commonly radiated organs like uterus and
prostate. Moreover, the relative immobility of
this part of the bowel implicates that it is con-
stantly localized in the path of the radiation
beam.

• Treatment and Outcome
The finding of acute radiation colitis in biop-
sies should not lead to further diagnostic or
therapeutic procedures. A study comparing
histopathologic findings in resection speci-
mens of rectal cancer after radiation therapy
showed significantly less mucosal inflamma-
tion in patients that underwent surgery
3–4 weeks after the end of the irradiation ver-
sus patients with a 2–5-day interval between
radiation therapy and surgery, indicating reso-
lution of histologic changes in this period.
Therefore, conservative treatment is preferred
for radiation-induced colitis. When severe
adverse effects such as perforation or obstruc-
tion occur, surgical intervention may be
needed. In these cases, however, vascular
insufficiency, which is considered to be an
important factor in the pathogenesis of radia-
tion-induced injury, can also contribute to post-
operative complications.

Macroscopy

Acute radiation colitis will present with
erosions, ulcerations, edema, or bleeding of the
mucosa.

Chronic radiation colitis is macroscopically
characterized by the presence of fibrosis
with adhesions or areas of stenosis. The mucosa
may appear pale and telangiectatic with
focal ulcerations. Perforation or fistulization can
occur.

Microscopy

Acute radiation colitis mainly affects the mucosa,
featuring inflammatory changes and epithelial
atypia. The lamina propria shows an increase in
cellularity with often prominent infiltration of
eosinophils. Eosinophilic crypt abscesses may be
present. The surface epithelium is commonly
damaged with reactive cytological atypia of sur-
viving cells. Loss of nuclear polarity and hyper-
chromatic and enlarged nuclei can be observed,
mimicking dysplasia in cases of marked nuclear
abnormalities. The submucosa typically shows
edema with a few eosinophils and other leuko-
cytes in the stroma.

In chronic radiation colitis, the mucosa may
appear normal, may be ulcerated, or may show
atrophy, mucosal fibrosis or inflammation, crypt
branching, loss of goblet cells, cuboidal or flat-
tened surface epithelium, or mild atypia of cells
with nuclear enlargement and loss of polarity.
The most apparent alterations are seen in the
mesenchymal tissue in the submucosa. Stromal
fibroblasts are often prominent, probably more
because of increase in size than increase in
number. The atypical fibroblasts have multiple
cytoplasmic projections and large hyper-
chromatic and irregular nuclei (Fig. 1). The
cells increase in size, but their nuclear-
cytoplasmic ratio remains within the normal
range. Collagen proliferation results in fibrosis
of the submucosa, causing strictures
when extensive. Radiation injury to blood ves-
sels manifests as several types of lesions. Cap-
illaries often show telangiectatic dilations
(Fig. 2). Hyalinization of the media by replace-
ment with an acidophilic amorphous material is
often found in arteries and arterioles (Fig. 3).
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Myointimal proliferation or accumulation of
foamy cells in the intima can narrow the
lumen (Fig. 4). Endothelial cells may be prom-
inent and protrude into the lumen. Also the
muscular layer may display fibrosis and vascu-
lar changes. Case reports in literature illustrate
the appearance of colitis cystica profunda in
radiation-induced colonic strictures. This condi-
tion is characterized by “invasion” of mucosal
glands or glandular cysts in the submucosa and
muscularis propria. In radiation colitis, these
lesions are assumed to result from healing of
deeply fissured ulcers, where failure of the
muscularis mucosae to regenerate allows
regenerating epithelium to herniate into the sub-
mucosal and muscular layer. This particular
finding should be differentiated from invasive
mucinous adenocarcinoma.

Differential Diagnosis

With correct clinical information including
a reference to recent radiotherapy, the diagnosis
of acute radiation colitis is usually not
problematic. However, without a complete clini-
cal history, a broad differential diagnosis may
be considered: infectious colitis, ▶ ischemic
colitis, ▶ drug-induced intestinal injury, or

Radiation Colitis, Fig. 1 Atypical “radiation” fibroblasts
(arrowheads) in the submucosa

Radiation Colitis, Fig. 2 Radiation-induced vascular
changes: telangiectatic blood vessels in the mucosa

Radiation Colitis, Fig. 3 Radiation-induced vascular changes: hyalinization of the arteriolar wall
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▶ inflammatory bowel disease. Reactive cytolog-
ical atypia in epithelial cells should be differenti-
ated from true dysplasia.

Stenoses in chronic radiation colitis should be
differentiated from other causes of strictures such
as ▶Crohn’s disease, ▶ nonsteroidal anti-
inflammatory drug injury, or potassium chloride.
The characteristic vasculopathy and the presence
of atypical fibroblasts suggest the radiation-
induced etiology even in cases with unknown
clinical history.
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Definition

Radiation therapy injury represents the sum of
injuries to the gastric mucosa caused by ionizing
radiation. This type of iatrogenic injury is associ-
ated with either external beam therapy or brachy-
therapy utilized as part of the treatment of various
cancers (e.g., esophagus, lung, liver) or as part of
induction therapy of future bone marrow trans-
plant (BMT) recipients.

No definite minimal dosage is associated with
a diagnosis of radiation injury, but symptoms start
to occur at doses in the range of 40–50 Gy. Major
complications tend to develop with increasing
dosage. Gastric ulcers occur in approximately
15% of patients who received a cumulative dose
of 50 Gy and gastric perforation in 6% of patients
who accumulated 40–50 Gy, 10% of those irradi-
ated to 50–60 Gy, and 38% of a small cohort of
patients irradiated to over 60 Gy.

Clinical Features

The patients usually complain of nausea shortly
after the delivery of the radiation. The symptoms
are generally transient and will often last for a few
hours, to abate rapidly after completion of the
radiation course. Other symptoms include dyspep-
sia, which can present 6 months to 4 years after
irradiation. Gastritis can be detected 1–12 months
after completion of the therapy and can be accom-
panied by spasm or stenosis of the antrum; gastros-
copy usually reveals smoothed mucosal folds and
mucosal atrophy. If acute ulceration occurs, it usu-
ally develops shortly after the completion of the

Radiation Colitis, Fig. 4 Radiation-induced vascular
changes: accumulation of foamy macrophages in the
vascular wall
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course of radiation; it rarely perforates. Late ulcer-
ation typically presents 5 months after irradiation
and is indistinguishable from an ordinary ulcer. It
can heal spontaneously, but may be accompanied
by submucosal fibrosis. Hemorrhage has been seen
primarily in situations where there is neoplastic
gastric involvement or as a secondary effect of
gastric ulcer. In rare cases of irradiation of primary
gastric neoplasms, primarily gastric lymphoma,
catastrophic complications such as perforation
and hemorrhage have been observed.

Incidence

A month after completion of the radiotherapeutic
course, about 53% of patients display endoscopic
evidence of radiation-induced complications.
Gastritis is the most common alteration, found in
41% of patients, followed by radiation-induced
ulcer, seen in 26% of patients. Bleeding is less
common (11% of patients). Serious gastroduode-
nal complications occurred in about 15% of
patients and are more common in debilitated indi-
viduals (e.g., cirrhotic patients).

Treatment

Generally, the acute symptomology subsides
quickly. Decreasing the radiation dose per fraction
can be effective in ameliorating nausea and
vomiting. Standard antiemetics also can be useful.
A light meal prior to radiation therapy, rather than
treatment on either a full or an empty stomach, can
be helpful as well. Various antiulcer medications
are commonly prescribed (proton pump inhibi-
tors, histamine H2 receptor antagonists such as
ranitidine, or coating agents such as sucralfate).
Surgery is usually necessary for severe complica-
tions such as perforation, severe hemorrhage, and
gastric outlet obstruction.

Outcome

While acute changes are self-limited or require
only supportive care, changes often remain lifelong
problems. Between 1% and 12% of patients may

develop chronic severe complications including
radionecrotic ulceration with stenosis, obstruction,
internal fistula, perforation, and hemorrhage.

Macroscopy

The gastric mucosa is diffusely erythematous and
friable. Contact bleeding and erosions are frequent.
Ultimately, ulceration, stricture, fistula formation,
and even perforationmay be seen at different stages.

Microscopy

Early changes (8–10 days after irradiation) consist
of nuclear karyorrhexis and cytoplasmic eosino-
philia of the gastric pit epithelium (Fig. 1). Over

Radiation Therapy Injury, Upper Gastrointestinal
Tract, Fig. 1 Gastric mucosal changes within a week of
radiation therapy injury. The mucosa is edematous and the
surface epithelium eroded. Inflammation is minimal and
mucin depletion of the epithelium is present
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the next few days, mucosal edema and congestion
ensue and are accompanied by swelling of sub-
mucosal collagen bundles, fibrin deposition, and
telangiectasia. Inflammation is usually minimal.
Glandular necrosis with characteristic radiation-
induced nuclear atypia follows. Vessel walls are
swollen. In cases of selective internal radiation,
eosinophilic microspheres of yttrium-90 may be
detected in the microscopic sections. Over time,
late radiation effects may ensue, including endo-
thelial proliferation and fibrinoid necrosis of the
vessel walls. Healing usually begins during the
third week and is complete within 2–3 months.
When the mucosa is restored, architectural disar-
ray and fibrosis of the lamina propria are com-
monly recognized (Fig. 2). Chronic ulceration
also may eventually develop, characterized by
atypical fibroblasts and endothelial cells. The
fibrous bed may be exuberant, with hyalinized
changes including the vessel walls.

Differential Diagnosis

Drug-induced mucosal changes, particularly
those associated with chemotherapy and graft ver-
sus host disease, share similar histologic features
with radiation gastritis. To determine the respec-
tive roles of radiation and of chemotherapy agents
may be difficult, given the overlap.
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Definition

Radiation therapy for thoracic malignancies is often
complicated by radiation-induced esophagitis.

Radiation Therapy Injury, Upper Gastrointestinal
Tract, Fig. 2 Healed radiation gastritis. The mucosa is
characterized by its architectural disarray and paucicellular
lamina propria. The surface epithelium is restored. Fibrosis
is not present in this case
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Radiation esophagitis corresponds to esopha-
geal damage secondary to radiation or
chemotherapy.

Gastrointestinal toxicity occurring after radia-
tion therapy can occur early on, after the treatment
being acute, or later, months, or even years after
radiotherapy.

Acute radiation esophagitis is primarily due to
effects on the basal epithelial layer. This causes
a thinning of the mucosa, which can progress to
denudation.

Incidence and Location

It is not infrequent as a result of the high incidence
of pulmonary and mediastinal neoplasms.
A radiation dose of 5,000 cGy or more to the
mediastinum may cause severe injury to the
esophagus. Acute radiation-induced esophagitis
usually occurs 2–4 weeks after the initiation of
radiation therapy. The technique used for
radiotherapy administration, the radiation dose to
the esophagus, and the use of concurrent
chemotherapy all influence the likelihood of
esophageal complications.

It affects both sexes and occurs mainly in
adults and the elderly.

Clinical Features

The manifestations of radiation esophagitis are
characterized by dysphagia, odynophagia, or
symptoms suggestive of dysmotility. Hematemesis
and melena may occur.

Dysphagia occurring during radiotherapy is
probably secondary to epithelial damage and
disordered motility. The occurrence of esophagitis
depends on the dose intensity of radiation. Most
cases of acute radiation esophagitis are self-
limited, but some patients may have progressive
dysphagia due to the development of radiation
strictures 4–8 months after completion of radiation
therapy.

In those cases, dysphagia can be secondary to
stricture or altered motility caused by fibrosis/
muscular damage or nerve injury. Chronic

ulceration appears to be related to the total dose
of radiation. In rare cases, there can be fistula
formation.

Patients receiving radiation therapy are also at
risk for infectious esophagitis, which can be indis-
tinguishable clinically from radiation-induced
esophagitis.

Because the clinical presentation of radiation
and infectious esophagitis is very similar, the cor-
rect diagnosis is important since treatment
approaches are different.

Pathologic Features

Gross Findings
The mucosa typically has a granular appearance
because of edema and inflammation of the irradi-
ated segment; in acute cases, esophagitis presents
on endoscopy with a friable mucosa with edema
and mucositis (lesions appear ulcerative, hyper-
plastic, or both). Acute confluent ulcers may also
be seen.

In chronic cases, there may be strictures up to
13–21 months after therapy (characteristic).

Microscopic Findings

Histologic examination reveals significant cellu-
lar atypia in epithelium and stromal cells. All
these changes result from ischemia due to vascu-
lar lesions. Cytological findings include: bizarre
cytomegaly of epithelial and stromal cells, large
pale nuclei, and abundant vacuolated cytoplasm.
It is possible to see multinucleated cells. In more
chronic cases, there is usually the presence of
acanthosis, parakeratosis, hyalinized blood ves-
sels, submucosal fibrosis, and muscular degener-
ation (Fig. 1).

So the most common microscopic findings
include:

• Bizarre cytomegaly in epithelial and stromal
cells

• Large pale nuclei and abundant vacuolated
cytoplasm

• Multinucleation

Radiation-Induced Esophagitis 615

R



• Parakeratosis, acanthosis, and blood vessel
hyalinization in chronic cases

Differential Diagnosis

It is important to differentiate radiation esophagi-
tis from malignancy and viral esophagitis. Malig-
nant epithelial cells as well as chemotherapy may
mimic radiation-induced changes on esophageal
mucosae.

Radiation-induced damage is characterized by
uniform enlargement of the cells (cytomegaly),
large pale nuclei, and abundant vacuolated cyto-
plasm. In chronic cases, acanthosis, parakeratosis,
hyalinized blood vessels, submucosal fibrosis,
and muscular degeneration can occur.

In contrast, in malignancy, there is usually
an increased nuclear/cytoplasmic ratio with
hyperchromatic nuclei and condensed chromatin.
Mitotic activity is usually present. Multi-
nucleation can also be present in certain viral
infections like herpes virus, but in those cases
the chromatin is normal. In some cases
immunostains for herpes virus may be needed to
differentiate the two.

So in the differential diagnosis, we must
consider:

• Neoplasia and viral infections
– Neoplasia has a high nucleus/cytoplasmic

ratio, mitosis, and hyperchromatism.

– Sometimes neoplasia and radiation coexist
in the same patient – immunostains are
recommended.

– Multinucleation may be confused with HSV
infection.

– Immunoperoxidase stains for HSV and
CMVare recommended in difficult cases.

Prognosis and Therapy

Prognosis is dependent on the doses of radiation.
If less than 6,000 rads, the damage can be revers-
ible. In cases of significant stricture, esophageal
dilation may be indicated.

Treatment will be different for acute or later
esophagitis.

Acute Esophagitis Treatment

The management of acute esophagitis is
symptomatic. In some cases, interruption of radio-
therapy treatment may be necessary, although this
measure should be avoided since it can compro-
mise the treatment of the primary illness.

Treatment for acute esophagitis includes:

1. Topical anesthetics, analgesics (anti-
inflammatory agents, narcotics), antacid ther-
apy (proton-pump inhibitors, H2 receptor
blockers), and promotility agents.

2. Dietary modification (bland, pureed, or soft
foods, soups), to help a patient maintain ade-
quate caloric and liquid intake. Eating more
frequent, smaller meals and avoiding foods
that are very hot or very cold may also be
useful. Avoidance of smoking, alcohol, coffee,
spicy or acidic foods or liquids, chips, crackers,
and fatty and indigestible foods can be helpful.

3. Treatment of any superimposed Candida
infection.

In the case of esophageal strictures, manage-
ment may need endoscopic dilation that may
result in symptomatic relief. A possible complica-
tion of esophageal dilation is the esophageal

Radiation-Induced Esophagitis, Fig. 1 Ectatic and
hyalinized blood vessels in a chronic radiation esophagitis
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rupture. Surgical intervention may be required for
patients developing esophageal fistula.
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Synonyms

Distal part of the large intestine; The pelvic part of
the alimentary tract

Anatomy (Macroscopy)

Begins at the rectosigmoid junction- at the level of
third sacral vertebra and ends at the anorectal
junction- 2–3 cm in front of and a little below
the coccyx. The median sacral vessels and the
roots of the sacral nerve plexus lie posterior to
the rectum. Anteriorly; in women, the rectum is
closely related to the uterine cervix and posterior
vaginal wall, in men, it lies behind the bladder, vas
deferens, seminal vesicles, and prostate. The non-
mobilized rectum has three lateral curves: the
upper and the lower are convex to the right and
the middle is convex to the left. These curves
correspond intraluminally to the folds or valves
of Houston (Fig. 1). The middle valve is the most

consistent in presence and location (also known as
Kohlrausch’s plica) and corresponds to the level
of the anterior peritoneal reflection. The rectum is
characterized by the absence of taeniae, epiploic
appendices, haustra, or a well-defined mesentery.
Superior 1/3rd of rectum is covered by perito-
neum on the anterior and lateral surfaces. Middle
1/3rd is covered by peritoneum on the anterior
surface, but inferior 1/3rd is subperitoneal- devoid
of peritoneum (Fig. 2).

Arterial supply is from superior, middle and
inferior rectal artery and median sacral artery.
The venous drainage of the rectum basically fol-
lows its arterial supply. The submucosal venous
plexus above the pectinate line drains into the
superior rectal veins (portal system). The submu-
cosal plexus below the pectinate line drains into

Rectum, Fig. 1 The gross picture from the mucosal
aspect of rectum. There are three transverse folds (superior,
middle and inferior folds)

Rectum, Fig. 2 Macroscopic feature of the inferior, non-
peritonealized part of the rectum
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the inferior rectal veins. The unions of the superior
with the middle and inferior rectal veins are
important portal-systemic anastomoses. Lymph
from the upper two thirds of the rectum drains
exclusively upward to the inferior mesenteric
nodes and then to the paraaortic nodes. Lymphatic
drainage from the lower third of the rectum
occurs, not only cephalad along the superior hem-
orrhoidal and inferior mesentery arteries but also
laterally, along the middle hemorrhoidal vessels to
the internal iliac nodes. The sympathetic supply
arises from L1, L2, and L3. The parasympathetic
supply derives from S2, S3, and S4.

Function

The key role of rectal ampulla is to act as
a temporary storehouse for feces.

Size, Weight

The rectum is believed to be 12–15 cm in length.
Its diameter is approximately 4 cm in the upper
part. However; it becomes larger near the anus,
where it forms the rectal ampulla.

Microscopy (Histology)

The discontinuous tinea coli converge, unite, and
again constitute a complete outer longitudinal
smooth muscle layer of the muscularis propria.
Where the rectum exits the peritoneal cavity to
enter the anal canal, it is completely invested by
both inner and outer smooth muscle coats of the
muscularis propria, and acquires an adventitia
rather than a serosal covering.

Mucosa, submucosa and muscularis propria is
overlying the perimuscular tissue in rectum.

Mucosa:
The mucosa is composed of epitehelium,

lamina propria and muscularis mucosa. There
are subtle differences in the normal histology
of the distal rectal mucosa. Compared with
non-rectal colonic mucosa, distal rectal

mucosa exhibits crypts that are not as closely
spaced and are slightly shorter. Unlike the rest
of the colon, the crypts do not extend directly
down to the muscularis mucosae. The crypts
may be slightly dilated or tortuous, and some-
what less numerous (Fig. 3). The surface epi-
theliummay be slightly cuboidal rather than tall
columnar. The rectal mucosa has a higher ratio
of goblet cells to absorbtive cells, with a less
dense lamina propria and more easily identified
muciphages. Paneth’s cells are not normally
seen within the rectum. The rectum contains
the same endocrine cell types as the colon,
namely serotonin, peptide YY (PYY), pancre-
atic polypeptide (PP),oxyntomodulin, and
somatostatin-cells, predominantly located in
the crypts,and rarely scattered within the lamina
propria. The lamina propria of the large intestine
contains solitary lymphoid follicules extending
into the submucosa, and these follicules are
more developed in the rectum and decrease in
numberwith age. It is important to recognize the
simplified and somewhat distorted mucosal
architecture of the distal rectal columnar
mucosa as normal, and not indicative of true
“architectural distortion” characteristic of
chronic inflammatory bowel disease. The
muscularis mucosa is a thin layer of muscle,
located outside the lamina propria mucosae
and separating it from the submucosa.

Rectum, Fig. 3 Normal histology of the rectum, showing
mild crypt distortion (H&E; x100)
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Submucosa:
In the submucosa, there is loose connective

tissue with submucosal plexus of Meissner-
composed of nonmyelinated, postganglionic
sympathetic fibers, and parasympathetic gan-
glion cells-, and minimal inflammatory cells.

Muscularis propria:
The muscularis propria is composed of

inner circular layer, myenteric plexus of Auer-
bach, and outer longitudinal layer.

Immunohistochemistry

Like the other parts of the colon, the epithelium is
characterized by a CK7 negative and CK20 posi-
tive immunophenotype. There is also nuclear
CDX2 positivity in the epithelium.
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Synonyms

Typhoid fever

Definition

Salmonella is a gram-negative bacteria which
invades the epithelium of the ileum and colon and
is divided into two forms of disease affecting the
gastrointestinal tract: typhoid and non-typhoid spe-
cies. Salmonella typhi is the most common cause
agent of typhoid fever; S. paratyphi can cause
similar clinical symptoms. Non-typhoid species
including S. enteritidis, S. typhimurium, S. javania,
S muenchen, S. anatum, S. Newport, S.
oranienburg are generally associated with
self-limited gastroenteritis or enterocolitis. The
infective dose is relatively low; approximately
102–103 organisms may cause human disease.

Salmonella infection is a global health prob-
lem. It is transmitted through contaminated food
and water and is prevalent in the developing coun-
tries. Salmonella infection is also an important
cause of sporadic food poisoning in developed
countries and traveler’s diarrhea. It has been

steadily increasing steadily during the past
decade. More than 95% of Salmonella infections
are food-borne causing sporadic food poisoning.
Salmonella can be present in eggs and egg prod-
ucts, fish, dry cereal, ice cream, fresh sprouts,
juice, vegetables, or fruits. Poultry represents the
main source of non-typhoidal Salmonella strains.
They may survive partial cooking, freezing, and
drying. Infection can be acquired from animals.

Salmonella typhi originates from a human
reservoir and is transmitted by secondary fecal
contamination of food and water.

The pathogenic mechanism is an invasion. Sal-
monella are intracellular parasites that enter the
host by penetrating intestinal epithelial barriers.
They adhere to different epithelial cells including
M cells as well as enterocytes. The invasive pro-
cess begins when the Salmonella in proximity of
the microvilli cause degeneration of the microvilli
and apical site of the intestinal epithelial cells.
Salmonella sp. invade epithelial cells by inducing
extensive cytoskeletal rearrangements and
destroy these cells, causing a defect in the epithe-
lial layer, and eventual ulcerations and deeper
infection. Replication also occurs in macrophages
of the lymphoid follicles, leading to bacteremia.

Salmonella produce different clinical
syndromes such as gastroenteritis, enterocolitis,
typhoid fever, and localized infections in joints
or bones. Some patients can be asymptomatic
carriers.

The incubation period is generally 1 week,
followed by a 2–3 weeks of illness.
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Patients with typhoid fever present with fever
that rises over several days, abdominal pain and
headache. Abdominal rash, delirium, and
hepatosplenomegaly are also common. Typhoidal
disease is not truly an intestinal disease but is
characterized by a systemic involvement. The diar-
rhea which begins in the second or third week
of infection is initially watery but may progress
to complications including massive intestinal
hemorrhage and perforation often in the terminal
ileum.

Non-typhoid species usually cause a less
severe illness corresponding to a self-limited
disease that develops 8–48 h after ingestion of
contaminated food and usually resolves over
2–12 days. Symptoms of Salmonella gastroenter-
itis vary widely. Symptoms include nausea,
abdominal cramps, vomiting followed by watery
or bloody diarrhea and fever.

Rarely, Salmonella cause severe bloody
diarrhea or toxic megacolon. Infections are
particularly virulent in individuals with HIV and
may be complicated by perforation.

Cultures from stool or eventually blood
(if bacteremia) are the mainstay for Salmonella
diagnosis.

Clinical Features

• Incidence
The incidence is estimated as 20 cases per
100,000 population in the USA.

• Age
The peak of incidence occurs in extremes of
age (infancy <1 year old and elderly >70 year
old). There is no difference between male and
female. Patients with low gastric acidity,
immunosuppressed, and AIDS patients have
a greater risk of Salmonella as well.

• Site
Any level of the gastrointestinal tract may be
involved, but the most prominent pathology is
in the ileum, appendix, and right colon. After
reaching the small bowel, Salmonella pene-
trates the mucosa predominantly in the
ileocaecal area and multiplies within the intes-
tinal lymphoid follicles.

• Prognosis
Although most Salmonella infections resolve
with antibiotics and supportive care, intestinal
infection may progress to septicemia and death
particularly in the elderly, the very young, neo-
nates, and immunocompromised patients or
those with comorbidities like prosthesis, artifi-
cial cardiac valves, etc. Typhoid fever is
a systemic illness with a mortality rate of
15% in untreated patients.

• Treatment
Most cases of non-typhoidal Salmonella
enterocolitis are self-limiting and do not
require treatment other than supportive care.

Antimicrobial therapy should be instituted in
patients with severe gastroenteritis or in those at
risk for developing disseminated disease.

Typhoid fever is a systemic illness with
a high rate of mortality. Fluoroquinolones are
the most effective drugs for treatment of
typhoid fever. Quinolone-resistant Salmonella
strains have emerged and are often resistant to
multiple drugs. They are usually treated with
azithromycin or cephalosporins.

Macroscopic Features

In the typhoid fever, findings are prominent in the
ileum, right colon, and appendix. Classically, the
bowel wall is thickened with raised nodules
corresponding to hyperplastic Peyer’s patches.
There are ulcerations over the button-like protru-
sions of the enlarged Peyer’s patches. Typically,
the ulcers are long, oval, or linear. There are
usually parallel with the longitudinal axis of the
terminal ileum. Smaller punctate ulcers overlying
lymphoid follicles are found in the caecum. The
lesions can be deeper with necrosis leading to
perforation. Toxic megacolon may complicate
typhoid fever. Suppurate mesenteric lymphadeni-
tis may be present. Rarely, the mucosa can be
normal or mildly inflamed.

In the non-typhoid Salmonella, the ileum and
colon manifest focal and latter diffuse lesions. The
lesions are often milder including mucosal ery-
thema, hemorrhage, friability of the mucosa and
surface erosions, ulcerations, or deep fissures with
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segmental involvement of the colon. Sometimes
the mucosa is grossly normal or edematous.

Microscopic Findings

The hallmark lesion of typhoid fever is an
ulceration overlying the hyperplastic Peyer’s
patches, causing ulcerated lymphoid follicles. In
the adjacent right colon, lymphoid follicles are
infiltrated by mononuclear cells, and an
abundance of macrophages in the floor and
edges of the ulcer are observed. These cells are
actively phagocytic and contain erythrocytes and
other cellular debris. Neutrophils are usually
inconspicuous. The ulcers are typically very
deep at the level or into the muscularis propria,
with a transmural inflammation.

Typhoid fever is sometimes associated with
marked architectural distortions that mimic
chronic IBD.

Non-typhoid infection features are usually like
nonspecific acute infectious type such as edema,
congestion, and focal inflammation in the lamina
propria. Areas of hemorrhage and ulcerations are
also present. Rarely, they show cryptitis, severe
inflammation, fibrinous exudates, and small
thrombi. Occasionally, significant crypt distor-
tions and branching can be observed, especially
in case with persistent diarrhea.

A significant overlap between pathologic
features of typhoid and non-typhoid species
exists. Some patients with typhoid fever may
lack the classic ulcer overlying a Peyer’s patch
and may show acute self-limited colitis similar to
non-typhoid species. Conversely, patients with
non-typhoid salmonellosis may have severe
colitis, with deep ulceration and transmural
involvement.

Differential Diagnosis

The differential diagnosis includes other enteric
bacterial pathogens such as Yersinia, ulcerative
colitis, and Crohn’s disease (Fig. 1). Clinical pre-
sentation and stool cultures may be very helpful in
resolving the differential diagnosis.

Salmonellosis, Fig. 1 Non-typhoid salmonellosis:
surface epithelial damage, inflammatory infiltrate with
mononuclear cells and crypt abscesses can mimic IBD
(Courtesy Dr P. van Eycken)

Salmonellosis, Fig. 2 Non-typhoid salmonellosis:
pattern of acute infectious colitis: Mucosal edema,
cryptitis, and a mixed infiltrate in the lamina
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Clinically, the incubation period of Salmonella
infection is longer than that of other enteric
pathogens.

Histologically, Salmonella infection shows
a more intense infiltration of neutrophils in
the lamina propria than in the epithelial glands
(Fig. 2). When crypt distortion is present,
a significant overlap between salmonellosis and
IBD may exist, but crypt distortion is generally
more pronounced in ulcerative colitis and there is
a relative scarcity of chronic inflammatory cells in
Salmonella infection.

In severe forms, giant cells or histiocytic aggre-
gates are present and they may coexist with
a transmural inflammation. In such cases,
a diagnosis of Crohn’s disease may be confusedly
proposed. However, it is very uncommon that
giant cells form compact granulomas.
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Synonyms

Abdominal sarcoidosis; Gastrointestinal manifesta-
tions of sarcoidosis; Granulomatous gastroenteritis

Definition

Sarcoidosis is a noncaseating granulomatous
disease, likely of autoimmune etiology, that
causes inflammation and tissue damage in multi-
ple organs, most commonly the lung, but also
skin, and lymph nodes, characterized by the
formation of noncaseating granulomas. The infil-
tration of CD4 +�activated T-cells represents the
immunological hallmark of sarcoidosis. If persis-
tent, this inflammatory process is followed by
the formation of granulomas. The accumulated
inflammatory cells and granulomas result in dis-
tortion of the architecture of the affected tissue
and, ultimately, organ dysfunction. Constitutional
symptoms include weight loss, myalgias, night
sweats, and fever and are most frequent early in
the disease. A common acute presentation is ery-
thema nodosum with arthralgias and hilar
adenopathy (Lofgren’s syndrome). Over 90% of
patients have lung involvement. The diagnosis of
sarcoidosis is based on the following criteria:
(1) a compatible clinical and/or radiological pic-
ture, (2) histological evidence of noncaseating
granulomas, and (3) exclusion of other diseases
capable of producing a similar histological or
clinical picture. Sarcoidosis of the gastrointestinal
(GI) tract is rare, and clinical features are related to
the location.

Diagnosis of sarcoidosis is generally based
upon a compatible history, demonstration of
granulomas in biopsies with negative staining
and culture for acid-fast bacilli, absence of occu-
pational or domestic exposure to toxins, and lack
of drug-induced disease. ACE levels are elevated
in 60% of patients and have been shown to corre-
late with the level of disease activity.

Esophageal involvement of sarcoidosis is
exceedingly rare. The most frequent clinical
manifestations are dysphagia and weight loss.
These are related to the granulomatous infiltra-
tion of the wall which leads to dysmotility which
may be attributed to neuropathy and myopathy
or mechanical obstruction. The macroscopic
features at endoscopy vary from aphthous
lesions, plaque-like protrusions, long distorted,
ulcerated strictures, and narrowing of the distal
esophagus.
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The stomach, particularly the antrum, is the
most frequent GI organ affected in sarcoidosis.
Epigastric pain is the most common symptom.
Abdominal pain is characteristically dull,
burning, or cramping in nature and is often
postprandial. Heartburn, early satiety, nausea,
vomiting, weight loss, generalized abdominal dis-
comfort, and diarrhea may also be reported. The
diagnosis is histological, but gastric aspirate ACE
levels may be higher than in the serum, and in
some patients, a pernicious anemia-type picture
has also been described.

The small bowel is the least common location
of sarcoidosis. Patients present with diarrhea, mal-
absorption, protein-losing enteropathy, colicky,
epigastric and periumbilical abdominal pain, and
bleeding. Weight loss, anorexia, low-grade
fever, and weakness may be present. Intestinal
granulomatosis of other etiologies such as
Crohn’s disease, tuberculous enteritis, and
Histoplasma enteritis must be excluded.

Sarcoidosis rarely involves the colon and rec-
tum. In these patients, abdominal pain was the
most common symptom with rare reports of
bleeding. External compression by lymphadenop-
athy is the most common cause of intestinal
obstruction.

Patients with appendiceal sarcoidosis may pre-
sent with acute right lower quadrant abdominal
pain or subacute to chronic pain in association
with a right lower quadrant mass. Appendiceal
abscesses are unusual.

As many as 40% of patients with sarcoidosis
have serological evidence of gastric autoimmunity
and gluten-associated immune reactivity; however,
the incidence of pernicious anemia or celiac disease
in patients with sarcoidosis remains low. On the
contrary, sarcoidosis is more frequently reported in
association with either Crohn’s disease or ulcera-
tive colitis.

Clinical Features

• Incidence
Sarcoidosis of the GI tract is exceptionally rare.
While several autopsy studies did not detect GI
involvement, one study reported intestinal and

gastric disease in 3.4% and 2.5%, respectively.
GI involvement is generally subclinical, but
clinically detectable disease is found in
0.1–0.9% of patients with sarcoidosis.

• Age
Sarcoidosis affects predominantly individuals
in the 20–40-year-old range.

• Sex
There is no clear gender predominance in sar-
coidosis. On the other hand, the incidence of
sarcoidosis in African Americans is at least
threefold higher than in Caucasians.

• Site
Sarcoidosis may involve the peritoneum and
various intra-abdominal organs such as the
liver, gallbladder, pancreas, esophagus, stom-
ach, small bowel, appendix, colon, and rectum.
The stomach is the most commonly involved
organ in the GI tract, and gastric sarcoidosis,
particularly occurring in the antrum, may affect
around 10% of patients with systemic disease.

• Treatment
The decision to treat GI sarcoidosis is based
upon the activity and extent of disease. The
role of therapy in GI sarcoidosis is unclear.
Patients generally do not require treatment
and are merely monitored. For symptomatic
patients with granulomatous inflammation on
tissue biopsy, glucocorticoids are the elected
treatment. The therapy initiated is prednisone
0.5 mg/kg per day. This dose is maintained
during a 6–8 week course until a positive
response is noted and then gradually tapered
over a period of approximately 6 months, to
a low to moderate maintenance dose
(10–15 mg). Treatment with corticosteroids
results in symptomatic improvement in 66%
of patients although normalization of the radio-
logical changes does not necessarily occur

Antacids and prokinetic drugs have been
used for symptomatic relief of delayed gastric
emptying and abdominal pain. Patients with
pyloric structuring or severe GI bleeding may
require surgery. Gastrointestinal sarcoidosis is
monitored clinically and radiographically. The
role of serum angiotensin converting enzyme
levels in monitoring gastrointestinal sarcoido-
sis is unknown. Repeat endoscopy is
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performed when the response to therapy
remains absent or unclear, particularly when
change of therapy is being considered for
persistent symptoms.

• Outcome
The overall prognosis is good, although most
patients will manifest some permanent organ
impairment. Risk factors for poor prognosis in
sarcoidosis include African ethnicity, disease
onset after 40 years, and stage III pulmonary
involvement. Mortality is related to heart and
lung involvement.

Macroscopy

Upper GI endoscopy may show gastritis,
ulcerations and diffusely erythematous, friable,
and elevated mucosa. In gastric sarcoidosis, four
principal categories of lesions have been distin-
guished: subclinical (the commonest), ulcerative,
infiltrative, and polypous. Ulcerations may lead to
bleeding. Mucosal enlargements such as polyps,
nodules, or enlarged Menetrier-like folds may
develop and lead to gastric outlet obstruction. Seg-
mental mucosal thickening and nondistensibility
resembling linitis plastica is the most common find-
ing at gastroscopy. Changes may be mistaken for
a gastric carcinoma although endoscopic ultrasound
may aid in the diagnosis. Colonoscopy may reveal
multiple nodules, polyps, strictures, aphthous
ulcers, and small punctuate bleeding sites.

Microscopy

The diagnosis of GI sarcoidosis is based on the
presence of noncaseating granulomas with multi-
nucleated giant cells and macrophages in the
biopsy specimens with negative staining and cul-
ture for acid-fast bacilli and fungi and in the
absence of particulate foreign material (Figs. 1
and 2). There is an overall scarcity of acute inflam-
mation and mucosal architectural distortion. Sev-
eral types of cytoplasmic inclusion bodies can
accompany granulomatous inflammation includ-
ing laminated calcific Schaumann bodies, stellate
asteroid bodies, and small oval brown Hamazaki-

Wesenberg bodies located in the mucosa. These
inclusion bodies are common in sarcoidosis but
are nonspecific. In cases where resolution is
incomplete, granulomas become enclosed by
fibrous rims and later replaced by collagenous
fibrous tissue.

Immunophenotype

Although immunophenotyping of the broncho-
alveolar lavage lymphocytes with the CD4/CD8
ratio and the CD103/CD4 ratio is possible,

Sarcoidosis, Gastrointestinal, Fig. 1 Low-power H&E
stain demonstrates gastric mucosa with noncaseating gran-
ulomas with multinucleated giant cells and macrophages

Sarcoidosis, Gastrointestinal, Fig. 2 Medium power
H&E shows aggregates of epithelioid histiocytes and
Langhans-type giant cells surrounded by lymphocytes.
No central necrosis is present. Schaumann bodies are vis-
ible in the giant cells in the lower left hand corner
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immunophenotyping of the gastrointestinal
mucosa is not used.

Molecular Features

Several alleles on the short arm of chromosome 6
confer susceptibility to disease (HLA DR 11, 12,
14, 15, 17). Regarding gastrointestinal involve-
ment of sarcoidosis, the relevance of molecular
analysis is limited.

Differential Diagnosis

Exclusion of other diseases is not always as rig-
orous as necessary. It is sometimes unclear
whether symptomatic GI disease is truly due to
sarcoidosis or to another process with granulomas
discovered as an incidental finding.

Tuberculosis, fungal infections, vasculitis, for-
eign body reactions, radiation injury, Crohn’s dis-
ease, microscopic colitis, Whipple’s disease,
schistosomiasis, enterobiasis, lymphoma, and car-
cinoma are all associated with gastrointestinal
granulomas.

Histological examination with staining and
culture for fungi and acid-fast bacilli helps to
distinguish between fungal infections such as his-
toplasmosis and the presence of tuberculosis.

Sarcoidosis of the colon and terminal ileum
(TI) can mimic Crohn’s disease with moderate
fibrosis and narrowing of the terminal ileum. It is
differentiated from CD by the presence of
(Schaumann bodies), prominent intramucosal
rather than sparse submucosal granulomas, and
the lack of fistulas. Serum angiotensin converting
enzyme may help to differentiate these entities.
Resolution of granulomatous inflammation and
significant clinical improvement with corticoste-
roid therapy favors the diagnosis of sarcoidosis.

References and Further Reading

1. Akdogan, M., Ulas, M., Kayhan, B., Orug, T., &
Aydog, G. (2008). Gastrointestinal sarcoidosis mimick-
ing colonic cancer. Turkish Journal of Gastroenterol-
ogy, 19(2), 136–138.

2. Kchaou Ouakaa, A., Kochlef, A., Kilani, A., Kharrat, J.,
Romani, M., Gargouri, D., Belhadj, N., Ghorbel, A.,
Khayat, O., & Ben Ayed, M. (2003). Gastric and
colonic sarcoidosis. A case report. La Tunisie Médicale,
81(11), 902–906.

3. Maàmouri, N., Guellouz, S., Ben Hariz, F., Ketari, S.,
Belkahla, N., Ouerghi, H., Chelly-Enneifer, I., Chouaib,
S., Moncef Zitouna, M., & Ben Mami, N. (2010).
Gastrointestinal sarcoidosis. La Revue de Médecine
Interne, 31(4), 262–267.

4. Vahid, B., Spodik, M., Braun, K. N., Ghazi, L. J., &
Esmaili, A. (2007). Sarcoidosis of gastrointestinal tract:
a rare disease. Digestive Diseases and Sciences, 52(12),
3316–3320.

5. Ushiki, A., Koizumi, T., Kubo, K., Suzawa, K.,
Arakura, N., & Suzawa, H. (2009). Colonic sarcoidosis
presenting multiple submucosal tumor-like lesions.
Internal Medicine, 48(20), 1813–1816.

Scleroderma, Esophageal

J. Alberto Pereira da Silva
Serviço de Reumatologia, Hospital de S. Maria,
Lisbon, Portugal

Synonyms

Esophageal; Esophagus in progressive systemic
sclerosis (PSP); Esophagus in systemic sclerosis
(SSc); Scleroderma

Definition

Esophageal disease in scleroderma is the result of
dysmotility and lower esophageal sphincter
dysfunction.

Both neurogenic impairment and microvascular
insufficiency lead to smooth muscular atrophy and
fibrosis. Endothelial activation is followed by
the production of autoantibodies. Autoantibodies
against enteric neurons and anti-muscarinic
antibodies have been described in some patients.

Dysmotility is a consequence of smooth
muscle involvement in the distal two-thirds of
the esophagus. Esophageal sphincter dysfunction
with reduced pressure leads to gastroesophageal
reflux.
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Involvement of the upper esophagus is the
result of inflammation of striated muscle and
should raise the possibility of other diagnosis
(overlap syndromes or dermatomyositis).

Symptoms consist of retrosternal pain, dyspha-
gia, heartburn, and regurgitation. Delayed gastric
emptying, loss of secondary peristalsis, and
impaired salivary bicarbonate secretion may fur-
ther aggravate gastroesophageal reflux.

Structural disorders may occur such as
Barrett’s metaplasia, hiatal hernia, and esophageal
strictures. Strictures have been found in up to 29%
and are the consequence of reflux and other fac-
tors such as candidal esophagitis. Barrett’s esoph-
agus was described up to 37%; it remains
controversial however if there is an increased
incidence of esophageal malignancy and even if
Barrett’s esophagus is more frequent than in the
general population. Some Authors suggest that
the use of proton pump inhibitors may have
decreased the prevalence of these conditions.

Several studies suggested that gastroesopha-
geal reflux may contribute to interstitial lung dis-
ease (ILD) in consequence of microaspiration and
bronchoconstriction; it has been found that ILD is
correlated with acid and nonacid reflux. It is not
yet sure that treatment of reflux has a positive
effect in ILD.

Clinical Features

• Incidence
In scleroderma, the esophagus is the most fre-
quently involved organ of the gastrointestinal
tract, with more than 50% of patients having
clinical esophageal involvement; dysmotility
is found in 90% by manometry, even in the
30–40% asymptomatic patients.

Gastrointestinal involvement which occurs
in up to 90% may appear in both diffuse and
limited forms of scleroderma although other
visceral involvement is more frequent in dif-
fuse forms.

Scleroderma is a rare disease with
a worldwide distribution. The incidence of
scleroderma varies from 9 to 19 new cases
per million per year, and the prevalence is

100–286 per million population. It is more
prevalent in African-American and black
Africans (about two-fold increase).

• Age
The most common age of disease onset is
between 30 and 50 years, the mean age being
42–44 years.

• Sex
Scleroderma is more common in females
(3–5:1), in particular in African-Americans.

• Site
The esophageal involvement in scleroderma
is limited to the two inferior thirds.
The dysmotility of the superior third should
raise suspicion of other diagnosis (mixed
connective tissue disease or polymyositis/
dermatomyositis).

• Treatment
The treatment of scleroderma esophageal dis-
orders should include lifestyle measures, as in
other cases of reflux, and antiacid therapy with
PPI or histamine-2-receptor antagonists.

The head of the bed should be taken during
the 3 hours before sleep; alcohol, caffeine,
nicotine, chocolate, tomatoes, and drugs that
relax the lower esophageal sphincter should be
avoided.

The use of PPI is recommended for treat-
ment and prevention of strictures and ulcers.

Prokinetic drugs such as metoclopramide,
domperidone, and erythromycin are often used
in spite of the lack of strong evidence of their
benefits.

Surgery of gastroesophageal reflux in
scleroderma is associated with dysphagia and
achalasia. In consequence surgery is generally
avoided and reserved for cases where medical
therapy could not achieve any relieve of the
symptoms.

General therapies for control of scleroderma
with immunosuppressors or stem-cell trans-
plantation did not improve gastrointestinal
involvement.

• Outcome
In SSc the outcome is determined by the
involvement of internal organs, in particular
of the lungs. There is not any proven disease-
modifying drug.
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Risk factors for decreased survival are male
sex, proteinuria, elevated sedimentation rate,
pulmonary arterial hypertension, restrictive
pulmonary disease, dyspnea, decreased pulmo-
nary diffusion capacity, higher age at onset of
Raynaud’s phenomenon, anti-Scl-70 and anti-
U3 RNP antibodies, and greater modified
Rodnan skin score.

African-Americans have higher mortality;
the presence of anti-Scl-70 and anti U3 RNP
is greater in this ethnic group.

Macroscopy

Autopsy studies showed atrophy in 94% without
fibrosis, and esophageal thickening was found in
a study using endoscopic ultrasound.

Microscopy

Early lesions are seen in arterioles consisting of
a disruption of the internal elastic lamina,
a thickened capillary basement membrane, swol-
len endothelial cells, and vessel sclerosis. Initially
muscle atrophy and fibrosis are scattered, but
eventually, collagen infiltration in the lamina pro-
pria, submucosa, and smooth muscle occurs.
Inflammatory cells are seen around vessels.

Metaplasia of the normal squamous epithelium
into columnar epithelium (Barrett’s esophagus) is
found in about one-third of patients.

Immunophenotype

Anti-topoisomerase I (Scl 70) and anti-centromere
are present in the serum of scleroderma patients
and are very specific of this disease.

Patients with anti-topoisomerase I antibodies
present the diffuse subset of scleroderma and
are in greater risk of interstitial lung disease.
Anti-centromere antibodies are associated with
the limited forms of the disease, digital ischemia,
and pulmonary hypertension.

The anti-RNA polymerase antibodies are asso-
ciated with scleroderma renal crisis.

Other autoantibodies have been described in
scleroderma with putative pathogenic effects
(anti-endothelial cell, anti-fibroblast, anti-fibrillin,
anti-matrix metalloproteinases 1 and 3, anti-
platelet-derived growth factor receptor, and
anti-muscarinic receptor).

It has been purposed that anti-M3 muscarinic
receptor antibodies could be involved in the
pathogenesis of gastrointestinal dysmotility.

Differential Diagnosis

Impaired motility, chronic use of antiacids and
immunosuppressors, and the use of antibiotics
may predispose to candidal esophagitis which
may contribute to stricture formation.

References and Further Reading

Clarke, J. O., & Hirano, I. (2012). Upper gastrointestinal
tract. In J. Varga et al. (Eds.), Scleroderma: From
pathogenesis to comprehensive management
(pp. 471–484). New York: Springer.

Doma, S., Wo, J. M., & Parkman, H. P. (2012). Esophageal
involvement in systemic diseases. In J. E. Richter &
D. O. Castell (Eds.), The esophagus (pp. 367–382).
Chichester: Wiley-Blackwell.

Sjogren, R. W. (1994). Gastrointestinal motility disorders in
scleroderma. Arthritis and Rheumatism, 37, 1265–1282.

Serrated Polyposis Syndrome

Arzu Ensari
Department of Pathology, Ankara University
Medical School, Sihhiye, Ankara, Turkey

Synonyms

Hyperplastic polyposis syndrome; Serrated ade-
nomatous polyposis syndrome

Definition

Serrated polyposis syndrome is a clinically
defined syndrome characterized by the occurrence
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of multiple serrated polyps in the large intestine.
The definition of serrated polyposis syndrome
(SPS) includes (1) at least 5 serrated polyps
proximal to the sigmoid with two or more
being larger than 10 mm, (2) any number of
serrated polyps proximal to sigmoid in an
individual who has a first-degree relative with
serrated polyposis, and (3) more than 20 ser-
rated polyps of any size distributed throughout
the colon. SPS is usually asymptomatic with
no associated extracolonic manifestations. Two
clinical forms have been described, namely,
type 1 characterized by larger and proximally
located serrated polyps commonly showing
BRAF mutations and/or MMR gene methyla-
tion and MSI and a high risk of cancer,
whereas type 2 is characterized by numerous
small hyperplastic polyps which show KRAS
mutations and carry a low risk, if any, for
colorectal cancer.

Clinical Features

• Incidence
Approximately 200 cases have been published
so far.

• Age
SPS can occur at any age but is more common
in middle-aged and elderly.

• Sex
Females and males are affected equally.

• Site
SPS affects the entire colon.

• Treatment
Polyps should be removed by colonoscopy in
SPS as they carry a risk of progression to
cancer. The interval for colonoscopy is longer
for small polyps, while those larger than 1 cm
in diameter should be controlled annually.
When colonoscopy is technically ineffective
as for right-sided large polyps, then total
colectomy is recommended.

• Outcome
SPS patients usually have good prognosis if
they receive appropriate treatment. Individuals
with SPS and their first-degree relatives are at
increased risk of colorectal cancer. Follow-up

of patients with SPS with repeated colonosco-
pies is necessary to lower the risk of
carcinoma.

Macroscopy

Macroscopically polyps in the context of SPS are
mostly sessile, round to oval, flat or slightly
elevated lesions located over the mucosal plicae.
They possess the same color as the surrounding
mucosa (Fig. 1). There may be some pedunculated
polyps. They are usually larger than 5 mm in
diameter.

Microscopy

The majority of polyps in SPS are sessile serrated
adenomas/polyps (SSA/Ps), though there are
some microvesicular hyperplastic polyps. As
SSA/Ps progress, they become dysplastic and

Serrated Polyposis Syndrome, Fig. 1 Gross picture of
a case with SPS
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may be mistaken for adenomatous polyps.
Despite earlier reports on SPS, conventional
adenomas are not found in the context of SPS.
SSA/Ps have distinct architectural features such as
dilated, horizontal crypts and T- or L-shaped
crypts with exaggerated serration in their
epithelium (Fig. 2). The basally located crypts
have different cell types comprising goblet cells,
gastric foveolar cells, and undifferentiated cells.
When dysplasia develops in SSA/Ps, nuclei
become vesicular with prominent nucleoli and
frequent mitoses are observed (Fig. 3).

Immunophenotype

No specific immunophenotypic feature is reported
for SPS.

Molecular Features

The genetic abnormality in SPS is not known. The
serrated pathway for sporadic serrated polyps may
also be involved in SPS. BRAF and KRAS muta-
tions are the most common molecular abnormali-
ties observed in the polyps in SPS. There are
also some reports for methylation of MMR
genes in some polyps of SPS. However, no con-
sistent data is available on the molecular features
of SPS.

Differential Diagnosis

The differential diagnosis of SPS includes all
polyposis syndromes affecting the colon. Among
these are FAP,MUTYH-associated polyposis, and
hamartomatous polyposis syndromes. The histo-
pathologic features of the dominant polyp type
allow distinction between these polyposis syn-
dromes. FAP and associated polyposis syndromes
including MUTYH-associated polyposis are char-
acterized by conventional adenomas, while hyper-
plastic and/or hamartomatous polyps are found in
hamartomatous polyposis syndromes.
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Shigellosis

Gert De Hertogh
Department of Pathology, Pathologische
Ontleedkunde, UZ Leuven, Leuven, Belgium

Synonyms

Shiga bacillus dysentery; Shigella dysentery

Definition

Before defining shigellosis, it is necessary to clar-
ify the meaning of a few terms commonly
employed in the gastroenterology clinic. Diarrhea
means the passage of three or more unformed
stools per day. It can be a symptom of colitis,
which is a disease characterized by the presence
of a histological lesion: colonic inflammation.
The inflammatory process may be limited to the
mucosa or extend to the deeper layers of the bowel
wall. The diagnosis of colitis can be established
when, in a patient with diarrhea, one or more of
the following features are present: (1) passage of
multiple small-volume stools containing blood
and mucus (this symptom is called “dysentery”),
(2) positive markers for colonic inflammation in
the stools (leukocytes adherent to the mucus
on microscopic examination, positive fecal
lactoferrin or calprotectin test), and (3) colonos-
copy showing mucosal inflammation. Colitis is
classified as acute when it develops within
14 days of onset of diarrhea and chronic when
arising later than 30 days. In infectious colitis,
there is a strong reason to believe, or positive
proof, that the disease is caused by an infectious
agent. The arguments for this diagnosis may be
epidemiological evidence (a cluster of cases with

similar symptoms, spreading around a well-
characterized index patient) or a positive microbi-
ological test. Shigella species are a common cause
of acute dysentery requiring hospital admission.

Clinical Features

• Presentation
Every patient presenting with acute diarrhea
must get a thorough anamnesis and a clinical
evaluation. Diarrhea should initially be classi-
fied as one of two syndromes: non-
inflammatory and inflammatory.

Noninflammatory diarrhea is usually of
large volume and watery, without blood or
pus. The patient may have severe abdominal
pain, but systemic symptoms and fever are
absent. The most likely causative agents are
viruses (rotavirus, norovirus), enterotoxigenic
Escherichia coli, Vibrio cholerae, staphylo-
coccal and clostridial food poisoning,
and Giardia and Cryptosporidium infections.
Usually the small intestine is the only seat
of the disease, there is no damage to the
mucosa, and rehydration is the first therapeutic
action.

Inflammatory diarrhea is dysenteric, and
systemic signs such as a toxic appearance and
fever may be present. With such symptoms,
there is typically tissue damage in the colon.
This consists of a disruption of the epithelial
integrity and a disturbance of the mucosal
microcirculation which may be due to the
action of cytotoxins produced by infectious
microorganisms. Common causative agents
include Shigella, Campylobacter, enterohe-
morrhagic Escherichia coli, Clostridium diffi-
cile, Salmonella, Yersinia, and Entamoeba
histolytica. Fecal examination for neutrophils
or their products lactoferrin or calprotectin may
be positive although results depend on the type
of microorganism. With shigellosis, the stools
are typically mixed with large numbers of neu-
trophils and erythrocytes. Clinically, one
should consider Shigella infection especially
when acute dysenteric diarrhea or colitis
develops in an international traveler. The
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incidence of community-acquired infections is
typically low in developed countries. Shigello-
sis may also present with a proctitis syndrome,
where the patient has prominent tenesmus with
rectal pain.

There are several different Shigella species,
which are all gram-negative enteric organisms
resembling E. coli, but with the following dif-
ferences: they are nonmotile, they do not pro-
duce gas from glucose, and they are usually
lactose negative. The four major subgroups are
Shigella dysenteriae, S. flexneri, S. boydii, and
S. sonnei. In developed countries, S. sonnei is
the most common causative agent of bacillary
dysentery.

During infection, Shigella organisms are
present in the stools in large numbers. Trans-
mission is via the fecal-oral route. Although
the bacteria are sensitive to heat and drying and
prefer an alkaline milieu, they can survive
under relatively acidic conditions. This may
explain the small infectious dose and the
rapid spreading typical for this disease. The
diagnosis requires routine stool culture, which
also differentiates from Salmonella and Cam-
pylobacter infections.

• Treatment
The initial therapy for every patient is oral
rehydration or intravenous fluid replacement
when indicated. Antidiarrheal medication is
not commonly employed. Antimicrobial
agents are given in moderate or severe dysen-
tery. One should consider this when the culture
report returns positive. Any patient with diar-
rhea for longer than a week should also receive
antibiotics. The drugs of choice are quinolone
antibiotics, e.g., ciprofloxacin. Alternatively,
a neomacrolide such as azithromycin may
be used.

• Outcome
The outcome is generally good. Deaths are rare
in healthy persons, especially in adults. Most
lethal cases have occurred in young malnour-
ished children in developing countries or in
elderly or immunodeficient patients. Chronic
carriage is rare and self-limited. It also
responds to antibiotic treatment. About 10%
of patients with well-treated shigellosis may

suffer from prolonged mild diarrhea and
cramps (so-called postinfectious irritable
bowel syndrome).

Macroscopy

Sigmoidoscopy can confirm the diagnosis of coli-
tis, but will not usually be employed in the setting
of acute dysentery because it may then be very
painful. The usual colonoscopic picture consists
of reddened edematous mucosa with erosions and
ulcers, limited to the rectum or the colon and
rarely extending into the terminal ileum. With
severe illness or in cases left untreated for a long
period (2–4 weeks), the endoscopic picture may
be undistinguishable from that observed in idio-
pathic chronic ulcerative colitis.

Microscopy

There are few descriptions in the literature of the
histologic picture of acute bacillary dysentery
due to shigellosis. This may relate to the large
number of clinically mild cases, the limited
access to colonoscopy for many patients in
developing countries, and the satisfactory use
of other diagnostic tests in moderate and severe
cases.

The typical case presents with a spectrum of
histopathological findings which vary in function
of the natural history of the disease. In the peak
activity stage (0–4 days after the onset of bloody
diarrhea), mucosal biopsies show a preserved
architecture, edema, and an increased number of
inflammatory cells (Fig. 1). This infiltrate is mixed
lymphoplasmacytic and neutrophilic in most
cases. A predominance of neutrophils is associ-
ated with S. dysenteriae infection and acute pre-
sentation. Other findings are cryptitis, crypt
abscesses, loss of integrity of surface and crypt
epithelium, and erosions and ulceration (Figs. 2
and 3). There may be mild crypt distortion,
but branching crypts are rare. Epithelial damage
manifests most clearly as loss of goblet cells,
especially after 48 h. At the time of resolution
(within 6–9 days of onset of bloody diarrhea),
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the neutrophils become more scarce and the
epithelium shows regenerative changes. A few
foci of cryptitis may still be present. In the
late stage, the number of intraepithelial lympho-
cytes may be increased in a limited number of
crypts. This succession of patterns corresponds
to the entity “acute self-limited colitis” for which
Shigella, Campylobacter, and Salmonella species
are the most common causative agents.

As described earlier, a problem may arise
when patients have not been treated for a long
period of time. Typically, the endoscopic aspect
may then be difficult to distinguish from chronic
idiopathic ulcerative colitis. Features pointing to
ulcerative colitis are extensive crypt branching
and well-developed basal plasmacytosis. Clini-
cally, the major differences between shigellosis
and idiopathic ulcerative colitis are a positive
stool culture and a dramatic improvement in
symptoms after appropriate antimicrobial treat-
ment. When in doubt, treatment for shigellosis is
recommended.

Immunophenotype: Molecular Features

Immunohistochemical or molecular pathologic
tests are not employed for the diagnosis.

Differential Diagnosis

Endoscopy with biopsies may be indicated in
patients with acute proctitis syndrome to aid in
the differential diagnosis with sexually transmit-
ted diseases (herpes simplex virus infection, gon-
orrhea, syphilis, lymphogranuloma venereum) or
noninfectious causes such as ulcerative colitis,
Crohn’s disease, radiation proctitis, and solitary
rectal ulcer syndrome. Sigmoidoscopy may also
point to Clostridium difficile colitis by revealing
the characteristic pseudomembranes; biopsies in
this situation may be helpful. In HIV-infected
patients, biopsies can be taken of ulcer bases to
reveal Cytomegalovirus inclusions in stromal
cells.

Shigellosis, Fig. 1 Low-power H&E stain shows colon
mucosa with a preserved architecture and an increased
inflammatory cell infiltrate. This is a case of culture-proven
Shigella colitis

Shigellosis, Fig. 2 Medium-power H&E stain. Regener-
ative epithelial changes and a mixed infiltrate with cryptitis

Shigellosis, Fig. 3 Medium-power H&E. Mixed infil-
trate with a crypt abscess
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Synonyms

Small intestinal insufficiency

Definition

Short bowel syndrome (SBS) refers to the clinical
consequences including malabsorption resulting
from loss of small bowel absorptive surface area
either due to congenital defect or surgical resec-
tion or bypass. The syndrome is characterized by
maldigestion, malabsorption, and malnutrition.
SBS occurs when more than one half of the
bowel is removed or missing, especially if termi-
nal ileum and ileocecal valves are removed. After
removal of a large portion of the small intestine,
the remaining small intestine goes through
a process of adaptation that increases its ability
to absorb nutrients. The inner lining grows,

increasing its absorptive surface area. Intestinal
adaptation can take up to 2 years to occur.
Clinical symptoms of SBS include diarrhea,
fatigue, steatorrhea, weight loss, and edema. The
diagnosis rests on the clinical history and routine
laboratory tests revealing the deficiency of
nutrients.

Clinical Features

• Incidence
True incidence of SBS is not known.

• Age
The congenital form affects the infants,while
adults can develop SBS after bowel surgery.

• Sex
There is no sex predilection for SBS.

• Site
Congenital defect or removal of more than half
of the small intestine may cause SBS.

• Treatment
Treatment may involve use of oral rehydration
solutions, parenteral nutrition, enteral nutri-
tion, and medications. Having an intestinal
transplant may be an option for some patients.
Antisecretory and antidiarrheal medications
are prescribed to slow intestinal transit times
and optimize fluid and nutrient absorption.
Based on postsurgical anatomy, enteral feed-
ings, parenteral infusions, complex diet plans,
and vitamin and mineral supplementation are
used in various combinations to nourish
patients with SBS. Diet education and dis-
charge planning are also important factors in
the treatment.

• Outcome
Survival of patients with SBS is dependent on
adaptation in the remaining bowel and
a combination of pharmacologic and nutrition
therapies. Individual plans of care are devel-
oped based on the length and sites of remaining
bowel, the degree of intestinal adaptation, and
the patient’s ability to adhere to the medication
and dietary regimens. The condition may
improve over time if it occurs as a result of
surgery. There may be a gradual improvement
in nutrient absorption. Survival rate ranges
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from 80% to 94%, and the presence or absence
of the ileal cecal valve does not appear to
impact the mortality rate, but does significantly
affect the length of time on total parenteral
nutrition TPN. The most common morbidities
remain sepsis, both central line related and
bacterial overgrowth, and TPN cholestasis.
Long-term recovery of these children often is
remarkably normal, but there is a 10–15% inci-
dence of neurologic and developmental
defects.

Macroscopy

Small intestinal biopsy is not included in the diag-
nostic workup of patients with SBS.

Microscopy

The histopathologic changes in SBS can either be
related to the adaptation process of the bowel or be
associated with the effects of TPN on the bowel
mucosa. Adaptive process involves epithelial
hyperplasia in the small intestinal mucosa in the
form of crypt hyperplasia, increased mitotic activ-
ity in the crypt epithelium, and lack of maturation
in the villus epithelium, while long-term TPN
causes focal or diffuse villus blunting and muco-
sal atrophy.

Immunophenotype

No specific immunophenotypic feature is
reported.

Molecular Features

No specific molecular feature is reported.

Differential Diagnosis

The differential diagnosis of SBS involves active
Crohn’s disease, celiac disease, small intestinal

bacterial overgrowth (SIBO), and malignancy of
the small intestine. Though symptoms may be
similar in all of these conditions, endoscopy and
clinical history may aid in the diagnosis. SIBO
may occur in the context of SBS.
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Synonyms

Diffuse carcinoma; Poorly cohesive carcinoma

Definition

Signet ring cell carcinoma is defined as a tumor
composed predominantly (more than 50%) or
exclusively of signet ring cells, characterized
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histologically by cells with a large vacuolated
mucinous cytoplasm and an eccentrically placed
flattened nucleus.

Various classification schemes for gastric can-
cer have been proposed; the Laurén and theWorld
Health Organization (WHO) classification sys-
tems are the most widely used. Gastric adenocar-
cinomas are subtyped in the WHO classification
based on the predominant morphologic compo-
nent of the tumor. These subtypes include tubular,
papillary, mucinous, poorly cohesive (including
signet-ring cell type), and mixed carcinomas.
The Laurén scheme separates gastric adenocarci-
nomas into intestinal, diffuse, and mixed or inde-
terminate subtypes. Signet ring cell carcinomas
are categorized into the diffuse type in the Laurén
scheme.

Clinical Features

• Incidence
Gastric adenocarcinoma is the fifth most
common cancer worldwide and is the third
leading cause of cancer death with about
700,000 patients dying each year. Signet
ring cell carcinomas are classified as diffuse
type carcinoma in the classification of
Laurén. The diffuse type is relatively more
common in low-incidence areas (defined as
<15 gastric cancers per 100 000) including
North America, northern Europe, and most
countries in Africa and southeastern Asia,
while the intestinal type of adenocarcinoma
predominates in high-incidence countries
(defined as >60 gastric cancers per 100
000), including eastern Asia, eastern Europe,
and central and Latin America. Reported
incidences of signet ring cell carcinomas of
all gastrectomies performed range from 3.4%
in Japan to 39% in the Unites States. Inci-
dences are different geographically, in time,
in different age groups, and in sex. However,
also problems with definitions of the differ-
ent subtypes of gastric cancer play a role, so
not all reported numbers may be representa-
tive. A higher incidence of early signet ring

cell carcinomas was reported in high-
incidence countries, of up to 20%.

• Age
Incidence of gastric cancer increases progres-
sively with age and is rare in persons younger
than 30 years. Signet ring cell carcinoma
occurs more frequently in younger patients
compared to other subtypes of gastric adeno-
carcinoma. One rare presentation of signet ring
cell carcinoma occurs in the setting of heredi-
tary diffuse gastric cancer. Signet ring cell car-
cinoma and distinct premalignant lesions
characterize this autosomal-dominant cancer-
susceptibility syndrome, and gastric cancer can
occur at already young age. For more about
this topic, the reader is referred to the chapter
concerning ▶E-cadherin gastric carcinoma or
hereditary diffuse gastric cancer.

• Sex
Signet ring cell carcinoma has a higher predi-
lection for women.

• Site
Signet ring cell carcinoma can occur through-
out the stomach, but most often, the lower
antro-pyloric region and/or corpus is involved
and in approximately 10% the entire stomach
is involved.

• Treatment
The therapy regimen of gastric cancer depends
on characteristics, stage, location, and genetics
(for instance HER2 status) (Allum et al. 2011).
Diagnostics should lead to accurate initial stag-
ing and assessment of treatment response.
Imaging techniques, including multidetector
CT, gastroduodenoscopy, and PET-CT, should
provide staging assessment according to the
TNM classification. The incidences of lymph
node metastases and distant metastasis are
high; therefore, initial assessment must estab-
lish the presence or absence of distant disease.

Radical surgery represents the standard
form of curative therapy aiming to excise the
primary tumor with clear longitudinal and cir-
cumferential margins. Advanced carcinomas
should be treated according to the location,
distally by subtotal gastrectomy and proxi-
mally by total gastrectomy. Cardia tumors
should be treated by trans-hiatal extended
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total gastrectomy or esophageo-gastrectomy.
The extent of lymphadenectomy should be tai-
lored to the age and fitness of the patient
together with the location and stage of the
cancer. The distal pancreas, spleen, and splenic
nodes should be removed only when there is
direct invasion and still a chance of a curative
procedure in patients with carcinoma of the
proximal stomach. Limited gastric resections
should only be used for palliation or in the very
elderly and may improve survival and quality
of life. If patients present with gastric outlet
obstruction and a curative intent is impossible,
the use of a stent can be considered.

Chemotherapy, either alone as a periopera-
tive treatment, or in combination with radiation
therapy in an adjuvant setting, improves the
clinical outcome for patients with resectable
gastric cancer. However, it is unclear whether
pre- or perioperative chemotherapy leads to
improved survival in patients with signet ring
cell carcinoma and further research is needed
(Heger et al. 2014; Messager et al. 2011).

• Outcome
Asian reports indicate that signet ring carci-
noma has better 5-year survival rates than
other gastric cancers. The better prognosis is
related in these countries to a higher prevalence
of mucosa-confined carcinomas and early
detection of signet ring cell carcinoma. When
corrected for disease stage, the histologic type
does not seem to be an independent predictor
of outcome. Advanced gastric carcinoma
(independent of histologic type) presents in
advanced stage with larger tumors, lower cura-
tive rate, serosal invasion, and peritoneal dis-
semination and is associated with poor
prognosis with reported 1-year and 5-year sur-
vival rates of 42% and 24%, respectively.

Macroscopy

The growth pattern of gastric carcinoma is com-
monly described according to the Borrmann clas-
sification, subdividing polypoid, fungating,
ulcerative, and infiltrative growth patterns. Signet
ring cell carcinomas more often present as

ulcerating lesions with infiltration into the gastric
wall (Borrmann type 3) or as diffuse infiltrating
tumors (Borrmann type 4). Tumor cells spread
superficially and produce flat, plaque-like lesions
with or without shallow ulcerations. With exten-
sive infiltration, linitis plastica may develop char-
acterized by a thickened, firm, fibrotic, and
leathery appearance of the gastric wall. In contrast
to intestinal-type carcinoma, the mucosa appears
relatively normal.

Microscopy

The WHO classification scheme describes five
main types of gastric adenocarcinoma including
tubular adenocarcinoma, papillary adenocarci-
noma, mucinous adenocarcinoma, poorly cohe-
sive carcinoma, and mixed carcinoma. Signet
ring cell type is a distinct type of poorly cohesive
carcinoma, defined as a tumor composed predom-
inantly or exclusively of signet ring cells. Other
cellular variants of poorly cohesive carcinoma
include tumors composed of neoplastic cells
resembling histiocytes, lymphocytes, or pleomor-
phic poorly cohesive cells with irregular and
bizarre nuclei. A mixture of different cell types
can be present, including few signet ring cells.
Signet ring cell carcinomas have been classified
as “diffuse type” by Laurén, ‘infiltrative type’ by
Ming, and ‘undifferentiated type’ in the Japanese
classification system. The largest part of all signet
ring cell carcinomas (presumably>90%) occur in
the stomach, breast, and colorectum, with the
remaining arising in several other organs, includ-
ing the gallbladder, pancreas, urinary bladder,
prostate, and lung.

Signet ring cell carcinoma is characterized by
cells with a central optically clear, globoid
droplet of cytoplasmic mucin with a flattened or
crescent-shaped nucleus (Figs. 1 and 2). These
cells are called “signet ring cells” since the
intracytoplasmic vacuole of mucin compresses
the nucleus against the periphery of the cell, giv-
ing it its typical signet ring appearance. The tumor
cells exhibit hyperchromatic, pleomorphic nuclei
with mitosis, and there is infiltration of cells into
and beyond the lamina propria. Signet ring cells
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may form a lace-like gland or delicate micro-
trabecular pattern in the mucosa or be accompa-
nied by marked desmoplasia in deeper levels of
the stomach wall with formation of Indian-files. In
some cases, signet ring cells may be restricted to
the mucosa, while other variants of poorly cohe-
sive cells extend into the deeper levels of the
gastric wall. There can also be an admixture of
glandular or solid elements especially in deeper
portions of the tumor. When signet ring cells
infiltrate the submucosa and deeper tissues, they
often provoke a dense fibrous desmoplastic reac-
tion that frequently results in a markedly

thickened leather bottle-like stomach (linitis
plastica). However, this lesion is not unique to
signet ring cell carcinomas and can be seen with
other (diffuse) adenocarcinomas and sometimes
with metastatic tumors, especially breast tumors.

Immunophenotype

Gastric signet ring cell carcinomas are positive for
pankeratin staining with varying degrees of CK7
and CK20 positivity. CK18 or CAM5.2 is most
often negative. Gastric signet ring cell carcinomas
may express Hep Par 1, heterogeneous CDX-2,
MUC2, and MUC5AC.

The type and amount of intracytoplasmic
mucus vary in signet ring cells; they can be filled
with acid mucin, with secretory granules
containing acid or neutral mucin, with eosino-
philic granules containing neutral mucin or they
contain almost no mucin. The detection of signet
ring cells within the mucosa is sometimes subtle
and easily missed as they may occur in rather
normal looking mucosa. The PAS with diastase
stain, mucicarmine, or Alcian blue are often useful
histochemical stains for highlighting signet ring
cells. The recognition of cytoplasmic mucin is of
utmost importance to prove that these cells are
indeed signet ring cells and to exclude ‘pseudo-
signet ring cells’ or ‘glassy cells’ that are cells
with vacuoles sometimes resembling mucosal sig-
net ring cell carcinoma. These glassy cells contain
eccentric bland nuclei and a cytoplasmic clear or
glassy appearance and can simulate signet ring
cell carcinoma, especially in small gastric biop-
sies. Signet ring cells are positive on mucin
staining, but they need to be distinguished
from goblet cells and foamy macrophages
(mucophages) that also contain mucin. In biop-
sies, a negative keratin stain and positive CD68
stain can be used to prove macrophages. Other
conditions that can be confused with signet ring
cell carcinoma include signet ring cell lymphoma,
characterized by lymphoid cells distended with
immunoglobulin and metastasis of other primary
signet ring cell carcinomas.

Mucins are high-molecular-weight heavily
O-glycosylated glycoproteins produced by

Signet Ring Cell Carcinoma, Fig. 1 Low-power view of
a poorly cohesive/diffuse gastric adenocarcinoma. No
well-formed glands are identified (Original magnification
25�)

Signet Ring Cell Carcinoma, Fig. 2 Typical signet ring
cells with peripheral nuclei and intracytoplasmic mucin
(Original magnification 200�)
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secretory epithelial cells. Specific types of mucin
are individually referred to as MUC and desig-
nated with a number representing the order in
which the mucin was described. Mucin expres-
sion profiles may be useful in some cases to help
determine the primary origin of metastatic signet
ring cell carcinoma. However, signet ring cell
carcinoma originating in the stomach has variable
expression patterns of MUC1, MUC2, MUC4,
MUC5AC, and MUC6 and is therefore not
specific. Signet ring cell carcinoma of the breast
shows strong staining for MUC1 and colorectal
signet ring cell carcinoma is consistently strongly
positive for MUC2 and MUC4.

Molecular Features

Gastric cancers are characterized by genetic and
epigenetic changes that affect tumor suppressor
genes, oncogenes, and mismatch repair genes.
Consequently, deregulation of cellular prolifera-
tion, adhesion, differentiation, signal transduc-
tion, telomerase activity, and DNA repair has
been reported. The most important described
genetic pathway for diffuse gastric cancer is the
loss of function of E-cadherin. Diffuse-type or
signet ring cell carcinomas have been considered
to start developing through the loss of function of
the CDH1 gene encoding for E-cadherin. In spo-
radic diffuse carcinomas, genetic and epigenetic
alterations are described in the CDH1 gene, and in
hereditary diffuse gastric cancer, germline muta-
tions in the CDH1 gene have been identified in up
to 40% of cases. E-cadherin is a transmembrane
glycoprotein that is primarily expressed in the
epithelium, and is a key player in the induction
of cell-cell adhesion and in the organization of
epithelial structures by establishing calcium-
dependent homophilic binding at the zonula
adherens. E-cadherin has also been shown to
play important roles in tumorigenesis, cancer pro-
gression, and metastasis. Downregulation of E-
cadherin has been demonstrated to decrease the
strength of cellular adhesion within a tissue,
resulting in an increase in cellular motility,
which allows cancer cells to cross the basement
membrane and to thereby invade surrounding

tissues. Mouse studies revealed that inactivation
of E-cadherin strongly affected gastric epithelial
cell polarity, growth, and differentiation. How-
ever, the loss of E-cadherin is not sufficient for
gastric tumor formation, and loss of other tumor
suppressor genes such as p53 is necessary for the
development of diffuse gastric cancer.

Recent and upcoming high-throughput geno-
mic analysis studies have been revealing many
new mutations and pathways involved in gastric
cancer, and this will result in potential targets for
personalized therapy. Identified genes involved in
gastric tumorigenesis are PIK3CA, P53, APC,
STK11, CTNNB1, CDKN2A, ERBB2, EGFR, and
FGFR2. These studies generally do not distin-
guish between different histological subtypes of
gastric cancer.

Differential Diagnosis

– Hereditary diffuse gastric cancer: advanced
gastric carcinomas of CDH1 mutation carriers
present as diffuse carcinomas and are indistin-
guishable from diffuse sporadic gastric can-
cers. Patient and family history are important
to suspect a genetic cause. The typical
pagetoid-spread of signet ring cells and in situ
lesions have only been observed in patients
with germline CDH1 mutations.

– Conditions that can be confused with signet
ring cell carcinoma include lymphomas,
because of its diffuse growth pattern and
round cell morphology.

– Metastases of malignancies of other organs are
uncommon, but especially metastases from
lobular breast cancer are a pitfall that is easily
missed and mistaken for primary gastric can-
cer. Even though metastases from breast cancer
to the gastrointestinal tract are rare, the stom-
ach is the organ most often involved with inci-
dences varying from 0.1% in retrospective
series up to 10% in autopsy series. Possible
immunohistochemical antibodies with varying
sensitivities and specificities include the
breast markers ER, PR, mammaglobulin, and
BRST-2 or GCDFP-15. Immunohistochemical
stainings favoring gastric cancer include
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CDX-2, MUC5AC, MUC6, CK20, and
HNFA. The marker hepatocyte nuclear factor
4A (HNF4A) was identified as especially spe-
cific in discriminating a breast cancer metasta-
sis (negative) from a primary gastric
adenocarcinoma (positive staining).

– Clear cell carcinoid: these present often as
small yellow nodules, immunohistochemistry
for chromogranin and synaptophysin is posi-
tive in carcinoids.

– Diffuse-type carcinomas may also be mistaken
for a variety of benign processes including
gastritis, reactive endothelial cells, and
xanthomas. Gastric xanthomas consist of
a cluster of lipid-laden macrophages in the
lamina propria. The macrophages show
foamy cytoplasm and contain neutral fats.
They stain positive with Sudan Black and
CD68. Negative stains include PAS and
cytokeratins.
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Histology

Ayca Kirmizi
Department of Pathology, Ankara University
Medical School, Sihhiye, Ankara, Turkey

Synonyms

Small bowel

Anatomy (Macroscopy)

The small intestine is a specialized tubular struc-
ture within the abdominal cavity in continuity
with the stomach proximally and the colon dis-
tally. The small bowel is about 6 m in the adult.
Three subdivisions; “the duodenum, jejunum, and
ileum”are defined and characterized by various
anatomic relationships. The first 25 cm of small
intestine, the duodenum; excluding the most prox-
imal several centimeters, is a fixed, retroperitoneal
structure that forms a C- or U-shape around the
head of the pancreas. Four subdivisions of the
duodenum have been described: (a) the first por-
tion, the duodenal bulb, is the most proximal and
superior segment; (b) the descending or second
portion, which the common bile duct and major
and minor pancreatic ducts empty into the papil-
lae; (c) the horizontal or third portion; and (d) the
ascending or fourth portion. Duodenum ends at
the ligament of Treitz, where it turns to the peri-
toneal cavity. The remainder of the small intestine
is intraperitoneal, until it enters the colon at the

Small Intestine, Anatomy and Histology 641

S



ileocecal valve. Jejenum and ileum are suspended
by a thin, broad-based mesentery in the abdominal
cavity that allows free movement of the small
intestine. No distinct anatomic demarcation exists
between jejunum and ileum. The proximal 40% of
the mobile small intestine is the jejunum, and the
remaining 60% is the ileum. The jejunum
occupies the left upper portion of the abdomen,
and the ileum is positioned in the right lower
portion of the abdomen and upper part of the
pelvis.

Visual examination of the luminal surface of
the small intestine reveals mucosal folds, the pli-
cae circulares (Fig. 1). More numerous in the
proximal jejunum, the plicae circulares decrease
in number in the distal small bowel and are absent
in the terminal ileum. The small bowel is in con-
tinuity with the colon at the ileocecal valve, which
comprises two semilunar lips that protrude into
the cecum. The ileocecal valve provides a barrier
to the retrograde flow of colonic contents into the
small intestine. This barrier appears to be
a function of the angulation between the ileum

and cecum that is maintained by the superior and
inferior ileoceal ligaments, and a true tonic,
sphincter-type pressure does not appear to be pre-
sent in this region.

The superior mesenteric artery delivers oxy-
genated blood to the distal duodenum, the entire
jejunum and ileum. Veins follow the arterial dis-
tribution. The superior mesenteric vein join the
splenic vein to form the portal vein. The lym-
phatic drainage of the small bowel follows their
respective blood supplies to lymph nodes in the
celiac, superior preaortic, and inferior preaortic
regions. Lymphatic drainage proceeds to the cis-
terna chyli and then via the thoracic duct into the
left subclavian vein. Sympathetic neural input to
the small bowel is carried by the celiac and supe-
rior mesenteric plexuses, whereas the parasympa-
thetic supply is derived from distal branches of the
vagus nerve; these both closely follow the arterial
paths into the bowel wall.

Function

Small intestine has important roles at chemical
digestion, absorption of nutrients and as a muco-
sal immune barier.

Microscopy (Hystology)

The wall of the small intestine is composed of four
layers: mucosa, submucosa, muscularis propria
and serosa.

Mucosa
The mucosa is the innermost layer formed by
glandular epithelium, lamina propria, and
muscularis mucosa. The most distinctive feature
of the small intestine is its mucosal lining, which
is designed to provide maximal surface area for
the purpose of food absorption. It is studded with
innumerable villi. These extend into the lumen as
finger-like projections. Between the bases of the
villi are the pitlike crypts of Lieberkühn (intestinal
crypts), which contain stem cells that replenish
and regenerate the epithelium (Fig. 2). The crypts
extend down to the muscularis mucosae. The

Small Intestine, Anatomy and Histology, Fig. 1 A
macroscopic example of small intestine showing mucosal
folds (the plicae circulares)
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villus-to-crypt height ratio is about 4 : 1 to 5 : 1,
but this is variable. For instance at the proximal
duodenum, the villus-to-crypt height ratio may
reach only 2 : 1 to 3 : 1. The lamina propria,
which supports the epithelium, is a layer of retic-
ular connective tissue with elastin, reticulin, and
collagen fibers, lymphocytes, plasma cells
containing primarily IgA, eosinophils, mast
cells, scattered fibroblasts, as well as lymphatics
and capillaries. Smooth muscle is found in the
lamina propria, extending from the muscularis
mucosa vertically. Aggregates of lymphoid folli-
cles are scattered throughout the small intestine
but are found in highest concentration within the
ileum, where they are designated Peyer’s patches.
Peyer’s patches normally are more prominent dur-
ing infancy and childhood. The muscularis
mucosa consists of a thin layer of smooth muscle
at the boundary of the mucosa and submucosa.

The surface epithelium of the small intestinal
villi contains three principal cell types. Columnar
absorptive cells are recognized by the dense array
of microvilli on their luminal surface (the “brush
border”), interspersed regularly between absorp-
tive cells are mucin secreting goblet cells, and
a few endocrine cells. Within the crypts reside
stem cells, goblet cells, more abundant endocrine
cells, and scattered Paneth cells. Paneth cells con-
tain apically oriented, bright eosinophilic granules
that contain growth factors and a variety of anti-
microbial proteins. A certain number of CD3+

intraepithelial T lymphoctes (30 per 100 epithelial
cells) normally are present in the villi.

Submucosa
The submucosa is a fibrous connective tissue layer
that contains fibroblasts, mast cells, blood and
lymphatic vessels, and a nerve fiber plexus
(Meissner’s plexus); composed of nonmyelinated,
postganglionic sympathetic fibers, and parasym-
pathetic ganglion cells. Within the duodenum;
immediately distal to the pyloric channel are
abundant submucosal mucous glands, termed
Brunner’s glands. Brunner’s glands open into the
intestinal crypts and morphologically resemble
pyloric glands. These glands secrete bicarbonate
ions, glycoproteins and pepsinogen II.

Muscularis Propria
The muscularis propria, mainly responsible for
contractility, consists of two layers of smooth
muscle: an inner circular coat and an outer longi-
tudinal coat arranged in a helicoidal pattern.
A prominent nerve fiber plexus called the
myenteric plexus, or Auerbach’s plexus, is found
between these two muscle layers.

Serosa
The serosa is the outermost layer of connective
tissue and covered by a single layer of mesothelial
cells.

Immunohistochemistry

Normal small intestinal mucosa is diffusely posi-
tive for cytokeratin 20 and completely negative
for cytokeratin 7.
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Synonyms

Mucosal prolapse syndrome – part of; SRUS

Definition

Solitary rectal ulcer syndrome (SRUS) is the part
of the spectrum of mucosal prolapse syndrome. It
affects mainly young females with defecation
problems and changed bowel habits. Excessive
and prolonged straining on defecation leads to
rectal mucosal prolapse with secondary ulceration
and polypoid lesions development. Anterior wall
of the rectum is particularly vulnerable to prolapse
on straining, since it is physiologically redundant.
Most of SRUS cases locate at the anterior wall of
the rectum. While the mucosa is impacted to anal
canal, it may become ischemic due to obliteration
of mucosal vessels. Patients with SRUS have rec-
tal bleeding, diarrhea, anorectal pain, pruritus,
abdominal pain, and difficulty in defecating.
These include constipation, straining, increased
laxative use, and incomplete rectal evacuation.

SRUS is a misnomer – patients may have no
ulceration and the lesions may be multiple.

Clinical Features

• Incidence
1–3, 6 per 100,000.

• Age
Young adults in third and fourth decades
of life.

• Sex
Females predominate in patients with SRUS.

• Site
Anterior rectal wall – 4–10 cm from anal verge,
rarely at posterior rectal wall.

• Treatment
Appropriate diet with bulk laxatives and stool
softeners. Regulation of defecation habits with
some psychological consultation. In severe
cases, surgery is required – rectopexy.

• Outcome (Prognosis)
Fifteen percent rate of recurrence after surgical
operation is observed.

Macroscopy

Reddening of mucosa may be the earliest fea-
ture of SRUS syndrome. Then the mucosa
becomes granular and ulcerated. The ulcers
may be multiple or isolated. Polypoid lesions
develop which endoscopically cannot be distin-
guished from adenomas, hyperplastic polyps, or
can mimic elevated lesions of inflammatory
bowel disease.

Endoscopic picture of SRUS is shown in
Fig. 1.

Solitary Rectal Ulcer Syndrome, Fig. 1 Ulceration and
polypoid lesion in SRUS (Courtesy of Dr. J. Pachlewski)
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Microscopy

The diagnostic feature of SRUS is fibromuscular
proliferation, which replace lamina propria of rec-
tal mucosa. Smooth muscle strands are situated
perpendicularly to muscularis mucosae. Their
nature is confirmed by histochemical stains (e.g.,
trichrome stain) and immunohistochemical stains
(desmin). Obliteration of the mucosa by prolifer-
ating muscularis mucosae results in elongation
and dilation of crypts which are lined with imma-
ture basophilic epithelium. Architectural distor-
tion may be significant. The mucosa becomes
hyperplastic, polypoid, and ulcerated. The super-
ficial part of mucosa acquires villous configura-
tion, resembling adenomas.

Mucosal changes include also reactive inflam-
mation, hemosiderin depositions around
congested blood vessels, pronounced epithelial
inflammation, and reaction resembling dysplastic
epithelial changes.

Typical histological pictures of SRUS are
presented in Fig. 2.

Immunophenotype

Desmin stain for proliferating smooth muscles
fibers in lamina propria.

Differential Diagnosis

The solitary rectal ulcer syndrome may be mis-
interpreted as rectal adenoma or even invasive
carcinoma with dramatic consequences for
patient. Tubulovillous growth pattern and regen-
erative atypia may recall neoplastic process. How-
ever, fibromuscular proliferation and the absence
of desmoplastic stromal reaction are against the
diagnosis of neoplasia. The epithelial changes are
of hyperplastic/regenerative type, which should
be critically judged.

SRUS may be erroneously diagnosed as IBD –
particularly when the ulcers are the case and the
superficial layer of the mucosa is available.
Fibromuscular proliferation may not be evident
in these specimens, and the additional stains are
of value.

Fibromuscular proliferation may resemble
Peutz-Jeghers, but it is organized in perpendicular
fashion rather than displaying arborizing architec-
ture characteristic for Peutz-Jeghers polyps.
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Solitary Rectal Ulcer Syndrome, Fig. 2 (a) Histology of SRUS. Superficial villiform part is eroded, crypts are
distorted. (b) Proliferating muscularis mucosae penetrates between distorted crypts
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Squamous Cell Carcinoma, Anus
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Synonyms

Epidermoid carcinoma

Definition

Anal squamous cell carcinoma is a malignant epi-
thelial tumor of the anal canal, composed of squa-
mous-type epithelium, showing keratinization
and/or intercellular bridges.

Clinical Features

Most patients present with anorectal bleeding.
Other symptoms include anorectal pain and mass
sensation. Tenesmus and fecal incontinence can
suggest tumor invasion into the anal sphincters.
Weight loss, inguinal adenopathy, and
rectovaginal fistula are indicators of an advanced
disease. At presentation, 30–50% of patients have
a locally advanced disease with a mean tumor
size of 3–4 cm. Clinically suspicious inguinal
adenopathy can be found in 10–20% patients dur-
ing physical examination, and this increases to
30–60% when the tumor is larger than 5 cm. Mis-
diagnosis and delay in diagnosis are common,
because presenting symptoms are often non-
specific and similar to the symptoms of benign
anal diseases such as hemorrhoids or fissures.

• Incidence
Anal squamous cell carcinoma is a rare disease
with an incidence of 1.5 per 100,000 people in
Western industrialized countries. Its incidence
has increased in recent years. The incidence

rate of squamous cell carcinoma in the USA
has increased by approximately 1.9 fold for
men (notably for men having sex with men)
and 1.5 fold for women, from 1973–1979 to
1994–2000. There is a marked increase in the
male homosexual population, with incidence
rates reported as high as 37 per 100,000 men.

• Etiology
Various etiologies are implicated in squamous
cell carcinoma development, the most signifi-
cant being human papilloma virus. HPV infec-
tion is found in 80–90% anal squamous cell
carcinomas, predominantly oncogenic type 16
(detected in approximately 70% cases) and
type 18. But other high-risk HPV subtypes
can also be found such as HPV 31, 33, 35,
39, 45, 50, 51, 53, 56, 58, 59, 68. Anal inter-
course is among the presumed mechanisms by
which HPV is introduced into the anal canal.
Other risk factors for the occurrence of squa-
mous cell carcinoma include an increasing
number of sexual partners, a history of
anogenital warts, previous lower genital tract
dysplasia or carcinoma, a history of smoking,
HIV seropositivity, low CD4 count, and immu-
nosuppression following solid organ transplant
and immune disorders. Benign lesions of the
anal canal such as fissures, fistulae, abscesses,
and hemorrhoids have been hypothesized to
increase the risk of anal squamous cell carci-
noma due to chronic irritation of the tissues;
however, this hypothesis has never been con-
firmed. In HIV-positive patients, highly active
antiretroviral therapy (HAART) has no protec-
tive effect on the development of anal squa-
mous cell carcinoma, contrary to what is
observed in other HIV-associated tumors.

• Age
Squamous cell carcinoma usually occurs in
the sixth or seventh decade of life. It can
occur in younger patients when they are
immunocompromised.

• Sex
Anal squamous cell carcinoma occurs more
frequently in women than in men. But the
incidence is much higher in men who practice
anoreceptive intercourse and in those with HIV
seropositivity.
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• Site
Anal squamous cell carcinoma originates from
the squamous epithelium of the lower part of
the anal canal, of the anal transitional zone, or
of the hair-bearing perianal skin.

• Treatment
Treatment of anal squamous cell carcinoma
relies on chemotherapy (5 fluorouracil and
mitomycin) associated with radiation therapy
(45–59 Gy, with the total dose delivered and
the irradiation fields determined by tumor
stage) (Cacheux et al. 2012). Abdomino-
perineal resection is nowadays reserved as sal-
vage therapy for those individuals with
persistent disease, with biopsy-proven evi-
dence of locoregional progressive or recurrent
disease, after combined chemoradiation.

For patients with metastatic disease at
presentation, the standard treatment is
exclusive chemotherapy (cisplatin-based
chemotherapy with 5FU) or clinical trials.
Colostomy is sometimes indicated in the case
of sphincter destruction by the tumor with
severe incontinence.

HIV-positive patients may be treated with
the same regimen as HIV-negative patients.
However, dosage adjustment has to be
performed in some cases due to more frequent
complications and toxicity.

Trials are underway with agents targeting
the EGF receptor, anti-angiogenic agents, tyro-
sine kinase inhibitors, or molecules targeting
other intracellular signaling pathways (PI3
kinase or mTOR inhibitors).

Sentinel lymph node biopsy is a feasible
technique in the management of anal squa-
mous cell carcinoma. It could improve disease
staging and may be useful to select patients for
inguinal radiation. However, further prospec-
tive studies are needed to assess the clinical
impact of this procedure.

The efficacy of HPV prophylactic vaccines
in preventing anal squamous cell carcinoma
still has to be assessed.

Recommendations for the primary treat-
ment of anal margin cancer are similar. The
exception is for small well-differentiated
anal margin squamous cell carcinomas which

can be treated with margin-negative local exci-
sion alone.

• Outcome
With the chemoradiotherapy regimen, com-
plete response is obtained in 70% patients
(64–86%) and the 5-year overall survival rate
is 75% (66–92%). Locoregional failures rates
vary between 16% and 42%. One half of
patients with locoregional failure are consid-
ered to have persistent disease after
chemoradiotherapy and the other half to have
true local recurrences.

Persistent disease is defined as a tumor
which remains evident after maximal
treatment response or a tumor that recurs
within 6 months of a complete response.
Recurrent disease is defined as lesions that
reappear 6 months or longer after a complete
clinical response. Approximately 80% true
local recurrences occur in a 2-year follow-up.

The 5-year survival following salvage sur-
gery for persistent squamous cell carcinoma
following chemoradiation is 31–33% com-
pared with 30–82% in patients operated for
a true recurrence. Predictors of a poor
outcome following surgery are positive surgi-
cal margins, inguinal lymph node status, tumor
size larger than 5 cm, adjacent organ involve-
ment, male gender, and comorbidities. In the
era of highly active antiretroviral therapy, the
outcome after chemoradiotherapy for HIV-
related cancers is comparable to that for
patients without HIV, although there may be
significant toxicity.

The incidence of lymph node metastasis is
approximately 10% at diagnosis but can
increase to 20–60% for T4 lesions. Metastatic
disease develops in 10–17% of patients treated
with chemoradiation therapy. The most com-
mon sites of distant metastases are the liver and
the lungs. Only 10% patients with distant
metastases survive 2 years after the diagnosis.

Macroscopy

Squamous cell carcinoma presents as an ulcerated
or polypoid, exophytic, firm, and whitish mass
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(Fig. 1). It usually measures from 1 to 5 cm in
diameter at diagnosis. Extension to the vagina,
bladder, or prostate affects 20% of patients.

Microscopy

Histologic subtyping of anal squamous cell carci-
noma was recommended in the past and included
large-cell keratinizing squamous cell carcinoma,
large-cell nonkeratinizing squamous cell carci-
noma, and basaloid carcinoma (also referred to
cloacogenic carcinoma). In practice, very com-
monly a single tumor shows mixtures of areas
with different histological features. The histologic
subtyping is difficult for pathologists, with a poor
diagnostic reproducibility, and finally lacks prog-
nostic significance. Histological features do not
correlate with HPV type, although some studies
have shown that the presence of HPV16 and 18
was more frequently associated with squamous
cell carcinoma with basaloid features and absent
keratinization.

The WHO now recommends that the generic
term “squamous cell carcinoma” be used for all
these variants, accompanied by a comment
describing those histopathological features that

may possibly affect the prognosis: degree of dif-
ferentiation and keratinization, basaloid features,
presence of mucinous microcysts, and size of
predominant neoplastic cells.

Keratinizing squamous cell carcinoma consists
of nests of round or polygonal medium or large
cells surrounded by desmoplastic and sometimes
inflammatory stroma (Fig. 2). Tumor cells have
eosinophilic or clear cytoplasm. Nuclei are
enlarged, with irregular shapes and hyper-
chromatic or vesicular chromatin, with often
prominent nucleoli. Mitoses are often scanty.
Tumor cells often show discernible intercellular
junctions, and there is central keratinization in the
tumor nests, with lamellar keratin pearls.

Nonkeratinizing squamous cell carcinoma
accounts for 80% anal carcinomas. Transitional
cell variant resembles transitional cell carcinomas
of the urinary bladder, and consists of larger elon-
gated cells with clear or slightly eosinophilic cyto-
plasm, arranged in anastomosing cords and
islands, sharply demarcated from the surrounding
stroma. The basaloid or cloacogenic variant
consists of nested and trabecular growth of small
cells, with basophilic cytoplasm and without the
intercellular bridges typical of conventional squa-
mous cell carcinoma. Inconsistently tumor cells
show a peripheral palisading, similar to that
observed in cutaneous basal cell carcinoma with
retraction artifact (Fig. 3). Central eosinophilic

Squamous Cell Carcinoma, Anus, Fig. 1 Anal squa-
mous cell carcinoma, presenting as a large fungating lesion

Squamous Cell Carcinoma, Anus, Fig. 2 Well-
differentiated keratinizing squamous cell carcinoma of
the anus
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necrosis and mitotic features may be prominent,
but cellular pleomorphism is not typical. Small
foci of more conventional squamous differentia-
tion are frequent. Some tumors may grow in lob-
ules and contain prominent eosinophilic hyaline
paucicellular basement membrane-like material
around and within tumor nests, resulting in an
appearance simulating that of an adenoid cystic
carcinoma. Tumors can also have small cystic foci
lined by mucin-producing cells, similar to
mucoepidermoid carcinoma, microscopic features
of which seem to be correlated with a poorer
prognosis.

The small cell/anaplastic variant consists of
nests and compact masses of small cells with
high mitotic activity and diffuse infiltration of
the surrounding stroma, without expression of
neuroendocrine markers. This entity is distinct
from small “oat” cell carcinoma or poorly
differentiated neuroendocrine carcinoma but
seems to have a poorer prognosis.

The sarcomatoid pattern is very rare with a
polypoid tumor in the anal canal, poorly
differentiated and consists of sheets of atypical
round and spindle cells, that may show
evidence of neuroendocrine and rhabdomyo-
blastic differentiation.

Differentiation of squamous cell carcinoma is
based mainly on the extent of keratin production
and cell cohesion. Well-differentiated squamous
cell carcinomas have a close resemblance to

normal squamous epithelium and contain round
or polygonal cells with intercellular bridges
and full keratinization, mitoses are scanty.
Moderately differentiated squamous cell carci-
nomas have less keratinization and more nuclear
pleomorphism, with more numerous mitoses
including abnormal mitoses. Keratinization and
intercellular bridges are minimal and barely dis-
cernible in poorly differentiated carcinomas,
with a higher nuclear pleomorphism, numerous
mitoses, central necrosis, and basaloid features.

Verrucous carcinoma/giant condyloma of
Buschke and Löwenstein is a particular variant
of anal and perianal squamous cell carcinoma,
described in a specific entry.

Immunophenotype

Squamous cell carcinoma expresses cytokeratin 5/
6 and p63 protein (a p53 protein homologue)
(Fig. 4). Poorly differentiated squamous cell car-
cinoma expresses cytokeratins such as CK7, CK8,
CK18, and CK19. With increasing degrees of
differentiation, squamous cell carcinoma stains
positive with keratin subtypes associated with
stratification and cornification, such as CK1,
CK4, CK10, CK13, and CK16. Most squamous
cell carcinomas of the anal canal show a diffuse
nuclear and cytoplasmic stain for p16, due to an
associated high-risk HPV infection.

Molecular Features

Carcinogenesis of squamous cell carcinoma of the
anal canal is principally linked to HPV infection.
The viral DNA integration leads to the over-
expression of viral oncoproteins E6 and E7 that
silence important tumor-suppressor proteins in
normal cells, implicated in the normal cell cycle
regulation, namely, p53 and Rb, and over-
expression of other proteins, notably p16. Specific
gene mutations or translocation have not yet been
identified. EGFR mutations are absent or rare in
squamous cell carcinoma of the anus.

Squamous Cell Carcinoma, Anus, Fig. 3 Basaloid type
squamous cell carcinoma of the anus
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Differential Diagnosis

The main differential diagnoses of poorly
differentiated squamous cell carcinoma of the
anal canal include neuroendocrine carcinoma,
poorly differentiated adenocarcinoma, and malig-
nant melanoma.

Morphologic diagnostic clues are the presence
of keratin pearl formation in squamous cell carci-
noma, gland formation in adenocarcinoma, and
brown-black melanin pigment in the cytoplasm
of tumor cells in melanoma. However, poorly
differentiated tumors can look similar in small
biopsies and a panel of immunostains is often
useful for differential diagnosis.

Squamous cell carcinoma expresses
cytokeratins 5/6 (but poorly differentiated

squamous cell carcinoma can lose cytokeratin
5/6 expression) and p63 (Fig. 4). They some-
times focally express cytokeratin 7. They stain
negative for neuroendocrine markers, syn-
aptophysin and chromogranin A, and mela-
noma markers, S100 protein, HMB-45, and
melan-A.

Anal adenocarcinoma stains positive for
cytokeratin 7 and/or cytokeratin 20. In some
cases, they can express cytokeratin 5/6 focally
and rarely p63. But immunohistochemical
staining for p63 is a highly specific and useful
tool in the diagnosis of squamous cell carcinoma
of the anal canal, with a specificity of 98%.
PAS and mucicarmine stains may also highlight
intra- and extracellular pools of mucin in
adenocarcinoma.

Squamous Cell Carcinoma, Anus, Fig. 4 Poorly differentiated squamous cell carcinoma of the anus (a), showing
strong expression of cytokeratin 5/6 (b) and p63 protein (c)
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Synonyms

Benign papillomata; Malpighian papilloma

Definition

The upper gastrointestinal tract squamous papil-
loma described in this section will address exclu-
sively the esophageal squamous papilloma.
Anatomically, one could argue if pharyngeal
squamous papilloma could also be included in
this section, but it will be discussed in the squa-
mous papilloma of the upper respiratory
tractsection.

Esophageal squamous papilloma is a benign
polypoid lesion that usually presents with

a wart-like configuration at upper endoscopy. In
general, the microscopic appearance of esopha-
geal squamous papilloma is composed of
a stromal core of lamina propria lined by mature
stratified squamous epithelium.

Clinical Features

• Incidence
Esophageal squamous papilloma is an uncom-
mon lesion with less than 200 cases described
in the worldwide literature.

The estimated incidence varies between
0.01% and 0.45%, in endoscopic series, while
studies based on autopsies series reveal
a prevalence of 0.006–0.04% of the general
population (Brandt 2011; Odze et al. 1993).

Esophageal squamous papilloma is usually
a rare incidental finding at autopsy or at upper
gastrointestinal endoscopy in asymptomatic
patients with no characteristic symptoms.

There are no specific symptoms associated
with esophageal squamous papilloma. The non-
specific described symptoms include dyspha-
gia, dyspepsia, heartburn, gastro-esophageal
reflux, which are not directly connected with
the papillomatous lesion and are usually the
reason for endoscopy. Therefore, the endo-
scopic resection of the lesion, usually, does not
relieve the symptoms.

Esophageal squamous papilloma underly-
ing etiology is unknown. There are two pro-
posed theories regarding different etiologic
mechanisms for squamous papilloma, which
include a hyper-regenerative response to
mucosal irritations (probably trauma, esopha-
gitis, chemicals, or gastro-esophageal reflux
disease), and alternatively, a viral etiology
related to human papilloma virus (HPV) infec-
tion (Kanth and Go 2011; Odze et al. 1993).
Some authors defend a multistep mechanism in
which these etiologic factors could act syner-
gically in squamous papilloma pathogenesis.

• Age
Typically squamous papilloma occurs in adults
over 50 years old, although the reported cases
have a wide range of age at presentation,
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varying between 10 and 90 years old (Rebeuh
et al. 2011; Gomez et al. 1997).

• Sex
Males are more commonly affected than
females with a ratio of 1.8:1. Women have
usually older age than men (Lewin and
Appelman 1995).

These data regarding age and gender is prob-
ably related to the profile of the population
submitted to gastro-esophageal endoscopy.

• Site
The lower segments of the esophagus (middle
and distal thirds) are the more frequently
involved.

• Treatment
Treatment options include endoscopic resection
with diathermic snare or conservative approach
with periodic endoscopic and observation.

• Outcome
Squamous papilloma is a benign lesion with no
proven malignant potential and there are, cur-
rently, no guidelines for its management
(Kanth and Go 2011).

Only very rarely, large squamous papillo-
mas have been associated with malignant
transformation (Attila et al. 2009). However,
whether these lesions represent de novo carci-
nomas from the onset or true malignant trans-
formation of a squamous papilloma is still
a matter of discussion.

Macroscopy

Usually, esophageal squamous papilloma appears
as a single esophageal mucosa lesion.

The endoscopic (macroscopic) appearance of
this lesion is usually of a round lesion with
well-defined outlines that tell apart from the
surrounding tissue.

Three morphologic variants have been
described. The exophytic variant has an
endoscopic picture of an elevated sessile polypoid
formation, with a warty-like outline, while the
endophytic and spiked variants have the appear-
ance of non-polypoid flat lesions, with a smooth
surface in the former and a verrucous covering in
the latter (Mosca et al. 2001).

Papillomas are usually of small dimension (less
than 0.6 cm) but cases of giant papillomas up to
6.8 cm have been reported (Tabatabaei et al. 2009).

Some of the reported cases exhibited multiple
lesions, which has been described with the
designation of esophageal papillomatosis
(Attila et al. 2009; Waterfall et al. 1978).

Microscopy

Histologically, esophageal squamous papilloma
has a branched fibro-vascular core of lamina pro-
pria covered by a benign acanthotic squamous
epithelium with a well-defined basal layer and
a mature appearance toward the surface.

The three different forms of squamous
papilloma described in the literature are divided
according to their different growth patterns: exo-
phytic, endophytic, and spiked (Odze et al. 1993;
Lewin and Appelman 1995; Odze and Goldblum
2009).

The exophytic type is the more common one.
At endoscopy, these lesions appear as cauliflower-
like polypoid lesions arising in the esophageal
mucosa (Fig. 1). Histologically, the exophytic
type has a branching core of lamina propria pro-
ducing fronds lined by squamous epithelium giv-
ing a finger-like acuminate configuration (Fig. 2).
Sometimes squamous papilloma exophytic type
appears to have a narrow stalk by which the polyp

Squamous Papilloma, Upper Gastrointestinal Tract,
Fig. 1 Exophytic squamous papilloma – the endoscopic
appearance of a polypoid, wart-like mucosal lesion
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is attached to the mucosa. The squamous epithe-
lium may be of any thickness, but it is usually
normal or slightly diminished. The number of
branches varies with some polyps having two to
three and others a complex branching system
(Fig. 3). Exophytic squamous papillomas occur
most frequently in the distal esophagus, but they
also can occur in the middle and upper esophagus
as well.

In the endophytic type of papilloma, the lamina
propria has a bulbous round configuration
covered by squamous epithelium with an inverted

papillomatous growth pattern (Figs. 4 and 5).
The endoscopic appearance of this variant is usu-
ally of a non-polypoid lesion with a round,
smooth surface contour similar to that of an
inverted papilloma (Fig. 6). Some investigators
believe these represent an inflammatory or fibro-
epithelial polyp.

The third variant is the least common, called
spiked squamous papilloma, which has a lamina

Squamous Papilloma, Upper Gastrointestinal Tract,
Fig. 2 Exophytic squamous papilloma – microscopic
appearance (5�). This lesion is composed of a branching
core of lamina propria producing fronds lined by squamous
epithelium giving a finger-like acuminate configuration

Squamous Papilloma, Upper Gastrointestinal Tract,
Fig. 3 Exophytic squamous papilloma – microscopic
appearance (10�). Narrow branching fibro-vascular stalks
are covered by squamous epithelium of variable thickness
that is usually normal or slightly diminished

Squamous Papilloma, Upper Gastrointestinal Tract,
Fig. 4 Endophytic squamous papilloma – microscopic
appearance (5�). This lesion is composed of a lamina
propria with bulbous round configuration covered by squa-
mous epithelium with an inverted papillomatous growth
pattern

Squamous Papilloma, Upper Gastrointestinal Tract,
Fig. 5 Endophytic squamous papilloma – microscopic
appearance (20�). The lesion is composed of non-
branching fibro-vascular stroma lined by squamous
epithelium
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propria that forms stromal spikes covered by
hyperplastic squamous epithelium with hyperker-
atosis and a prominent granular cell layer,
giving an endoscopic verrucoid non-polypoid
appearance.

Squamous epithelium of esophageal squamous
papilloma may have koilocytic-like features, and
sometimes even binucleated cells can be observed.
These features overlap with the ones that are so
typical of the HPV-infected squamous cells,
although one should refer that in esophageal
squamous papilloma, the squamous cells usually
lack the large hyperchromatic nuclei otherwise
seen in the HPV-infected squamous cells. (Odze
et al. 1993; Lewin et al. 1995). These koilocytic-
like features of the squamous cells have not been
described in the spiked type of esophageal squa-
mous papilloma.

Inflammation of the lamina propria is another
feature that can be observed in esophageal squa-
mous papillomas; usually, the inflammatory infil-
trate is composed mainly of neutrophils with
occasional lymphocytes or eosinophils. This
inflammatory component is mainly observed in
the exophytic and endophytic variants, in which
the inflammatory intensity may vary from mild to
severe with a variable involvement of the surface
epithelium.

Immunophenotype

Immunohistochemical studies performed in
esophageal squamous papilloma lesions revealed
that there is a basal and focal expression of p53 in
about 90% of cases. Positive expression of p16
was present in less than 45% of cases and the Ki67
proliferative index was found to be usually
between 10% and 30% (Bohn et al. 2008;
Takeshita et al. 2006).

Molecular Features

Supporting a viral etiology, studies to detect HPV
DNA (using Polymerase Chain Reaction (PCR) or
Southern Blot methods) in upper gastrointestinal
tract squamous papillomas showed a variable per-
centage of HPV positive cases, between 10.5%
(Takeshita et al. 2006) and 87.5% (Bohn et al.
2008).

Most of esophageal squamous papillomas are
HPV 16 type positive. A combination of HPV type
16 and HPV type 18 positivity is observed in fewer
cases and only very rarely are both HPV type 6 and
HPV type 11b detected (Odze et al. 1993).

Features associated with a higher probability of
HPV positivity in esophageal squamous
papillomas include: exophytic growth pattern,
location in the upper or mid esophagus, younger
age at presentation, and female gender, while
esophageal squamous papilloma presented in
patients with gastro-esophagic reflux disease is
usually associated with a lower prevalence of
HPV positivity (Odze et al. 1993; Bohn et al.
2008; Takeshita et al. 2006).

Differential Diagnosis

The differential diagnosis that should be
considered would include dysplastic squamous
epithelium or squamous cell carcinoma. It is man-
datory to exclude the latter entities since they
could arise in the same anatomic location as
esophageal squamous papilloma, although one
should remember that squamous cell carcinoma
of the esophagus tends to arise in older patients,

Squamous Papilloma, Upper Gastrointestinal Tract,
Fig. 6 Endophytic squamous papilloma – the endoscopic
appearance is of a round smooth contour, non-polypoid
mucosal lesion
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with a mean age of incidence of about 10 years
older (Lewin and Appelman 1995).
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Tropical Sprue

Arzu Ensari
Department of Pathology, Ankara University
Medical School, Sihhiye, Ankara, Turkey

Synonyms

Non-celiac sprue; Postinfectious sprue; Post-
infective tropical malabsorption

Definition

Tropical sprue (TS) is a rare acquired enteropathy
of unknown etiology, characterized by
malabsorption, multiple nutritional deficiencies,
and mucosal abnormalities in the small bowel
mainly occurring among the individuals living in
or visiting the tropical countries. Tropical sprue
results from a nutritional deficiency, or
a transmissible microorganism and/or a toxin.
Malabsorption is usually initiated by an infection
followed by colonization of the small bowel by
enterotoxigenic bacteria. Several microorganisms
have been suspected, but none are common to all
patients. Genetic or ethnic predispositions have
also been suggested. Symptoms of TS include
chronic non-bloody diarrhea, weight loss,
bloating, and abdominal cramps. Physical exami-
nation may reveal pallor, angular stomatitis,

glossitis, mouth ulcers, and peripheral edema
due to protein deficiency. Anemia related to B12

and folic acid deficiencies is common.

Clinical Features

• Incidence
The incidence varies considerably with geog-
raphy. It occurs mostly in Southeast Asia and
the Caribbean accounting for 40% of cases of
diarrhea.

• Age
It tends to affect adults but can also occur in
children.

• Sex
There is no predilection for either gender.

• Site
The entire small bowel including the terminal
ileum is affected in tropical sprue.

• Treatment
Management involves restoration of fluid and
electrolytes and repleting vitamin deficiencies.
A quick and dramatic response to folate therapy
is frequently observed in TS which is considered
to be diagnostic. Antibiotics, including tetracy-
cline and doxycycline, are commonly used.

• Outcome
Untreated disease runs a chronic, relapsing
course. However, treatment is associated
with a good prognosis. Travelers returning to
nontropical regions will generally recover
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completely after treatment. Relapse rates of
20–50% are seen in people living in endemic
areas.

Macroscopy

The endoscopy is usually normal except in a small
percentage of cases showing villous abnormalities
such as fusing and broadening of the villi, all
reminiscent of celiac disease.

Microscopy

The mucosal lesion is similar to CD with varying
degree of villous blunting, though completely flat
mucosa is rare. Crypt hyperplasia together with an
increase in lamina propria lymphocytes, plasma
cells, neutrophils, and eosinophils as well as
intraepithelial lymphocyte (IEL) (Figs. 1 and 2)
which are more prominent in the crypts than the
surface epithelium is usually present. In severe
cases, decreased mitotic activity is combined
with a lack of epithelial maturation. The cells
become cuboidal and mucin-depleted and accu-
mulate fat droplets in their cytoplasm. Megalo-
blastic change can be seen due to B12 and folate
deficiencies. In some cases, features of chronicity
such as mucin cell metaplasia and crypt distortion
may be seen.

Immunophenotype

There is no specific immunophenotypic feature.

Molecular Features

There is no specific molecular feature.

Differential Diagnosis

The histologic changes in TS are nonspecific
and can be seen in a variety of conditions
causing malabsorption. Therefore, the differential

diagnosis of TS includes secondary malabsorp-
tion due to protozoal (e.g., giardial), helminthic,
bacterial, or viral infections, celiac disease,
especially when children are affected, Crohn’s
disease, tuberculosis of the gut without
pulmonary manifestations, diseases of the
pancreas, and AIDS enteropathy.
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Tropical Sprue, Fig. 2 Increased IELs and neutrophils in
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Synonyms

Intestinal-type adenocarcinoma

Definition

Tubular adenocarcinoma is one of the five main
types of gastric adenocarcinoma in the WHO
classification scheme and represents the most
common type of gastric adenocarcinoma.
Together with papillary carcinoma and (part of)
mucinous carcinoma, tubular carcinoma repre-
sents intestinal-type adenocarcinoma in the
Laurén classification. Tubular adenocarcinomas
are made up of simple or branching tubules resem-
bling colorectal carcinoma and less commonly
small, acinar structures sometimes resembling
antral glands.

Gastric cancer has a complex pathogenesis, in
which several factors are involved including
a familial risk and environmental factors, with
the strongest known risk factor being chronic

gastritis induced by H. pylori infection. In 1994,
the WHO classified H. pylori as a class
I carcinogen based mainly on epidemiological
evidence for its role in the pathogenesis of gastric
adenocarcinoma. Several bacterial virulence fac-
tors define the malignant potential of each
H. pylori strain. Host genetic factors contribute
to the regulation of the inflammatory response and
in the aggravation of mucosal damage. Other
identified harmful environmental factors include
high salt intake and smoking of tobacco. Ingestion
of fruit and vegetables possibly has some protec-
tive effect.

Clinical Features

The clinical history of tumor-related symptoms is
usually of recent date with alarm symptoms
including weight loss, anemia, nausea, vomiting,
and loss of appetite.

• Incidence
Gastric adenocarcinoma is the fifth most com-
mon cancer worldwide and the third leading
cause of cancer death with about 700,000
patients dying each year. The incidence
shows an impressive decrease in certain areas
in the world. The intestinal type gastric adeno-
carcinoma predominates in high-incidence
countries (defined as >60 gastric cancers per
100 000), including eastern Asia, Eastern
Europe, and central and Latin America, while
the diffuse type is relatively more common in
low-incidence areas (defined as <15 gastric
cancers per 100 000) including North America
and northern Europe.

• Age
Incidence of gastric cancer progressively
increases with age, with peak incidence
occurring at 60–80 years and is rare in persons
younger than 30 years.

• Sex
Males are more frequently affected than
females.

• Site
The majority (50–60%) of gastric carcinomas
is located distally in the antrum and pylorus,
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followed by the cardia (25%) and the corpus or
fundus (15–25%).

• Treatment
Complete resection remains the only curative
therapy with evidence for increased survival
with the addition of perioperative chemother-
apy. The therapy regimen of gastric cancer
depends on characteristics, stage, location,
and genetics (for instance, HER2 status). Diag-
nostics should lead to accurate initial staging
and assessment of treatment response. Imaging
techniques, including multidetector CT, EUS,
and PET-CT, should provide staging assess-
ment according to the TNM classification.
The incidences of lymph node metastases and
distant metastasis are high; therefore, initial
assessment must establish the presence or
absence of distant disease.

Surgery represents the standard form of cura-
tive therapy aiming to excise the primary tumor
with clear longitudinal and circumferential mar-
gins. Early, limited gastric mucosal cancer can
be treated with endoscopic mucosal or submu-
cosal dissection. Advanced carcinomas should
be treated according to the location, distally by
subtotal gastrectomy and proximally by total
gastrectomy. Cardiac tumors should be treated
by trans-hiatal extended total gastrectomy or
esophageo-gastrectomy. The extent of
lymphadenectomy should be tailored to the
age and fitness of the patient together with the
location and stage of the cancer. The distal
pancreas, spleen, and splenic nodes should be
removed only when there is direct invasion and
still a chance of a curative procedure in patients
with carcinoma of the proximal stomach. Lim-
ited gastric resections should only be used for
palliation or in the very elderly and may
improve survival and quality of life. If patients
present with gastric outlet obstruction and
a curative intent is impossible, the use of
a stent can be considered.

Chemotherapy, either alone as a periopera-
tive treatment, or in combination with radiation
therapy in an adjuvant setting, improves
the clinical outcome for patients with resectable
tumors. Neoadjuvant chemotherapy leads to
downstaging but does not result in a significant

improvement in overall survival. Adjuvant che-
motherapy alone is currently not standard prac-
tice in the treatment of gastric cancer but leads
to survival benefits in Asian populations and
should be considered in patients at high risk of
recurrence who have not received neoadjuvant
therapy. Intraperitoneal chemotherapy remains
investigational. Palliative chemotherapy can be
considered taking into account performance
status and patient preference.

In patients suffering from metastatic disease,
chemotherapy and targeted therapies play
a major role in improving survival and quality
of life compared with best supportive care. The
HER-2 proto-oncogene is an important target in
the therapeutic approach of gastric adenocarci-
noma. HER-2 encodes a transmembrane tyro-
sine kinase receptor and is highly expressed
in malignant gastrointestinal neoplasias.
Trastuzumab, a monoclonal antibody against
HER-2, was shown to be beneficial in combina-
tionwith chemotherapy for first-line treatment of
HER-2-positive advanced gastric cancer.

• Outcome
The prognosis of early gastric cancer is good;
however, this is predominantly seen in Asian
countries, owing to active screening pro-
grams. In Western countries, approximately
80–90% of patients are diagnosed at an
advanced stage with high recurrence rates
after curative intent therapy. The outlook for
advanced gastric cancer remains poor, with
median overall survival generally under
12 months. The reported 1-year and 5-year
survival rates of advanced gastric cancer are
42% and 24% respectively.

Macroscopy

The growth pattern of gastric carcinoma is com-
monly described according to the Borrmann classifi-
cation, subdividing polypoid (type I), fungating (type
II), ulcerating (type III), and diffusely infiltrating
(type IV) growth patterns. Advanced tubular carci-
nomas commonly appear as well-circumscribed pol-
ypoid, fungating masses with or without surface
ulceration (Borrmann type I or II).
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Microscopy

Tubular adenocarcinoma isoneof thefivemain types
of gastric adenocarcinoma in theWHOclassification
and resembles colorectal adenocarcinoma.The tubu-
lar type is composedof dilated andbranching tubules
(Figs. 1–3). The glands are of varying diameter, may
be cystically dilated and may contain mucin and
inflammatory debris. Certain tubular adenocarci-
nomas aremadeupofmainly small, acinar structures
resembling antral glands. Adenocarcinomas cont-
aining both glandular and solid structures are
included under tubular carcinomas.

The glands of tubular adenocarcinoma are com-
posed of columnar, cuboidal, or flattened tumor cells

that contain variable amounts of intracytoplasmic
mucin. Occasional psammoma bodies may be
found. The degree of cytonuclear atypia varies from
low- to high-grade with also various degrees ofmito-
ses. Desmoplastic stroma is surrounding the glands.

A poorly differentiated variant of tubular car-
cinoma with only few gland-like structures is
called solid carcinoma. A clear cell variant has
also been recognized. Tumors with prominent
lymphoid stroma are sometimes called carcinoma
with lymphoid stroma, medullary carcinoma, or
lymphoepithelioma-like carcinoma.

Surrounding gastric mucosa often shows fea-
tures of chronicHelicobacter pylori gastritis, with
lymphoid inflammatory infiltrate, atrophy, and
intestinal metaplasia.

Immunophenotype

Gastric carcinomas are positive for pankeratin
staining with varying degrees of CK7 and CK20
positivity. CK18 or CAM5.2 is most often nega-
tive. Gastric carcinomas may express Hep Par 1,
heterogeneous CDX-2, MUC2, and MUC5AC.

Molecular Features

Gastric cancers are characterized by genetic and
epigenetic changes that affect tumor suppressor

Tubular Adenocarcinoma, Fig. 1 Tubular adenocarci-
noma extending into the muscularis propria composed of
glands of various sizes with luminal inflammatory debris
(Original magnification 50�)

Tubular Adenocarcinoma, Fig. 2 Tubular adenocarci-
noma with poorly formed branching glands (Original mag-
nification 50�)

Tubular Adenocarcinoma, Fig. 3 Detail of tubular ade-
nocarcinoma with perineural invasion (Original magnifi-
cation 100�)
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genes, oncogenes, and mismatch repair genes.
Consequently, deregulation of cellular prolifera-
tion, adhesion, differentiation, signal transduc-
tion, telomerase activity, and DNA repair have
been reported.

Chromosomal instability may manifest as gain
or loss of whole chromosomes (aneuploidy) or
parts of chromosomes (loss of heterozygosity,
translocations, and amplifications). Comparative
genomic hybridization analysis has revealed
many DNA copy number variations. Microsatellite
instability is seen in 15–20% of gastric cancers,
with a higher frequency in familial cases. Muta-
tions in oncogenes include KRAS in intestinal-type
gastric cancer and overexpression of HER-2, a cell
surface receptor of the tyrosine kinase family.
Tumor suppressor genes p53, PTEN, RUNX3 are
frequently inactivated in gastric carcinomas. Stud-
ies applying exon sequencing identified frequent
somatic mutations in the ARID1A gene which is
involved in processes of DNA repair, differentia-
tion, development and has a regulatory role in
proliferation. Other identified genes involved in
gastric tumorigenesis are PIK3CA, APC, STK11,
CTNNB1, CDKN2A, ERBB2, EGFR, and FGFR2.
Tubular adenocarcinomas can be subdivided,
depending on the molecular abberations, into
Epstein-Barr virus-infected tumors, microsatellite
unstable tumors and chromosomally unstable
tumors according to the molecular classification
of The Cancer Genome Atlas. See more details
in the entry “▶Adenocarcinoma, Upper Gastroin-
testinal Tract”.

Differential Diagnosis

Early, limited gastric mucosal tubular adenocarci-
noma may be difficult to differentiate from high-
grade dysplasia.
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Synonyms

Congenital enteropathy; Congenital familial
intractable diarrhea with enterocytes assembly
abnormalities; Congenital tufting enteropathy;
Intestinal epithelial dysplasia

Definition

Tufting enteropathy (TE), also known as intestinal
epithelial dysplasia (IED), is a congenital enter-
opathy presenting with early-onset severe intrac-
table diarrhea and persistent villous atrophy
with low or no mononuclear cell infiltration of
the lamina propria but specific histological
abnormalities involving the epithelium. TE is
a rare cause of severe diarrhea in the first week
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of life accompanied with various dysmorphic fea-
tures including choanal atresia, oesophageal/rec-
tal atresia in some of the affected infants.
Nonspecific punctuated keratitis was reported in
more than 60% of patients. TE is characterized by
clinical and histological heterogeneity and associ-
ation with malformations or other epithelial dis-
eases. It is thought to be related to abnormal
enterocytes development and/or differentiation.
In general, infants with TE develop watery diar-
rhea within the first days after birth. It is severe in
most of the cases. Stool volumes may be as high
as 100–200 ml/kg body weight per day, with
electrolyte concentrations similar to those seen
in small intestinal fluid. In rare cases the diarrhea
may be less abundant and sometimes may mislead
the diagnosis. The growth is impaired. There is no
past history of hydramnios suggesting congenital
chloride diarrhea or sodium malabsorption diar-
rhea. Most patients have consanguineous parents
and/or affected siblings, some of whom died dur-
ing the first months of life from severe diarrhea of
unknown origin.

Clinical Features

• Incidence
The prevalence can be estimated at around 1/
50,000–100,000 live births in Western Europe.
The prevalence seems higher in areas with high
degree of consanguinity and in patients of Ara-
bic origin.

• Age
It is common in neonates and infants younger
than 6 months of age.

• Sex
No sex predilection has been reported.

• Site
Tufts are not limited to the small intestine and
may also involve the colonic mucosa.

• Treatment
The infant is dependent on TPN and intestinal
transplantation is the treatment of choice.

• Outcome
Though some infants present with milder
forms, most require long-term TPN with
a subsequent risk of complications. The

long-term prognosis is variable. Most patients
with tufting enteropathy have been treated with
long-term parenteral nutrition, which can lead
to liver failure, sepsis, and the loss of vascular
access.

Macroscopy

Microvillous inclusion disease is usually diag-
nosed in biopsy specimens rather than gross spec-
imens. No specific gross abnormality has been
reported.

Microscopy

Histology shows varying degrees of villous atro-
phy, with low or no mononuclear cell infiltration
in the lamina propria (Fig. 1). The epithelium
looks disorganized as the surface enterocytes
form tufts, buds, or small papillae some of which
seem to drop off into the lumen on sections
(Fig. 2). Villous atrophy is present in all patients
but is variable in severity. In the typical form,
abnormalities are localized mainly in the epithe-
lium and include disorganization of surface
enterocytes with focal crowding, resembling
tufts (Fig. 3). These characteristic “tufts” of
extruding epithelium, first described by Reifen
et al., are seen towards the villous tip and may
affect up to 70% of villi. Focal enterocyte
crowding can also be observed in the crypt

Tufting Enteropathy, Fig. 1 Small intestinal mucosa
with irregular surface and villous shortening (H&E; �100)
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epithelium, and in addition, crypts often have an
abnormal aspect: they are dilated with abnormal
regeneration in the form of branching. The brush
border is usually intact and no ultrastructural
abnormalities are present. Colonic mucosa may
also be involved (Fig. 4). Sometimes, histopatho-
logical presentation of TE does not show evidence
of tufts. Diagnosis can be made by performing
repeated intestinal biopsies. Indeed, biopsies
change from being near normal in early life
(showing only signs of nonspecific villous atro-
phy, with or without monocellular cell infiltration
of the lamina propria) to revealing the character-
istic tufts. In addition, specific abnormalities of
basement membrane components (integrins or

desmosomes) in parts of mucosa are rare and
difficult to detect in the absence of tufts. Ultra-
structural changes may be observed in the desmo-
somes, which are increased in length and number.

Immunophenotype

Deposition of laminin and heparin sulfate proteo-
glycan in the basement membrane, increased
expression of desmoglein, and abnormal distribu-
tion of a2b1 integrin adhesion molecules have
been described.

Molecular Features

Mutations in the epithelial cell adhesion molecule
(EpCAM; CD326) gene on chromosome 2p21 are
causal for congenital tufting enteropathy (CTE),
a disease characterized by intestinal abnormalities
resulting in lethal diarrhea in newborns. Why the
different mutations all lead to the same disease is
not clear. Most mutations will result in lack of
EpCAM’s transmembrane domain, whereas two
mutations allow transmembrane localization. It
was recently found that these mutants are not
routed to the plasma membrane and that truncated
mutants are secreted or degraded. Thus, all
EpCAM mutations lead to loss of cell-surface
EpCAM, resulting in CTE.

Tufting Enteropathy, Fig. 2 Epithelial tufts floating in
the lumen (H&E; �200)

Tufting Enteropathy, Fig. 3 Epithelial tufts formed by
desquamated surface enterocytes (H&E; �400)

Tufting Enteropathy, Fig. 4 CD10 expression on the
irregular surface surrounding the tufts (ICH; �200)

664 Tufting Enteropathy



Differential Diagnosis

The clinical differential diagnosis includes other
causes of neonatal diarrhea. These include auto-
immune enteropathies, immunodeficiencies, and
lesions displaying primary enterocyte abnormali-
ties such as MID.
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Synonyms

Enteric fever; Gastric fever; Slow fever

Definition

Typhoid fever is a severe systemic bacterial dis-
ease caused by Salmonella enterica serovar Typhi.
It is characterized by prolonged fever, persistent
bacteremia and severe inflammation of the intes-
tines, especially the lymphoid tissue. Salmonella
typhi has been a human pathogen for thousands of
years thriving in conditions of poor sanitation and
crowding. The name is derived from the ancient
Greek “typhos” which means “cloud” or “smoke”
and refers to the level of consciousness of the
patients in the advanced stage of the disease. The
classic presentation includes fever, malaise, dif-
fuse abdominal pain, and diarrhea or constipation
(in up to 38% of the patients). Untreated disease
progresses through different stages. Incubation
lasts 5–21 days depending on the health and
immune status of the patient and the virulence of
the bacteria. The onset is usually insidious with
low-grade fever appearing first. During active
invasion of the bacteria, in the second week of
infection, daily, stepwise elevations of tempera-
ture are noted. In some patients, rose spots may
develop on the trunk. Symptoms increase during
the third week, and fever becomes continuous
with only slight daily fluctuations. Various com-
plications can occur including delirium (typhoid
state, nervous fever, or vigil coma), intestinal
hemorrhage, bowel perforation, and death within
1 month of onset. During the next stage, symp-
toms wane and fever slowly fails. Most symptoms
resolve by the fourth week of infection, without
antimicrobial therapy in approximately 90% of
the patients. In convalescence, weakness and
fatigue persist for months and some patients may
relapse. Survivors may also be left with long-term
or permanent neuropsychiatric complications.
A less severe, but similar illness is caused by
the related Salmonella paratyphi bacteria. The
latter is usually referred to as paratyphoid
fever. The bacteria spread through food, drink,
or water contaminated by the feces or urine of
infected persons. S. typhi has no reservoir other
than humans. So the ultimate source of every
infection is an infected person, usually a carrier.
In carriers, the pathogens colonize diseased
gall-bladders.
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Clinical Features

• Incidence
Typhoid fever is rare in industrial countries but
continues to be a significant public-health issue
in developing countries. It is estimated that
approximately 21.5 million illnesses and
216,510 deaths worldwide occurred in 2000.
Countries have been categorized as having
a low incidence (<10 cases per 100,000 per
year), a medium incidence (10–100 cases per
100,000 per year), or a high incidence (>100
cases per 100,000 per year). The decline in
incidence in low-risk countries is mainly due
to improved living conditions and sanitation.
Typhoid fever remains nevertheless a common
bacterial disease worldwide, with the incidence
in developed countries estimated to be 5 cases
per 1,000,000 per year but a much higher in
some developing countries. In India and Paki-
stan, the annual incidence is estimated to be 50
and 40 cases per 1,000,000 respectively. As
a result, there is a risk for travelers. The inci-
dence of typhoid fever among US travelers to
developing countries is approximately 30–300
cases per 1,000,000 per year.

• Age
Children of 12 years or younger carry a bigger
risk for the disease in developing countries
and areas with poor sanitation. Invasive
Salmonella-associated gastroenteritis with
ileal perforation occurs mainly in children,
often under 5 years of age. Overall the
incidence is highest in children and young
adults between 5 and 19 years. The incidence
of carriers increases with age.

• Sex
There is no gender predilection for the disease,
but women are three times as likely to become
carriers as men. They have a higher prevalence
of gall-bladder disease.

• Site
The primary focus of enteric fever is in the
ileum and colon.

• Treatment
Typhoid fever is treated with antibiotics.
Chloramphenicol has been the treatment of
choice for years. It has reduced mortality to

1% and duration of fever to 3–5 days. Because
of the serious side effects of this drug, it has
now been replaced by other effective antibi-
otics. The choice of the precise drug depends
on the region where the infection occurred and
the results of cultures and sensitivity analysis.
Ciprofloxacin, ampicillin, and trimethoprim-
sulfamethoxasole are frequently used. Oral
rehydration is indicated in patients with diar-
rhea. Surgery is performed when perforation
occurs. Carriers need prolonged treatment with
antibiotics or surgical removal of the gall-blad-
der. In order to prevent infection, vaccination is
now recommended for travelers only to
medium-risk and high-risk countries as classi-
fied on the basis of a final risk classification for
each destination. In addition, sanitation and
hygiene are critical measures.

• Outcome
The outcome is likely good with early
appropriate treatment. Symptoms may recur if
treatment failed and did not completely cure
the infection.

Macroscopy

The macroscopic aspect varies throughout the nat-
ural course of the infection. During the invasive
stage, the small intestine is dilated and has a light
red, mildly injected serosa, rarely with fibrinous
exudates. The mucosa is red and edematous.
Peyer’s patches and small lymphoid aggregates
throughout the small and large intestine are
enlarged and raise 0.1–0.4 cm above the adjacent
mucosa. They are soft and slightly erythematous,
often with a necrotic surface in the later stage. The
cut surface is reddish. Mesenteric lymph nodes are
enlarged and soft. The appendix is frequently
involved. The spleen is enlarged, red soft, and
congested. The surface can be covered with fibri-
nous exudates.

Microscopy

Ingested bacteria are able to resist the acidic
environment of the stomach and antibacterial
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substances secreted in the small intestine. They
interact with the M cells of Peyer’s patches in the
ileum, are rapidly internalized, and enter the
bloodstream. After multiplication in the blood
stream, they are secreted by the liver into the
gall-bladder and the intestine. Increasing concen-
trations of bacteria induce hyperplasia of the lym-
phoid tissue of Peyer’s patches and mesenteric
lymphadenitis. The lymphoid tissue becomes
infiltrated with large deeply staining macrophages
containing intracellular organisms (so-called
typhoid cells or Mallory’s cells), plasma cells,
and lymphocytes. Neutrophils are rare. Endo-
toxins cause tissue necrosis which can extend
toward the muscularis propria, and vascular
thrombosis. The entire ileum and colon become
inflamed and hyperemic. Ulcerations appear pre-
dominantly in the ileum but also in the colon. The
lesions can lead to intestinal hemorrhage and sin-
gle or multiple perforations of the ileum (in up to
3% of the patients), often on the anti-mesenteric
surface. Bacteremia originating from the lym-
phoid tissue can result in liver lesions (swelling
and fatty change of hepatocytes), “typhoid nod-
ules” composed of macrophages, and diffuse
inflammatory changes with hepatosplenomegaly,
splenomegaly, and bone marrow involvement. In
the spleen, the red pulp is congested and contains
aggregates of macrophages. The white pulp may
be hyperplastic. Other organ systems such as the
lungs, central nervous system, and skin may also
develop significant lesions. Mild interstitial pneu-
monitis, “ring” hemorrhages in the brain, and
capillary microthrombi can be seen. Skin lesions
are characterized by a perivascular mononuclear
cell infiltrate. The heart can be dilated, and cardiac
myocytes may contain lipid vacuoles. Zenker’s
degeneration of skeletal muscle may be severe in
untreated patients and is most prominent in mus-
cles of the chest, diaphragm, abdomen, and thigh.
Nephritis, orchitis, osteitis, and arthritis have also
been reported. Bacteria will be discharged from
the liver into the biliary tract, thereby infecting the
gall-bladder and duodenum. Pancreatitis is rarely
observed. During the late phases, oval ulcers are
seen in the intestine, oriented along the long axis
of the bowel. The ulcer base consists of granula-
tion tissue. Ultimately, the intestine returns to

normal with minimal scarring of the mucosa.
Adhesions are rarely formed.

Immunophenotype

In humans, attenuated strains of Salmonella
induce a variety of cell-mediated immune
responses, resulting in long-lasting immunologi-
cal memory. Serum and mucosal responses are
directed toward a broad spectrum of antigens
including “Vi (for virulence), a heat labile antigen
which renders the strain non-agglutinable in the
presence of the “O” specific antigen, porins, outer
membrane proteins, lipoproteins, heat-shock pro-
teins, flagella, and fimbriae”. Cellular responses
are of Th1 type. Class Ib CD8+ T cells capable of
lysing Salmonella-infected target cells also appear
after oral vaccination. T-cell responses are
directed toward several antigens, including pro-
tein antigens, porins, flagellar epitomes, pilin, and
to the Vi antigen. T cells modulate humoral
responses during immunization with live attenu-
ated Salmonella vaccines.

Molecular Features

Salmonella enterica serovar Typhi are gram-
negative bacteria that utilize glucose, maltose,
and mannitol in culture. The molecular mecha-
nisms of pathogenicity are complex. Pathogenic
Salmonella are distinguished from their non-
pathogenic relatives by the presence of specific
pathogenicity genes, often organized in so-called
pathogenicity islands (PIs). The type III secretion
system (T3SS) proteins encoded by two Salmo-
nella PIs (SPIs) are associated with pathogenicity
at the molecular level. The T3SS encoded by SPI-1
contains invasion genes, while SPI-2 is probably
responsible for intracellular survival and has
a crucial role for systemic infections.

Differential Diagnosis

The diagnosis of typhoid fever is made by isolat-
ing the pathogen in blood cultures, stool cultures
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(which are often negative in the first week), or
bone marrow cultures. The Widal test measuring
antibodies against the O and H antigens is more
time consuming. A polymerase chain reaction on
blood samples can provide an early diagnosis.
Differential diagnosis includes malaria, bacterial
endocarditis, appendicitis, relapsing fever,
military tuberculosis, trichinosis, and meningitis
as well as intestinal bacterial infections caused by
S. choleraesuis, Yersinia, and Campylobacter.
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Synonyms

Colitis ulcerosa

Definition

Ulcerative colitis is a chronic inflammatory pro-
cess of the colon, beginning in the rectum and
extending proximally in the colon. This inflam-
matory process is continuous and normally
limited to the mucosa. In case of pancolitis, the
inflammation may involve the first centimeters of
the ileum, the so-called backwash ileitis. Rarely,
a left-sided colitis is associated with an area of
inflammation in the caecum, named the caecal
patch.

The pathogenesis of ulcerative colitis is not
fully elucidated. It is a multifactorial process, in
which besides genetic factors, other factors such
as the innate immune system and environmental
factors, in particular the intestinal flora, play

a role. Genome-wide association studies have
shown that in ulcerative colitis, numerous genes
are involved. These genes are responsible for dif-
ferent functions such as the maintenance of epi-
thelial integrity, innate immune function, immune
regulatory function, and in cellular homeostasis.
In ulcerative colitis, the intestinal epithelial barrier
is damaged, leading to an increased permeability
with an increased uptake of luminal antigens. The
disease is characterized by an aberrant immune
response against commensal non-pathogenetic
bacteria. This immune response consists of an
atypical Th2 response mediated by natural killer
T-cells, producing different cytokines, involved in
the development of epithelial damage and tissue
injury. These cytokines are essential as blocking
them prevents the development of ulcerative coli-
tis. Numerous leukocytes, recruited from the sys-
temic circulation by release of chemoattractants,
are involved in the inflammatory response, char-
acteristic for this disease.

The natural history of the disease is character-
ized by periods of remission and relapse. Ulcera-
tive colitis patients present with a variety of
symptoms. Classical features are rectal bleeding,
diarrhea, urgency, and tenesmus. Patients have
a vague abdominal discomfort or abdominal
cramping. Abdominal pain is mostly not pro-
nounced except in case of severe inflammation.
Moderate fever is only present in patients having
severe attacks. Up to 35% patients may show
some extra-intestinal manifestations such as
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peripheral arthritis, erythema nodosum, or pri-
mary sclerosing cholangitis.

As the onset of ulcerative colitis is usually slow
and insidious, the diagnosis of the disease is com-
monly delayed. Less than 10% of the patients
have severe symptoms at first presentation. The
disease may have an acute begin in patients in
which the diagnosis of ulcerative colitis is made
after a gastrointestinal infection.

The diagnosis of ulcerative colitis requires
a multidisciplinary approach, based on clinical
information, laboratory data, endoscopy, and
pathological examination. Laboratory tests com-
prise a stool examination, to exclude an infection,
and blood examination, including, e.g., total
blood count, blood sedimentation rate, c-reactive
protein to evaluate the degree of inflammation and
the disease activity. Different imaging modalities
are used for diagnosis, evaluation of the disease
extent, and severity, and to investigate for possible
complications. Computer tomography (CT scan)
is considered to be the gold standard for assess-
ment of the disease extent and severity and the
detection of complications, such as a perforation
or an abscess in the neighborhood of the bowel.
Ultrasound and magnetic resonance imaging
however are more preferred in young age people,
because of the absence of risk of radiation. Plain
abdominal radiography is used to determine the
extent of the colitis, to exclude the possibility of
a toxic megacolon or a perforation. Endoscopy
with tissue sampling is performed to exclude
other causes of inflammation, to subtype the
inflammatory bowel disease, to determine the
extent of the disease and to assess its severity, to
evaluate the response on medical therapy or to
exclude a malignancy. The endoscopic appear-
ance of the mucosa differs in function of the
severity of the disease. The mucosa has
a granular, erythematous, and friable aspect in
mild cases. If the intensity of the inflammation
increases, the mucosa shows superficial ulcera-
tions with spontaneous bleeding. The mucosa
has numerous pseudopolyps, which are the result
of the course of the disease, characterized by
remission and relapse.

Clinical Features

• Incidence
Ulcerative colitis is more prevalent than
Crohn’s disease in Western countries. The
highest incidence and prevalence rates are
found in North America and Northern Europe,
with an incidence between 9 and 20 cases per
100,000 person-years and prevalence between
156 and 291 cases per 100,000 person-years.
Recent studies have shown that the incidence
and prevalence in Southern Europe is increased
to rates similar to as in Northern Europe. Other
parts of the world such Asia, Africa, and Latin
America have the lowest incidence and preva-
lence rates. The occurrence of ulcerative colitis
is related to some socioeconomic and lifestyle
factors, in which this disease is more common
in industrialized than in less developed coun-
tries, in urban than in rural areas, in people with
a high socioeconomic status.

Genetic factors are also important, in which
a family history of inflammatory bowel disease
is the most important risk factor: Patients with
this disease will have in up to 15% a first-
degree relative with the same disease.

Other environmental factors are cigarette
smoking, which has a protective effect,
whereas an acute intestinal infection with
Salmonella spp, Shigella spp increases the
risk of development of ulcerative colitis.

• Age
The age-distribution of ulcerative colitis has
a bimodal pattern, with the highest peak
between 15 and 30 years and second smaller
peak between 50 and 70 years.

• Sex
Ulcerative colitis has no obvious gender predi-
lection, except in some studies a slight predom-
inance in man.

• Site
Classically, ulcerative colitis is a diffuse and
continuous chronic inflammation without skip-
areas, which always involves the rectum,
spreading proximally. The severity of the
inflammatory process gradually decreases
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proximally. The inflammation may be confined
to the rectum, presenting as proctitis, or
extending throughout the colon as
a pancolitis. The most common distribution
patterns are pancolitis (19%), left-sided colitis
(39%), proctosigmoiditis (17%), and proctitis
(25%). Involvement of the ileum is uncommon
except in case of a pancolitis, in which the
inflammation may spread a few centimeters
into the ileum, a condition named backwash
ileitis.

• Treatment
The treatment of ulcerative colitis consists of
medical or surgical therapy. The therapy choice
is based on several factors, namely, the severity
of the inflammatory process and its extent, the
course of the disease during follow-up, com-
plications, and extra-intestinal manifestations.

The first-line treatment consists of
sulfasalazine and 5-aminosalicylates, which
may achieve a clinical remission in approxi-
mately half of the patients. In case of failure,
other drugs such as glucocorticoids or immuno-
suppressive agents such as azathioprine should
be administered. Patients with extensive,
severe disease are treated with intravenous glu-
cocorticoids, but in case of unresponsiveness,
cyclosporine and especially infliximab is the
therapy of choice. In case, remission is
achieved, the aim of medical therapy is to main-
tain this symptom-free condition in the patient.
First choice is 5-aminosalicylates and if not
effective immunosuppressives, such as azathio-
prine, or infliximab. Higher rates of remission
and improvement on endoscopy, as well as
lower rates of colectomy, are achieved
with this drug.

A colectomy, performed in approximately
5–20% of the ulcerative colitis patients, is indi-
cated in different circumstances such as failure
of medical therapy, perforation, toxic mega-
colon, uncontrollable bleeding, strictures,
unresectable high-grade or multifocal dyspla-
sia, and cancer. Nowadays, the surgical therapy
of choice is a total proctocolectomy with an
ileal pouch-anal anastomosis.

• Outcome
The natural history of the disease is character-
ized by periods of remission and relapse. In
function of the pattern of disease activity, the
disease has a variable course in time with
a complete clinical remission or onlymild symp-
toms. The disease however is characterized by
flares and even progression toward a fulminant
colitis. In the latter, these patients may be
unresponsive to medical therapy and requiring
surgery. Several factors determine the risk of
relapse such as fever, weight loss, active disease
1 year before relapse, or a short period of less
than 2 years between diagnosis and first flare.

Approximately 20–25% of the patients with
distal colitis will show progression, with exten-
sion of the disease proximally during the
course of their disease. Pancolitis is mostly
seen in patients with a severe active disease.
The disease extent determines also the risk of
a colectomy: Patients with a proctitis have 3–4
times lower risk than those with more exten-
sive disease.

The overall mortality from UC is not higher
than that of the general population. However,
the mortality is increased in some subgroups,
such as those with extensive disease.

Patients with long-standing ulcerative coli-
tis are at an increased risk for developing colo-
rectal cancer: A meta-analysis has shown that
the risk of CRC is 2% at 10 years, 8% at 20
years, and 18% at 30 years of disease. The
incidence of CRC in the UC is approximately
4/1,000 per person year of disease, with an
average prevalence of 3.5%. The strongest
risk factors for the development of colorectal
cancer are the duration of the disease and the
extent of the disease. Other risk factors are
a family history of colorectal cancer, the onset
of colitis at young age, the severity of disease
activity, and primary sclerosing cholangitis.
Therefore, the American Gastroenterology
Association recommends a thorough follow-
up with sampling of multiple biopsies starting
8 years after onset of symptoms, repeated
every 1–3 years.
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Macroscopy

The mucosa in ulcerative colitis has a friable gran-
ular appearance with presence of superficial ulcers
(Fig. 1). In severe disease, these ulcers may
becomemore extensive, undermining the mucosa,
finally resulting in a denudation of the surface.
Extensive ulceration with sparing of the
remaining islands of mucosa will result in the
development of inflammatory pseudopolyps.
These inflammatory polyps, which reflect healing
of the mucosa, are slightly elevated nodules or
occasionally finger-like projections of submu-
cosa, covered with mucosa. They are common in
sigmoid and descending colon, and rare in the
rectum.

The transition between the involved and
normal mucosa is sharp in ulcerative colitis. As
the inflammation is normally restricted to the
mucosa, no signs of serositis are observed except
in case of a fulminant colitis. In fulminant colitis,
the macroscopic appearance of the mucosa is not
sufficiently distinct to differentiate ulcerative
colitis from Crohn’s disease. In case of toxic
megacolon, the colon has a very thin attenuated
bowel with complete loss of the mucosal folding
pattern, due to the enormous dilatation.

Unusual inflammation patterns are rectal spar-
ring, caecal patch, and backwash ileitis. Rectal
sparing is diagnosed in approximately 30% of
untreated children with ulcerative colitis, and in
adults with fulminant colitis (13%) or in patients
(44%), undergoing either topical or systemic
treatment. Patchiness is also a therapy-effect,
a change from a continuous to a discontinuous
inflammation.

In case of a “caecal patch,” a left-sided colitis is
associated with an inflammation in the caecum,
surrounding the appendix. In between, the colonic
mucosa is spared. Discontinuous periappendiceal
inflammation has been diagnosed in up to 37%
and 75% of the histopathological and endoscopic
examinations. Awareness of these abnormal
distribution patterns is important to avoid
a misdiagnosis of Crohn’s disease in a patient
with ulcerative colitis.

Backwash ileitis is observed in patients with
a pancolitis, in which the inflammation is not
restricted to the colon, but there is limited involve-
ment of the ileum.

In long-standing ulcerative colitis, tissue repair
is associated with fibrosis, restricted to mucosa or
submucosa. This fibrosis induces strictures in
3.2% up to 11.2% of cases.

Microscopy

The histological diagnosis of ulcerative colitis is
most commonly made on biopsies. In order to
improve the accuracy of the diagnosis, it is
recommended to perform an ileocolonoscopy
with adequate sampling of multiple biopsies of
different segments of the bowel. As the topography
of the lesions is essential, it is necessary to collect
these samples, which are analyzed on semi-serial
sections, in separate vials. Endoscopic data and
clinical information, such as age, the duration of
the disease, and the type of therapy, is important for
a reliable diagnosis of ulcerative colitis.

Ulcerative colitis is a diffuse or continuous
inflammatory process, restricted to the mucosa
with disturbance of the crypt architecture
(Fig. 2). Characteristically, the intensity of the

Ulcerative Colitis, Fig. 1 A gross specimen of ulcerative
colitis, involving nearly the whole colon with sparing of
the caecum
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inflammation increases toward the rectum. The
inflammatory infiltrate is composed of lympho-
cytes, plasma cells, and neutrophils, of which the
latter penetrate into crypts, causing cryptitis and
crypt abscesses. The plasma cells are predomi-
nantly situated between the base of the crypts
and the muscularis mucosae (basal plasmo-
cytosis). At the transition mucosa to submucosa
lymphoid aggregates are seen. Due to this chronic
inflammatory process the architecture is dis-
turbed, with crypt branching, crypt distortion,
crypt atrophy, and an irregular villous mucosal
surface. The inflammation may also cause some
epithelial changes such as a loss of goblet cells
with mucin depletion of the epithelium. Other
features of chronicity are Paneth cell metaplasia,
inflammatory pseudopolyps, hypertrophy of
the muscularis mucosae, and the rarely
present (of seldom seen) submucosal fibrosis.
Occasionally, pyloric metaplasia is found in the
biopsies, but this feature is more common in
Crohn’s disease.

The morphologic features of ulcerative colitis
may change in function of treatment and age. Due
to treatment, the normal distribution pattern of the
inflammation may change from continuous to dis-
continuous with patchiness and rectal sparing.
Eventually the inflamed mucosa may completely
normalize after therapy. Clinical information

about the treatment is necessary to avoid mis-
diagnosis of the subtype of inflammatory bowel
disease.

In approximately 15% of the cases, the diag-
nosis of ulcerative colitis is made below the age of
18 years. The histological diagnosis is however
not easy, as biopsies from children under 10 years
of age show a colonic mucosa with significantly
less crypt branching, plasma cells in the lamina
propria, cryptitis, crypt abscesses, and epithelial
injury when compared with adults. As children
approach adulthood, the morphological features
are similar to those found in adults.

In case patients are treatedwith immunosuppres-
sives because of a flare of their disease,
a reactivation of a latent cytomegalovirus infection
may occur. A CMV infection in ulcerative colitis
patients, of which the prevalence varies between
10% and 56.7%, is possibly due to the Th2-immune
response, in which the involved cytokines are inef-
ficient in the control of this viral reactivation. The
prevalence is even higher in steroid-refractory
(25–30%) versus non-refractory ulcerative colitis
patients (0–9.5%). Detection of cytomegalovirus
should therefore routinely be performed in case of
flares or unresponsiveness to treatment. Although
CMV viral inclusions may be detected on H/E-
stained slides, immunohistochemistry and molecu-
lar techniques, such as semiquantitative PCR, are
more accurate diagnostic tests.

Differential Diagnosis

The most important differential diagnosis is
Crohn’s disease. Distinction is important, as the
treatment of the disease, e.g., surgical approach,
is different. Whereas ulcerative colitis is
a transmucosal, diffuse and continuous inflamma-
tory process, Crohn’s disease is a transmural
inflammatory process, discontinuous and variable
in intensity. The inflammation may spread outside
the bowel, inducing the formation of the fissures,
sinuses, and fistulous tracts. Granulomas are
found in approximately 50% of the biopsies. In
ulcerative colitis, granulomas are not found,
except in association with a ruptured crypt. Both

Ulcerative Colitis, Fig. 2 The colon has a disturbed crypt
architecture with presence of a diffuse lymphoplasmocytic
infiltrate, intermingled with eosinophils and neutrophils.
These neutrophils infiltrate some crypts, causing crypt
abscesses (H/E, 200�)
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diseases are characterized by a different distribu-
tion pattern. Ulcerative colitis begins at the level
of the rectum and extends proximally. The inten-
sity of the inflammation increases toward the rec-
tum. Involvement of the ileum is uncommon
except in patients with a pancolitis. Crohn’s dis-
ease may affect the whole gastrointestinal tract.

The outcome and the therapeutic approach of
infectious colitis and ulcerative colitis are differ-
ent, but distinction can be difficult especially in an
early stage ulcerative colitis. In contrast to ulcer-
ative colitis, the crypt architecture is preserved in
infectious colitis. The lamina propria is infiltrated
by numerous neutrophils, but invasion of the
crypts is uncommon. In contrast to ulcerative coli-
tis (63%), basal plasmocytosis is rarely seen in an
infectious colitis (6%).

Ischemic colitis may resemble ulcerative coli-
tis with presence of a disturbed crypt architecture
and inflammation. The clinical presentation such
as age is different. Features in favor of ischemic
colitis is the distribution pattern of the lesions, the
involvement of the deeper layers of the bowel wall
with presence of hemosiderin macrophages in
these layers, and the absence of cryptitis or crypt
abscesses.
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Synonyms

Uremic gastritis

Definition

Uremic gastropathy is a term commonly used to
describe the upper gastrointestinal signs and his-
topathologic changes associated with uremia, sec-
ondary to renal failure.

The clinical spectrum of upper gastrointestinal
disorders in the uremic patients varies widely,
since it might be influenced by several factors,
such as the severity of renal function impairment,
the stress level of the patients, and the assigned
treatment. Gastrointestinal (GI) bleeding and
dyspeptic symptoms, such as anorexia, vomiting,
heartburn, and postprandial fullness, are common
in these patients, although they may have no
symptoms (Nardone et al. 2005). Uremic fetor
(ammonia or urine-like odor to the breath) also
may be present. Endoscopic and histological
lesions are more frequent in symptomatic patients
but may also be present in asymptomatic subjects
(Khazaei et al. 2008). Hemorrhagic gastropathy
is the most prevalent lesion, particularly in
patients receiving chronic hemodialysis or in
the setting of acute renal failure. It is mostly
due to mucosal lesions, with gastroduodenal
erosions and/or peptic ulcers detected in up to
67% of patients (Walker et al. 2004). Other
uncommon disorders such as esophagitis, gastric
angiodysplasia, and inflammatory gastric polyps
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have also been described (Sotoudehmanesh et al.
2003).

Underlying mechanisms and factors contrib-
uting to the development of these gastropathies
remain unclear. In acute renal failure (ARF),
gastropathy is thought to be more likely related
to physiologic stress, with additional factors that
increase the risk of bleeding such as NSAIDs,
liver disease, and other comorbidities (Walker
et al. 2004). Hypergastrinemia, gastrointestinal
dysmotility, and acid secretion alterations are
considered to be key factors in the pathophysiol-
ogy of gastrointestinal lesions in patients with
chronic renal failure (CRF). Possible mecha-
nisms for dysmotility include increased levels
of hormones involved in the modulation of
gastrointestinal motility (e.g., cholecystokinin,
gastrin, and neurotensin) and other humoral dis-
orders (hypercalcemia, hypokalemia, and acido-
sis), that are mainly ascribed to the reduced renal
clearance as well as autonomic nervous system
dysfunction. The mechanisms that lead to hyper-
gastrinemia are commonly attributed to reduced
renal clearance but may also be due to a feedback
mechanism from gastric acid neutralization
with gastric ammonia, a breakdown product
of urea that is higher in gastric mucus among
patients with advanced renal failure (Nardone
et al. 2005).

This concept has been used as substrate by
several investigators (Khazaei et al. 2008) to
explain the high susceptibility of these patients
to colonization of Helicobacter pylori (HP).
These linkage stems from the notion that HP
possesses a powerful urease, which converts
urea to ammonia and, thus, provides protection
against the low pH of the gastric environment.
Since uremic patients have an increased level of
gastric urea in gastric mucus, they might be more
susceptible to HP infection. However, the
reported prevalence of HP infection and its rela-
tionship to upper GI pathologic changes in uremic
patients have been controversial. While some
studies have demonstrated a higher prevalence of
HP infection in uremic patients (Khazaei et al.
2008), others have determined that the prevalence
of the infection is less than in the general popula-
tion (Day et al. 2003).

Clinical Features

• Incidence
The reported prevalence of uremic gastropathy
in the uremic patients is quite varied, there being
a wide range of between 7% and 100%
(Nardone et al. 2005; Khazaei et al. 2008).

• Age
Prevalence of uremia and subsequently uremic
gastropathy among different age groups is
largely unknown. Several reports demonstrate
it can affect both adults and children, being
more prevalent in older adults (Khazaei et al.
2008).

• Sex
Uremia is slightly more prevalent in men than
in women (male-to-female ratio, 1.2:1).
Sotoudehmanesh et al. (2003) reported that
male gender had higher risk of uremic
gastropathy.

• Site
Up to 67% of uremic patients lesions occur in
the stomach and duodenum, with gastric
lesions predominantly in the antrum (approx.
50%).

• Treatment
Treatment of uremic gastropathy relies on the
resolution of uremia, which can be accom-
plished by medical treatment for associated
metabolic and electrolyte abnormalities, such
as anemia, hyperkalemia, hypocalcaemia,
hyperparathyroidism, and iron deficiency.
When these treatments fail, renal replacement
therapy with hemodialysis, peritoneal dialysis,
or renal transplantation is the treatment of
choice.

Other therapeutic interventions include die-
tary changes and hemostatic procedures, in
case of uremic bleeding.

• Outcome
Uremic gastropathy can be a significant cause
of morbidity and mortality, likely due to the
considerable risk of complicated upper GI
lesion in uremic patients, namely, acute upper
GI bleeding, despite its rarity. Increased prev-
alence of peptic ulcers after renal transplanta-
tion is reported historically, having accounted
for approximately 4% of deaths (Walker et al.
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2004). However, the use of acid-suppression
therapies and corticosteroid-sparing immuno-
suppressive regimens has reduced the fre-
quency of this complication.

Macroscopy

Upper gastrointestinal endoscopy features are var-
iable and include erythema, multiple small pete-
chial hemorrhages, erosions, ulcerations, and
nodularity in either the stomach or duodenum or,
less frequently, in the esophagus (Walker et al.
2004; Khazaei et al. 2008). Gastric and duodenal
angiodysplastic lesions as well as gastric polyps
have also been reported (Sotoudehmanesh et al.
2003). Hypertrophic folds in mucosa of the corpus
may frequently be associated with successful kid-
ney transplantation (Day et al. 2003). Normal
findings on endoscopy can occur with uremic
gastropathy; nevertheless, histological evaluation
of blindly collected biopsies can identify epithe-
lial lesions within normal-appearing mucosa.

Microscopy

Characteristic findings of uremic gastropathy
include foveolar hyperplasia, multinucleated pari-
etal cells with vacuolation and fragmentation of
the cytoplasm, and extension of parietal cells into
the antrum and even the duodenum. This may be
related to long-term steroid therapy and the tro-
phic effects of hypergastrinemia. In addition, het-
erotopic calcification within the gastric mucosa
may occur. Helicobacter pylori organisms may
be seen on H&E staining in some cases;

identification is enhanced with special stains
(Giemsa, Diff-Quik, immunohistochemistry, or
silver stain). The increased incidence of CMV
infection should be considered in patients
receiving immunosuppression therapy (Day et al.
2003).

Differential Diagnosis

The main disease to consider in establishing
a differential diagnosis, especially based on
biopsy specimens, is chronic gastritis. A firm
diagnosis can only be made when supportive clin-
ical data (such as known history of uremia) are
available.
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Synonyms

Plural of varix

Definition

Varices are pathologically dilated veins. In the
digestive system, they are more common in the
esophagus or stomach and usually secondary to
portal hypertension. They are mostly asymptom-
atic unless they rupture and bleed.

The portal venous system carries blood from
the spleen and digestive system to the liver, where
it converges with hepatic artery-derived blood
flow in the hepatic sinusoids. If the pressure in
these specialized vascular channels increases to
6 mmHg or above, portal hypertension will occur.

Portal hypertension may be due to an increase
in portal flow and/or in portal resistance. The
increased resistance may be posthepatic, as in
Budd-Chiari syndrome; intrahepatic, as in liver
cirrhosis; or prehepatic, as in portal vein throm-
bosis. Cirrhosis is the most common cause of
portal hypertension in the western world. What-
ever the cause, portal hypertension leads to the

expansion of portal vein-systemic collaterals and
to reversion of the normal low volume flow in
these vessels, with blood flowing out of the portal
circulation and into the systemic veins. In the
digestive system, the main collaterals are found
around the gastroesophageal junction, and their
expansion leads to the development of gastro-
esophageal varices. Varices that occur outside
the gastroesophageal junction are called ectopic
and include duodenal, colonic, rectal, and stomal
varices, among others. When the hepatic venous
pressure gradient (HVPG) exceeds 10 mmHg,
varices form, but they usually only bleed when it
exceeds 12 mmHg.

Clinically, varices usually only manifest when
they bleed and the symptoms and signs will depend
on their location. Hematemesis and melena are the
most common presentations of esophageal, gastric,
and duodenal varices bleeding, while rectal varices
bleeding presents as hematochezia. Ectopic
varices may also manifest with hemobilia, or
hemoperitoneum, which may present as increased
abdominal volume or abdominal pain. Variceal
bleeding is frequently severe and may lead to
hypovolemic shock and death.

The diagnosis of varices is usually
endoscopic. Ectopic varices in sites not accessible
to endoscopy may be diagnosed through angiogra-
phy. International consensus guidelines state that
all cirrhotic patients should be screened for gastro-
esophageal varices, by endoscopy, at the time of
the initial diagnosis of cirrhosis. The initial findings
will determine the follow-up (de Franchis and
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Baveno V Faculty 2010). Esophageal varices are
graded as none, small (those that flatten with insuf-
flation or protrude minimally into the esophageal
lumen), or large (those that are confluent, protruding
into the esophageal lumen and touching each other)
(de Franchis et al. 1992) (Figs. 1 and 2). Gastric
varices should be described according to the classi-
fication by Sarin et al (Sarin et al. 1992). It includes
gastroesophageal varices (those in continuity with
esophageal varices) type 1 (extending 2–5 cmbelow
the gastroesophageal junction) and type 2
(extending for more than 5 cm into the fundus)
and isolated gastric varices type 1 (those that occur
in the fundus in the absence of esophageal varices)

or type 2 (those that occur in the body, antrum,
or pylorus).

Clinical Features

• Incidence
In cirrhosis, esophageal varices develop in
5–15% of patients each year, and therefore,
most patients will develop them. About one
third of varices will eventually bleed (de Franchis
and Primignani 2001; Toubia and Sanyal 2008).

• Age
Varices are usually diagnosed in adults, but
may be found in children, in whom extrahe-
patic portal vein thrombosis is the main cause
of portal hypertension.

• Sex
Varices are found in both sexes.

• Site
The esophagus is the most common site for
varices. They are more common in the lower
third but may extend full length.

• Treatment
The management of varices is usually divided
into several stages: prevention of their forma-
tion (preprimary prophylaxis), prevention of
bleeding (primary prophylaxis), treatment of
acute bleeding, and prevention of rebleeding
(secondary prophylaxis).

According to the latest Baveno consensus
workshop (Baveno V) (de Franchis and
Baveno V Faculty 2010), the only recommen-
dation for preprimary prophylaxis is the treat-
ment of the underlying disease causing portal
hypertension.

Regarding primary prophylaxis, patients
with large esophageal varices should be treated
by either endoscopic band ligation
or nonselective beta-blockers (NSBB). In
patients whose endoscopy shows small
esophageal varices with red wales or with
small varices and Child C class liver disease,
NSBB should be used. Data regarding the ben-
efit of NSBB in preventing the first bleeding
episode in other patients is still insufficient.

The management of an acute upper
gastrointestinal variceal bleeding episode starts

Varices, Fig. 1 Large esophageal varices seen at upper
digestive endoscopy

Varices, Fig. 2 Small esophageal varices seen at upper
digestive endoscopy
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with volume restitution to maintain hemody-
namic stability and includes antibiotic prophy-
laxis instituted from admission; the use of
vasoactive drugs, started as soon as possible;
and endoscopic therapy. Endoscopy should be
performed within the first 12 h. Endoscopic
variceal ligation is the recommended therapy
for bleeding from esophageal varices and may
also be used for GOV1. Sclerotherapy may be
used for esophageal varices when ligation is
technically difficult, while the use of a tissue
adhesive is recommended for GOV2 and IGV.
It may also be used for GOV1. Balloon
tamponade may be used temporarily in
massive bleeding, and an early transjugular
intrahepatic portosystemic shunt is an option
for high-risk patients.

Finally, for secondary prophylaxis, the use
of NSBB associated with variceal ligation is
the recommended approach in patients who
have bled from esophageal varices. Patients
who bled from GOV2 or IGV should be man-
aged with tissue adhesive endoscopic therapy,
while this therapy, ligation, or NSBB may be
used for GOV1.

• Outcome (Prognosis)
The estimated mortality rate for an episode of
esophageal varices bleeding is 20–30%
(de Franchis and Primignani 2001). The mor-
tality risk is higher in the first 5 days and then
slowly declines, but the rebleeding risk is 70%
or larger (Toubia and Sanyal 2008).

The occurrence of other complications of
portal hypertension or of the bleeding episode
and the greater severity of the underlying dis-
ease worsen the prognosis of patients with
gastrointestinal varices.

Macroscopy (Gross)

Endoscopically, varices are seen as dilated vessels
that protrude into the lumen, covered by normal
appearing mucosa. Active bleeding through
a rupture point may be seen. The presence of red
signs over the varices signals an increased risk of
bleeding, while after recent bleeding adherent
clots may be found.

Microscopy

Varices are seen as dilated subepithelial veins.
Inflammation and hemorrhage may be seen
surrounding a ruptured varix.

Immunophenotype

There are no immunophenotype characteristics
specifically associated with the development of
varices.

Molecular Features

There are no molecular features specifically
associated with the development of varices.

Differential Diagnosis

Varices are usually easily identified by endoscopy,
and the differential diagnosis required regards the
cause of the varices.
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Synonyms

Gastrointestinal angiitis; Gastrointestinal mani-
festations of vasculitis; Localized vasculitis of
the gastrointestinal tract; Vasculitides of the gas-
trointestinal tract

Definition

Vasculitis is a general term for a group of uncom-
mon diseases that are defined by inflammation of
the blood vessel walls. Each of the vasculitis
diseases has a characteristic distribution of blood
vessels, pattern of organ involvement, and labo-
ratory test abnormalities. The actual causes of
vasculitides are unknown, but they are generally
associated to an immune system abnormality.
They are grouped as primary or secondary and
localized or systemic. The primary systemic vas-
culitides are rare and affect blood vessels that may
manifest as self-limiting illnesses with a good
prognosis (e.g., childhood Henoch-Schonlein pur-
pura) to multi-organ failure with a high rate of
mortality if left untreated (e.g., Wegener’s
granulomatosis). Secondary vasculitides are
those caused by underlying rheumatic connective
tissue diseases (e.g., rheumatoid arthritis, sys-
temic lupus erythematosus), inflammatory bowel
disease, infection (e.g., Hepatitis B, Neisseria
meningitidi), malignancy (lymphoma), and
drugs. Localized vasculitis may affect only
the skin or a single-organ system, whereas
systemic vasculitides affect multiple organ
systems. Vasculitis involving the gastrointestinal
(GI) tract often occurs as part of a systemic inflam-
matory process and is an acknowledged
manifestation of small- and medium-sized vessel
vasculitides. The distinction between primary and

secondary is not absolute because some cases of
GI vasculitides that are initially diagnosed as
localized may evolve into systemic disease.

GI involvement is frequent in Henoch-Schonlein
purpura (HSP) and also often noted in polyarteritis
nodosa (PAN), microscopic polyangiitis,Wegener’s
syndrome, and Churg-Strauss syndrome. Further-
more, GI vasculitis has also been described in
giant cell arteritis, Takayasu’s disease, Buerger’s
disease and leucocytoclastic vasculitides as essen-
tial mixed cryoglobulinemia, lupus vasculitis, rheu-
matoid disease, connective tissue diseases, drug-
induced vasculitis, and Behçet’s disease.

The primary systemic vasculitides are
a heterogeneous group of rare disorders with
many varying features and presentations. Specific
GIT features of each disease reflect the size of
vessels involved; large vessel vasculitis predomi-
nantly leading to ischemia or infarction of large
sections of bowel; medium vessel vasculitides
causing bleeding from and infarction of smaller
areas; small-vessel vasculitides causing microvas-
cular symptoms of tissue inflammation and patchy
infarction with some incidence of bleeding.

Abdominal pain was the most frequent finding,
present in almost all patients. The pain was usually
intense, and no preferential site could be identified.
Other findings were abdominal angina, nausea or
vomiting, diarrhea, haematochezia, or melena.
Weight loss was present in most patients and
some may have fever.

The location, age and gender predominance,
disease activity, and the involvement of the GIT
vary with the vasculitis in question. Vasculitis
may affect any part of the GI tract, but most
frequently the appendix, gallbladder, and
cecum. Classically, vasculitides are classified
according to the size of vessels affected: large,
medium, or small sized. Systemic vasculitis may
affect various organs, including the GIT, while
localized vasculitis is confined to the GIT. Focal
single-organ vasculitis tends to have a good
prognosis and resection of the vasculitic lesion
can be curative, although it may progress to
a systemic illness. In both localized and systemic
forms, when present, GI complications adversely
affect prognosis and are an indicator of disease
severity.
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Clinical Features

• Incidence
Exclusive GI manifestations as the presenting
symptom of vasculitis were found in only 1 of
62 patients from a series of systemic necrotiz-
ing vasculitides described by Pagnoux and
coworkers. However, earlier series found
that 13–16% of their patients had isolated GI
involvement. In three series with a total of
351 patients, approximately one-third had
gastrointestinal manifestations.

Systemic vasculitides and the involvement
of the GIT vary according to the specific
disease in question. A description of the way
the GIT is involved in the different systemic
vasculitides will be made for each disease.

• Primary Vasculitides

Large Vessel Vasculitides

Takayasu’s arteritis is a granulomatous disease of
the aorta and its primary branches generally affect
patients younger than 50 years. It is a rare disease,
more common in Asia (Japan) and Mexico. The
mesenteric vessels are involved in up to 12% of
cases on angiography. Few reports describe major
GIT symptoms or bowel ischemia; these include
acute intestinal infarction, necrosis and postpran-
dial mesenteric angina with chronic mesenteric
and celiac ischemia.

Medium-Sized Vessel Vasculitides

Polyarteritis nodosa (PAN) is defined by necrotiz-
ing inflammation of small- and medium-sized
vessels without nephritis or arteritis in arterioles,
capillaries, or venules. It is frequently associated
to hepatitis B virus infection and these patients
have a higher risk of GIT complications such as
perforation. Positivity to anti-neutrophil cyto-
plasm antibody (ANCA) may be associated.
Patients may present with a variety of symptoms
such as fever or weight loss, but 25–60% present
with features of GIT vasculitis either at first
presentation or during follow-up. Upper GIT

features of PAN include: perforation or infarction
of stomach or small bowel. The patient may
present with nausea and vomiting, diarrhea,
melena, or occult GIT bleeding.

Kawasaki’s disease is an arteritis involving
large, medium-sized, and small arteries, and asso-
ciated with mucocutaneous lymph node syndrome.
Coronary arteries are often involved. It usually
occurs in children with a peak at 30 months.
Some of the upper GIT features reported include
paralytic ileus and hemorrhagic duodenitis.

Small Vessel Vasculitides

Henoch-Schonlein purpura (HSP) is a vasculitis
with IgA-dominant immune deposits, affecting
small vessels (i.e., capillaries, venules, or
arterioles). HSP typically involves skin, gut, and
glomeruli, and is associated with arthralgias or
arthritis. It is predominantly a childhood disease,
more frequent in children of Asian descent, and
among males (2.5:1 ratio). The majority of
patients develop abdominal angina and around
a third may have GIT bleeding. Some GIT
features of HSP in children are well documented
and include: intussusception, small bowel
ischemia and infarction, intestinal perforation, fis-
tula formation, ileal strictures, and massive upper
gastrointestinal hemorrhage. Colicky abdominal
pain and GIT bleeding (either as melena or posi-
tive stool guaiac test) are among the most com-
mon manifestations. Individual case reports of
GIT involvement in adults resemble cases in
children.

ANCA-Associated Small Vessel
Vasculitides

Wegener’s granulomatosis (WG) is a granulomatous
inflammation affecting the respiratory tract and nec-
rotizing vasculitis affecting small- to medium-sized
vessels (e.g., capillaries, venules, arterioles, and
arteries) commonly associated with necrotizing glo-
merulonephritis. GI involvement of WG is rare and
may include esophageal ulceration and small bowel
perforation.
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Churg-Strauss syndrome (CSS) is an eosino-
phil-rich and granulomatous inflammation involv-
ing the respiratory tract, and necrotizing vasculitis
affecting small- to medium-sized vessels. Necro-
tizing vasculitis with few or no immune deposits,
affecting small- and medium-sized arteries, may
be present on histological examination. It is linked
to asthma and eosinophilia. CSS can manifest as
an upper GI bleed or perforation of the esophagus,
stomach, or small intestine (Morgan and Savage
2005). GI symptoms can be present in a third of
patients.

Microscopic polyangiitis is a necrotizing
vasculitis with few or no immune deposits, affect-
ing small vessels. Necrotizing arteritis affecting
small- and medium-sized arteries may be present.
The kidney and lung are the organs most fre-
quently involved. GI manifestations are fre-
quently found and include by abdominal pain
and GI bleeding. Symptoms of melena and
hematemesis may also be present. Regarding
upper GI pathology, esophageal reflux has been
detected in some patients.

Behcet’s disease (BD) is a rare multisystem
vasculitis typically characterized by the presence
of genital, oral ulcerations and skin lesions.
Typically the ileocecal region is the most affected
where ulcerations may develop. Ischemia and
bowel wall infarction may also arise from BD.

• Secondary Vasculitides
Secondary vasculitides may develop in
association to mixed connective tissue dis-
eases, rheumatic diseases, inflammatory
bowel disease, infectious diseases, malignan-
cies, or drugs.

Systemic Lupus Erythematosus (SLE)

In patients with SLE who present with non-
specific abdominal pain, the incidence of GI vas-
culitis may be as high as 35%. Symptoms may
include bloating, anorexia, postprandial fullness,
diarrhea, upper GI bleeding, or acute abdominal
pain. GI manifestations such as gastritis, enteri-
tis, and bowel wall perforation have been
described.

Mixed Connective Tissue Disease (MCTD)

MCTD is a combination of disorders, namely, of
LES, scleroderma, and polymyositis. Therefore, it
is sometimes referred to as an overlap disease and
is associated with high titers of ribonucleotide
(RNP) antibodies. Dysphagia and heartburn,
bowel perforation, and malabsorption syndrome
are some of the GI manifestations found.
Although rare, there are reports of duodenal
bleeding and esophageal dysmotility.

Infectious Disease and Malignancy-
Related Vasculitis

Most infectious vasculitides are necrotizing or
lymphocytic small-vessel vasculitis. Some of the
microbial agents associated to vasculitis include
hepatitis B, C, or A; human immunodeficiency
virus; cytomegalovirus; and parvovirus B19.

Vasculitis in malignant diseases is generally
associated with hematologic disorders rather
than solid tumors, such as hairy cell leukemia.

Drugs, such as propylthiouracil and hydroxy-
urea, have been associated with intestinal vasculitis.

• Localized Vasculitis
Vasculitis of the GI tract may occur in isolation,
and may represent a form of single-organ vas-
culitis (SOV). Isolated vasculitis of the GI tract
is a rare entity and tends to have a good prog-
nosis. Its removal can be curative, although
SOV may progress to a systemic illness. Iso-
lated vasculitis of the upper GI tract generally
manifests itself as gastroduodenal ulcers or
bleeding.

• Treatment
GI involvement in the setting of systemic
necrotizing vasculitides has a poor prognosis,
particularly when surgery is needed. Corticoste-
roid therapy alone is generally insufficient in the
most severe cases and the use of immunosup-
pressive drugs is mandatory. These include
methotrexate, azathioprine, mycophenolate
mofetil, cyclophosphamide, and intravenous
immunoglobulin Immunosuppressive drugs
must not only be considered in steroid refractory
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cases but also as first-line therapy for the most
severe cases. Vascular intervention, whether
angioplasty or surgical, may be necessary in
more advanced cases.

• Outcome
When present, GI complications adversely
affect prognosis and are an indicator of disease
severity.

Macroscopy

The findings at upper endoscopy may reveal small
petechiae, multiple, irregular superficial gastric
ulcerations without evidence of bleeding, bleed-
ing duodenal ulcers, and ischemic changes in the
duodenum and proximal jejunum.

Microscopy

Endoscopic biopsies have a low sensitivity to diag-
nose GI vasculitis, even though macroscopic endo-
scopic findings such as the presence of an
erythematous hemorrhagic petechial mucosa may
be suggestive. Upper GI tract biopsies are rarely
helpful, but colon biopsies may contribute to
establishing a specific diagnosis of vasculitis. The
microscopic findings are variable depending on the
etiology of the vasculitis. These may include:
acute/chronic inflammation or necrosis of vessel
walls, islands of fibrotic tissue and thrombus, nec-
rotizing granulomas, multi-nucleated giant cells,
and medial degeneration or hypertrophy.

Differential Diagnosis

The differential diagnosis of upper GI vasculitides
comprises any cause of gastroduodenal ulceration,
bleeding, or ischemia. Some common differentials
are ▶ peptic ulcers and neoplastic ulceration
caused by adenocarcinoma or lymphoma. Infec-
tions such as cytomegalovirus gastritis that mani-
fest with multiple ulcers may mimic GI vasculitis.
Although rare, gastroduodenal ischemia caused
by vascular thrombosis may lead to lesions
similar to vasculitis.
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Synonyms

Verrucous carcinoma and giant condyloma
of Buschke and Löwenstein are identical lesions.

Definition

Verrucous carcinoma is nowadays assimilated by
most authors as giant condyloma described by
Buschke and Löwenstein. It is a particular variant
of anal and perianal squamous cell carcinoma,
characterized by its slow growing, and its
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tendency to form abscesses and fistulae. It is asso-
ciated with HPV6 and HPV11 infections.

Clinical Features

Patients usually present with a huge perianal
oozing mass. The lesion has usually been present
for many years and had a slow growth. Patients
may also complain of anal pain, bleeding, pruri-
tus, difficulty in walking and defecation, fistula, or
perianal abscess.

• Incidence
Anal verrucous carcinoma is a very rare tumor
and it is difficult to assess its incidence.

• Age
The mean age at presentation is 42 years
(16–82 years).

• Sex
The incidence in males is significantly higher
than in females (ratio 3.2:1).

• Site
Verrucous carcinoma often occurs in the peri-
anal region and may extend toward the anal
canal.

• Treatment
Wide local excision remains the mainstay of
therapy for verrucous carcinoma. It often needs
grafts, and left colostomy is usually simulta-
neously performed in order to facilitate post-
operative wound healing without the presence
of feces.

The efficacy of additional or other non-
surgical therapy modalities has not yet been
established.

The use of radiotherapy is controversial as it
may favor its transformation into poorly differ-
entiated carcinoma with subsequent metasta-
sis. CO2 laser therapy has sometimes been
applied with success.

• Outcome
Verrucous carcinoma is a slow-growing but
locally aggressive and destructive tumor. Dis-
tant metastases are rare. This tumor has a high
recurrence rate of 60–70% after radical local
excision. The rate of malignant transformation
to typical invasive squamous cell carcinoma

ranges between 30% and 56%. The overall
mortality is 20–30% due to mechanical
obstruction, fistulas, abscesses, and sepsis.

Macroscopy

Verrucous carcinomas present as a unique or mul-
tiple confluent, friable masses, measuring several
centimeters in diameter, with a cauliflower
appearance and reddish, pinkish, or whitish color
(Fig. 1). It displays a marked tendency to com-
press and displace deeper tissues by downward
growth rather than infiltrating them. Fistulae and
abscesses in the deeper tissues are frequent.

Microscopy

The histological appearance on a biopsy specimen
may be identical to that seen in common condy-
loma acuminatum, with a surface hyperkeratosis,
prominent acanthosis, and papillomatosis with
orderly arrangement of the epithelial layers. The
cells in the superficial and intermediate layers
show koilocytotic changes. Hyperplastic epithe-
lium penetrates into the underlying tissues in blunt
downward projection and lobules, with keratin-
filled cysts, sometimes inflamed with numerous
neutrophils, with a pushing rather than an infiltrat-
ing pattern (Fig. 2). Diagnosis is difficult on
superficial biopsies, and only complete excision

Verrucous Carcinoma/Giant Condyloma of Buschke
and Löwenstein, Fig. 2 Verrucous squamous cell
carcinoma of the anus, extremely well differentiated
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of the lesions can sometimes provide a final path-
ological diagnosis.

Immunohistochemistry

In situ hybridization can confirm the presence of
HPV6/11 in tumor cells. Tumor cells are positive
for pan-cytokeratin and cytokeratin 5/6. Basal
cells are positive for Ki67 and p53. They do no
express p16 or with a faint focal positivity.
No immunohistochemical stain is useful for the
diagnosis or to exclude a differential diagnosis.

Molecular Features

Carcinogenesis of perianal verrucous carcinoma
is still unclear, but principally linked to HPV 6
and HPV11 infection.

Differential Diagnosis

Verrucous carcinoma has the same microscopic
appearance as condyloma acuminatum, notably
on microscopic examination of a superficial
biopsy. Clinical information about the macro-
scopic appearance of the tumor is essential for
the pathologist in order to give the appropriate
diagnosis. Verrucous carcinoma differs from the
usual type of invasive squamous cell carcinoma

by the lack of typical infiltrative pattern with
a desmoplastic reaction surrounding carcinoma-
tous lobules and by the absence of marked nuclear
atypia of tumor cells and the lack of high mitotic
activity. However, invasive squamous cell carci-
noma can be observed in verrucous carcinoma.
The diagnosis is sometimes made on macro-
biopsy, or more frequently on pathological exam-
ination of a surgical specimen. The presence of
severe cytologic atypia with stromal invasion in
an infiltrative fashion (different from the pushing
downward growth) should lead to the diagnosis of
invasive squamous cell carcinoma.
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Definition

Viruses such as rotavirus and norovirus can cause
colon inflammation, resulting in mild to severe
dehydration. Rotavirus is a double-stranded
RNAvirus belonging to the family of Reoviridae.
It is the most common cause of gastroenteritis in
infants and young children worldwide. The virus
is transmitted by the fecal-oral route. It produces
a toxic rotavirus protein that damages the
enterocytes of the small intestine and as such
causes gastroenteritis (which is often called
“stomach flu” despite having no relation to
influenza). Symptoms of viral colitis are not

Verrucous Carcinoma/Giant Condyloma of Buschke
and Löwenstein, Fig. 1 Verrucous carcinoma of the
anus, presenting as a huge cauliflower-like lesion
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much different from colitis from other causes: The
infection often starts with vomiting followed by
a maximum of 10 days of profuse diarrhea.
Dehydration is more common in rotavirus
infection than in most of those caused by
bacterial pathogens, and is the most common
cause of death related to rotavirus infection. As
healthy enterocytes secrete lactase into the small
intestine, milk intolerance due to lactase
deficiency is a symptom of rotavirus infection,
which can persist for weeks.

Cytomegalovirus (CMV), a double-stranded
DNA virus that is a member of the Herpesviridae
family, is another virus that may cause colitis,
especially in persons with lower immunity. As
such, it is the most common viral cause of
diarrhea in AIDS patients and may affect any
part of the gastrointestinal tract. It also causes
invasive disease in patients who are on long-term
immunosuppressive therapy (e.g., solid organ
transplants, inflammatory bowel disease), but
can also occasionally cause severe infection in
immunocompetent individuals. Latent CMV is
reactivated in immunocompromised patients,
leading to viremia, deposition of viral particles
in the vascular endothelium, with subsequent vas-
culitis, submucosal ischemia, and ulceration. In
addition to the symptoms of viral colitis described
above, CMV colitis patients will also often pre-
sent with intestinal bleeding and fever.

Herpetic colitis is another form of viral colitis,
caused by the herpes simplex virus (HSV). While
most often HSV is associated with cold sores and
genital warts, it is also a common cause of pro-
ctitis and is usually acquired during anal
intercourse. Other possible causes of herpes
colitis are associated use of immunosuppressive
drugs like Azathioprine, Tacrolimus, Prednisone
(and other corticosteroids), methotrexate, and
Cyclosporine. Symptoms of HSV proctitis
include pruritis ani, tenemus, diarrhea, anorectal
burning, constipation, and mucoid or bloody
bowel movements, often with bilateral tender
inguinal lymphadenopathy. Some patients
may also develop symptoms suggestive of
lumbosacral radiculopathy, including impotence,
inability to urinate, pain localized to the thighs,
buttocks, and lower abdomen.

Finally, while very rare, adenovirus-associated
colitis is another form of viral colitis that has also
been reported in patients with HIVor AIDS.

Clinical Features

• Incidence, age, and sex
By the age of 5, nearly every child in the world
has been infected with rotavirus at least once.
However, with each infection, immunity
develops, and subsequent infections are less
severe. As such, adults are rarely affected. In
the United States, before initiation of the rota-
virus vaccination program, rotavirus caused
about 2.7 million cases of severe gastroenteritis
in children, almost 60,000 hospitalizations,
and around 40 deaths each year. The incidence
and severity of rotavirus infections has
declined significantly in countries that have
added rotavirus vaccine to their routine child-
hood immunization policy.

Data on the incidence and prevalence of
CMV, HSV, and adenovirus colitis are sparse.
In patients with inflammatory bowel disease,
CMV colitis has been reported as 5–36%, and
higher in patients with disease refractory to
steroid therapy.

• Site
While viruses can affect any part of the gastro-
intestinal tract, rotavirus, CMV, and HSV have
a predilection for the small intestine, ileocaecal
region, and rectum, respectively.

• Treatment
Viral colitis does not respond to antibiotics.
Anti-diarrheal agents may work in mild diar-
rhea, but in severe diarrhea, use of these med-
ications must be closely monitored, as they can
slow down the intestinal motility and cause
toxic megacolon, a potentially dangerous com-
plication. Most important in the treatment of
rotavirus colitis is the maintenance of hydra-
tion as untreated children can die from the
resulting severe dehydration. Depending on
the severity of diarrhea, treatment consists of
oral rehydration, during which the child is
given extra water to drink that contains small
amounts of salt and sugar.
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While treatment of CMV colitis with intra-
venous antiviral drugs such as ganciclofovir,
foscarnet, or cidofovir has improved symp-
toms, it has not decreased mortality.

HSV colitis is also symptomatically treated
including sitz baths, topical anesthetics, and
oral pain medication. Acyclovir (first-line
treatment), valacyclovir, and famciclovir are
potential antiviral treatments.

• Outcome
Rotavirus colitis is usually a self-limited
disease in the western world, although it is
a major cause of childhood death (up to
500,000 annual deaths) in developing
countries.

The outcome of CMV colitis depends upon
the severity of the immunodeficiency and the
severity of the infection. People with HIV or
AIDS may have a worse outcome than those
with a different type of immunodeficiency: In
HIV or AIDS patients, CMV infection will
typically affect the entire body, even if
patients only have gastrointestinal symptoms.
Therefore, overall outcome depends on the
response to therapy with antiviral drugs.
CMV infection in patients with inflammatory
bowel disease is associated with poor out-
comes, such as the need for colectomy due
to perforation.

HSV colitis has an excellent prognosis,
although the disease may relapse from time to
time.

Macroscopy

More than one third of individuals affected by
CMV colitis have gross disease only proximal to
the sigmoid, so colonoscopy rather than flexible
sigmoidoscopy may be needed to locate evidence
of infection. The appearance of the mucosa on
endoscopy may resemble that of ulcerative colitis,
with granularity and mucosal friability, and
patients may occasionally have mass lesions that
may be mistaken for colonic neoplasms. More
typical of CMV infection, however, is the pres-
ence of colitis alone (defined by edema and hem-
orrhage), colitis with ulceration, or discrete,

variably sized ulcers ranging from 5 to 2 cm in
areas of otherwise normal mucosa.

Approximately 1–3 weeks following HSV
infection, the perianal skin, anal canal, and rectum
will be affected with multiple vesicles, which tend
to be localized to the distal 5–10 cm of the rectum,
where the initial lesion are seen as small single or
grouped coalesce to form aphthous ulcers.

Rotavirus and norovirus, most common causes
of viral gastroenteritis, are not known to cause
macroscopic changes.

Microscopy

A definite diagnosis of CMV colitis is made by
identifying typical inclusion bodies in biopsy
specimens, and not by serologic studies or culture
of biopsy material. CMV can be identified as the
cause of inclusions using immunoperoxidase
staining, in situ hybridization, or polymerase
chain reaction (PCR). Multiple biopsies from
the centers of ulcerations are recommended, as
viral inclusions are found most frequently in the
endothelial cells of the deeper layers of the gut
wall. Besides endothelial cells, these mudgy
intranuclear and cytoplasmic inclusions can also
be found in fibroblasts and smooth muscle cells
(only rarely in epithelial cells) (Fig. 1a). In addi-
tion, vasculitis and luminal thrombosis may be
observed, typically in the ileocaecal region, and
this may be the cause of severe necrotizing gut
injury and perforation.

Biopsy of the rectum or anal canal in a patient
with HSV infection may reveal typical
intranuclear inclusion bodies or multinucleated
giant cells (Fig. 1b). In addition, the inflammatory
pattern in the rectum may show ulceration with
neutrophils within the lamina propria, cryptitis,
and crypt abscess formation. HSV is also easily
cultured.

In adenovirus-associated colitis, the mucosa
will show moderate architectural changes and
chronic inflammation. Infected colonic epithelial
cells can be seen at the surface, and they have the
appearance of dystrophic goblet cells with
a crescent-shaped or sickle-shaped amphophilic
nucleus that occasionally contains inclusion
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bodies. Adenovirus presence can be verified by
immunohistochemistry or electron microscopy.

Rotavirus and norovirus, most common causes
of viral gastroenteritis, are not known to cause
microscopic changes. Diagnosis of infection
with rotavirus normally follows diagnosis of
gastroenteritis as the cause of severe diarrhea.
Most children admitted to hospital with gastroen-
teritis are tested for rotavirus. A specific diagnosis
of infection with rotavirus is made by finding the
virus in the child’s stool by enzyme immunoassay.

Differential Diagnosis

Viral colitis, especially in an immunosuppressed
setting, needs to be differentiated (by means of
clinical presentation, blood tests, endoscopic
findings, biopsy examination, and/or cultures)
from other infections, such asCampylobacter infec-
tion, Clostridium difficile colitis, cryptosporidiosis,
and colitis caused by Mycobacterium Avium-
Intracellulare. In addition, CMV colitis may
mimic severe inflammatory bowel disease, so that
adequate biopsy sampling (with histologic investi-
gation for presence or absence of CMV in the
colonic tissue) in inflammatory bowel disease
patients is essential in a diagnostic work-up.
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Synonyms

Stomach or gastric flu (although the condition is
not related to the influenza virus)

Viral Colitis, Fig. 1 Hematoxylin/eosin stainings of viral
colitis subtypes: (a) presence of CMV inclusion bodies in
endothelial cells in the lamina propria (magnification

400�); (b) presence of HSV intranuclear inclusions in
the stratified epithelium of the anus (magnification 400�)
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Definition

Viral gastroenteritis is an infection caused by
a variety of viruses. The most common viruses
are rotavirus (so-called because of their wheel-
like morphology on electron microscopic
examination, belongs to the family of Reoviridae),
adenoviruses (non-enveloped viruses composed of
a nucleocapsid and a double-stranded linear DNA
genome), noroviruses (a diverse group of single-
stranded RNA viruses, belongs to the family of
Caliciviridae, so-called because many strains
have visible cup shaped depressions on electron
microscopy), and picornaviruses (named because
they are small and of RNA type). The infection
results in inflammation. It involves both the stom-
ach and the small intestine and sometimes the large
intestine, resulting in a combination of nausea,
vomiting, watery diarrhea, and abdominal pain
which may be cramping. The disease may be asso-
ciated with fever (rotavirus), headache, and muscle
pain. Symptoms usually begin 12–72 h after
contracting the infection and resolve within
1 week (norovirus: 24–48 h, rotavirus: a few
days). In countries with poor hygiene and sanita-
tion and less access to medical services, diarrhea
may persist and lead to dehydration. Fatal cases
can be observed. Rotavirus is believed to cause an
estimated 527,000 deaths among children less than
5 years of age especially in Asia and Africa.

Clinical Features

• Incidence
Infectious diarrhea is a universal health
problem that is responsible for extensive
morbidity and that accounts for important mor-
tality particularly for children in the develop-
ing world. An investigation on more than
30,000 patients hospitalized for diarrhea in
the USA found that less than 6% had an iden-
tified bacterial pathogen, leaving 94% without
a clear pathogen. This diagnostic void was
substantially filled in by the introduction of
reverse transcription-coupled polymerase
chain reaction (RT-PCR) for enteric viral path-
ogens. Viral gastroenteritis affects people in all

parts of the world. Among the viruses, rotavi-
ruses are the leading cause of diarrheal disease
in the world. They may affect yearly over 125
million children in developing countries.
Norovirus (Norwalk-like virus) is the most
common cause of community-acquired diar-
rhea across all ages, the most common cause
of outbreaks of gastroenteritis (40%) and the
most common cause of food-borne disease in
the USA affecting 23 million patients each
year. In adults, norovirus is also the most fre-
quently identified cause of acute gastroenteritis
in patients visiting an emergency department
with detection of 27% patients for whom stool
and serum specimens are available.

Adenoviruses types 40 and 41 (from species
F) cause acute diarrhea, especially as outbreaks
in children and can also be detected in the stools
of asymptomatic children. The incidence of
infection reported for children with gastroenter-
itis in developed countries has usually been
between 4% and 10%. Less common causes
are the Picornaviruses (PBVs) which incorpo-
rate Enteroviruses (including polio, Coxsackie
A and B, and echovirus), Astroviruses, and
Coronaviruses. They are detected in sporadic
episodes of diarrhea as sole pathogen or coin-
fection as well as in outbreaks and in immune-
compromised patients. However, they can also
be found in non-diarrheic healthy hosts.

Each virus has its own seasonal activity.
Rotavirus and astrovirus infections occur
more often during the cooler months of the
year (October to April), whereas adenovirus
infections occur throughout the year.
Norovirus infections occur the year round but
tend to increase in cooler months. In all age
groups, viral gastroenteritis is characteristi-
cally associated with epidemics and outbreaks
in institutional settings such as schools, child
care facilities, and nursing homes, but isolated
cases are also well recognized.

• Age
Viruses cause about 70% of episodes of infec-
tious diarrhea in the pediatric age group but.
viral gastroenteritis can occur at all ages. How-
ever, some viruses tend to cause diarrheal dis-
ease primarily in specific age groups. Virtually,
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all children have been infected with rotavirus by
the time they reach 2–3 years of age. Most
symptomatic episodes occur between 7 and 15
months. Children up to the age of 2 year suffer
more pronounced symptoms, while neonates
and adults are relatively immune from infection
and usually have only mild disease. Adenovi-
ruses and astroviruses cause diarrhea mostly in
young children, but older children and adults
can also be affected. Noroviruses are particu-
larly associated with outbreaks of diarrhea in
hospitals and residential facilities for the elderly.
Enteroviruses can cause severe gastroenteritis in
immune-compromised patients, and they may
be found in asymptomatic carriers. Astroviruses
are associated with gastroenteritis in children
but produce only mild symptoms in adults.

• Sex
There is no gender predilection.

• Site
The effects of viral gastroenteritis are mainly
seen in the stomach and small intestine.

• Treatment
Most cases of viral gastroenteritis last only a few
days, and therefore, affected persons do not com-
monly seek or need medical attention. Infants,
young children, older persons, and people with
unhealthy immune systems (due to cancer, poor
nutrition, human immune deficiency virus infec-
tion, or other chronic illnesses) may have more
severe cases of viral gastroenteritis. Antibiotics
or other specific medications are not generally
used to treat viral gastroenteritis. Dehydration is
the most common complication. Therefore,
affected persons should drink plenty of fluids,
eventually rehydration solutions. For severe
cases, hospitalization and intravenous rehydra-
tion may be needed.

Stopping transmission is the first strategy
for prevention. Hand-washing with water and
soap, before or after contacting a patient or
objects, is essential. Cleaning surfaces and
handling raw food with plastic gloves may be
useful. Several drugs, such as nitazoxandie,
have been tested to treat diarrhea caused by
virus gastroenteritis with positive results, and
particularly against rotavirus. A vaccine for
rotavirus is recommended for infants.

Macroscopy

There is no reliable description of a particular
macroscopic pattern as autopsies from fatal cases
are rarely performed.

Microscopy

The pathology at the microscopic level is not
specific. However, a variety of lesions have been
reported. Rotavirus is a lytic virus that causes
diarrhea primarily by the reduction of enzymes
of the brush-border of enterocytes (disacchari-
dases, lactase, etc.) and destruction of intestinal
villous epithelial cells. Rotaviruses replicate in the
gut. The virus can enter the cells by receptor
mediated endocytosis. Acute rotavirus (A) gastro-
enteritis may be associated with variable shorten-
ing of the villi, a moderate round cell infiltrate in
the lamina propria and elongation of crypts. Early
in the infection, supranuclear cytoplasmic vacuo-
lation and shedding of enterocytes from the apical
portion of the villi may be observed on routine
staining (Figs. 1 and 2). The microscopic aspect in
single cells is similar to what can be seen in
abetalipoproteinemia (and occasionally in juve-
nile nutritional megaloblastic anemia), but the
distribution of the affected cells is more discon-
tinuous in viral infection. The lamina propria
infiltrate looks “top heavy” or denser toward the
lumen. Lesions are often patchy in nature. Virus
particles, demonstrable by electron microscopy,
are present in the villi and crypts. Adenovirus
infection is associated with mild mixed mucosal
inflammation and slight increase in crypt cell apo-
ptosis. Loss of polarity of surface epithelial cells
with dystrophic goblet cells may suggest the
infection. Inclusions within the nucleus of surface
or crypt epithelial cells are readily demonstrable
by immunohistochemical techniques (Fig. 3).
Histological changes observed in norovirus infec-
tion include villous broadening, blunting and
irregularity and vacuolation of the surface
enterocytes. The villous changes induce
a reduction of the surface area by nearly 50%. In
addition, a reactive disarray of surface epithelial
cells can be seen. Surface and glandular epithelial

690 Viral Gastroenteritis



cells’ apoptosis and proliferation of glandular
cells are increased. Glandular apoptosis is
a feature shared with rejection, and infections in
intestinal transplant therefore show features that
overlap with allograft rejection. Expression of
tight junctional proteins occludin, claudin-4, and
claudin-5 is reduced. Intraepithelial lymphocytes
are increased (to 60 per 100 enterocytes). In the
lamina propria, polymorphonuclear and mononu-
clear cells are increased in correlation with symp-
tomatic illness. The four major serologically
distinct groups of Coronaviruses have been asso-
ciated with necrotizing enterocolitis in infants.

Immunophenotype

Because of the diversity of the viruses involved
in gastroenteritis, there is no specific immuno-
phenotype. Viruses can induce the production of
a variety of antibodies. Antibodies can be detected
with immunological methods for diagnostic pur-
poses. They show evidence of prior exposure. The
exact meaning of antibody positivity remains to be

Viral Gastroenteritis, Fig. 2 Rotavirus can induce
supranuclear vacuolization in surface epithelial cells

Viral Gastroenteritis, Fig. 3 Immunohistochemistry
can demonstrate the presence of adenovirus particles

Viral Gastroenteritis, Fig. 1 Rotavirus infection: low
power showing variable aspect of the villi with mildly
increased cellular infiltrate in the lamina propria
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determined. Seroprevalence studies have shown,
for instance, that up to 90% individuals develop
antibodies against noroviruses by adulthood. How-
ever, the humoral protection provided by these
antibodies against subsequent exposure remains
unclear. In vivo replication of rotaviruses is gener-
ally limited to enterocytes. Because of this restric-
tion, most blood circulating rotavirus-specific
B cells express the intestinal homing receptor
alpha4beta7.

Molecular Features

The different viruses are characterized by
a variety of molecular features. These can be
used for diagnostic purposes. Molecular DNA-
based diagnostics are increasingly used, and
real-time PCR provides a dramatic increase in
the detection of viruses.

However, overall, there is a problem because
of the wide genetic diversity. For rotavirus, for
instance, G and P serotypes have been defined by
the antigenicity of the outer capsid neutralization
proteins, VP7 and VP4, respectively. These sero-
types are often are used for molecular assays.
Recent genotype classification has been expanded
to include all 11 genome segments and in several
countries, especially in the developing world, an
extensive diversity is identified.

Differential Diagnosis

In the differential diagnosis, bacterial infections
by Campylobacter jejuni, Escherichia coli, Sal-
monella, Shigella, and Clostridium difficile, as
well as parasitic infections by Giardia lamblia
and Cryptosporidium, must be considered.
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Volvulus

Gabriel Becheanu
Department of Pathology, Fundeni Clinical
Institute, Carola Davila University of Medicine
and Pharmacy, Bucharest, Romania

Synonyms

Abnormal torsion; Twisting

Definition

A volvulus is an abnormal twisting of a digestive
segment with obstruction of its lumen and/or
blood supply. It can occur after birth as a result
of a malrotation of a digestive segment or because
of the absence of some intraperitoneal visceral
ligaments but can be present also in adult life as
a consequence of an elongated or abnormally
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mobile part of the digestive tract or secondary to
a local obstacle formed by adhesions, inflamma-
tion, or tumors.

Clinical Features

• Incidence
In children, volvulus is related to congenital
abnormalities which predispose to a laxity of
the segment movements, diaphragm anoma-
lies, or other abdominal defects.

Gastric volvulus is a rare entity with
unknown incidence, usually associated with
diaphragmatic congenital anomalies and wan-
dering spleen.

In pregnancy, volvulus is considered the sec-
ondmost common cause of intestinal obstruction.

Cecal and sigmoid volvulus was reported
more common in India, Africa (Nigeria, Ethi-
opia, Zimbabwe), and Scandinavian countries,
and it appears to be related to high-residue
meal or cereal diet which lead to an increased
fecal load with elongation of the mesentery.

Incidence of volvulus is probably under-
estimated because of the cases with spontane-
ous reduction.

• Age
Volvulus can occur in early life, usually in the
first year, as a consequence of a malrotation or
absence of organic ligaments and is unusual in
older children.

Sigmoid volvulus appears to be more fre-
quent in elderly people and patients with dia-
betes and neuropsychiatric disorders, and cecal
volvulus is more common in young patients.

• Sex
Males and females are equally affected in gas-
tric volvulus. In Western countries, sigmoid
volvulus usually occurs in elderly males with
chronic constipation and some with history of
mental diseases.

Cecal volvulus is more common in younger
females according to an American retrospec-
tive study.

• Site
The volvulus can involve different segments of
the digestive tract, from stomach to sigmoid.

Some forms of torsion were described espe-
cially in stomach such as organo-axial (around
of the longitudinal axis), mesentero-axial
(around an axis through the middle of the
stomach), and combination of both rotations
(combined volvulus).

For the large bowel, the most common sites
of volvulus are caecum and sigmoid colon with
twisting of the segment around itself and its
mesentery. The preponderance of sigmoid
involvement is evident in almost all studies
with an incidence between 50% and 75%
from all episodes of colonic volvulus.

• Symptoms
Clinical symptoms are related to obstruction of
the lumen and location of the volvulus. In
gastric volvulus, a Borchardt triad (1904) was
described: acute epigastric pain, retching with-
out vomiting, and difficulty to pass nasogastric
tube in the stomach.

Midgut volvulus in children can present
with biliary vomiting and bloody stools.

In cecal volvulus, symptoms of intestinal
obstruction like nausea, vomiting, lack of fecal
material, or flatus are common, but in sigmoid,
constipation is the prominent symptom. Clinical
examination reveals a distended, sensible abdo-
men, usually without peritonitis signs.

Chronic symptoms are nonspecific (wide-
spread abdominal pain), and volvulus can be
difficult to diagnose by clinicians, especially in
older people.

• Treatment
Acute gastric volvulus is a high digestive
occlusion due to torsion with 180 grades of
one part around another part of the stomach
and is considered a surgical emergency. The
procedure usually performed is anterior
gastropexy, with fixation of the stomach to
the anterior abdominal wall.

Nonsurgical colonoscopic decompression
is usually selected in elderly persons because
of different comorbidities but can also be used
in clinically stable patients without signs of
ischemia or perforation of the bowel. Resective
procedures are indicated in cases of necrosis of
the intestinal wall. Detorsion with or without
fixation techniques is uncommon.
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• Outcome
Untreated volvulus results in strangulation,
with ischemia, necrosis, and finally perforation
of the digestive wall with peritonitis. The pres-
ence of gangrene and coagulopathy highly pre-
dicts mortality, so the prompt diagnosis and
management are crucial.

Macroscopy

Features on the resection piece depend on the
type of obstruction: complete or partial venous
obstruction associated or not with arterial
obstruction. The bowel is distended with
disappearing of the mucosal folds, with hemor-
rhagic infarcts and wall necrosis. The serosal
surface appears dark red to brown and largely
distended (Fig. 1). The obstructed bowel can be
long with a thin wall – feature described espe-
cially in geographical areas with specific cereal
diet, or appears with thickening of muscular wall
and fibrous scarring in chronic volvulus with
repeated episodes. A rare variant of sigmoid
volvulus – ileo-sigmoid knotting – presents
when a loop of the ileum knots around the base
of a sigmoid volvulus with gangrene of the walls.
Lymphatic congestion cad lead to a cyst forma-
tion in the mesentery and/or chylous ascites in
the peritoneal cavity.

Microscopy

Microscopically, intestinal wall presents sub-
serosal and submucosal venules congestion in
mild forms and venous infarction of the obstruc-
tive area, ulceration with granulation tissue in
the submucosa, and sometimes granulomatous
inflammation in acute forms. Reactive hyperpla-
sia in the mesenteric lymph nodes was also noted.
Chronic volvulus determines repeated ischemic
strangulations of the wall with fibrosis frequently
extending into the mesenteric tissue.

Differential Diagnosis

CT scan, MRI examination, and flexible endos-
copy are important tools for the positive diagno-
sis, but in gastric volvulus, barium swallow is
considered the gold standard method.

Differential diagnosis includes other causes of
digestive obstruction like tumors, chronic active
inflammatory bowel diseases, diverticulitis
with ileus, intussusception, chronic constipation,
and trauma.

References and Further Reading

Ballantyne, G. H., Brandner, M. D., Beart, R. W., Jr., &
Ilstrup, D. M. (1985). Volvulus of the colon. Incidence
and mortality. Annals of Surgery, 202(1), 83–92.

Cirocchi, R., Farinella, E., La Mura, F., Morelli, U.,
Trastulli, S., Milani, D., Di Patrizi, M. S., Rossetti, B.,
Spizzirri, A., Galanou, I., Kopanakis, K., Mecarelli, V.,
& Sciannameo, F. (2010). The sigmoid volvulus: Sur-
gical timing and mortality for different clinical types.
World Journal of Emergency Surgery, 5, 1.
doi:10.1186/1749-7922-5-1.

Halabi, W. J., Jafari, M. D., Kang, C. Y., Nguyen, V. Q.,
Carmichael, J. C., Mills, S., Pigazzi, A., Stamos, M. J.
(2013). Colonic volvulus in the United States:
Trends, outcomes and predictors of mortality. Annals
of Surgery. doi:10.1097/SLA.obo13e31828c88ac.

Mallick, I. H., & Winslet, M. C. (2004). Ileosigmoid knot-
ting. Colorectal Disease, 6(4), 220–225.

Türkmen, N., Eren, B., Fedakar, R., & Bulut, M. (2008).
Mesenteric volvulus in children: Two autopsy cases
and review of the literature. Journal of Ayub Medical
College, Abbottabad, 20(2), 133–135.
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Zenker’s Diverticulum

Catarina Fidalgo and Sandra Faias
Instituto Português de Oncologia de Lisboa
Francisco Gentil, E.P.E., Lisboa, Portugal

Synonyms

Cricopharyngeal diverticulum; Hypopharyngeal
diverticulum; Pharyngoesophageal diverticulum;
Pharyngoesophageal pouch; Posterior pulsion
pharyngeal diverticulum; Retropharyngeal
diverticulum

Definition

Pharyngoesophageal diverticulum refers to an
acquired outpouching of the esophageal mucosa
and submucosa, occurring in an area of relative
muscular weakness. This area, known as Killian’s
triangle, corresponds to the zone where the trans-
verse fibers of the cricopharyngeus muscle intersect
the oblique fibers of the inferior pharyngeal con-
strictor muscle. These diverticula are false divertic-
ula as they are a herniation of mucosa and
submucosa through the muscular wall. A possible
causal mechanism would be an increased luminal
pressure caused by impaired upper esophageal
sphincter relaxation. Other findings such as achala-
sia, cricopharyngeal incoordination, or congenital

weakness have been implicated, and gastroesopha-
geal reflux could also play a role. Nevertheless the
exact etiology remains unclear. The most common
presenting symptom is dysphagia (80% of cases).
Regurgitation of undigested food is also frequent,
mostly nocturnal, and can result in aspiration or
even asphyxia. Recurrent aspiration with chronic
cough is present in 30–40% of cases and can result
in pneumonia. If regurgitation precipitates recurrent
vomiting, weight loss can occur. Burdensome
symptoms associated with pharyngoesophageal
diverticulum are halitosis and dysphonia. A very
specific sign is cervical borborygmi. Rarely, bleed-
ing from an ulcerated diverticulum can occur,
namely, after corrosive damage by a retained pill.
Finally, malignant transformation with squamous
cell carcinoma can occur within the pouch
(incidence between 0.4% and 1.5%), sometimes
signaled by hemoptysis, hematemesis, or a sudden
increase in the severity of dysphagia.

Diagnosis of pharyngoesophageal diverticu-
lum can be suspected from clinical history and
supported by the findings of a cervical mass with
crepitation or borborygmi. Diagnosis is
established by a barium esophagogram, which
typically shows the diverticulum filled with
barium or with an air-fluid level, sometimes
blocking the barium passage to the esophageal
lumen. Barium swallow can miss small
diverticula. An asymptomatic diverticulum can
be seen on an upper endoscopy performed
for unrelated complaints. It is useful to be aware
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that a diverticulum exists during esophageal
or orotracheal intubation as it can be
accidentally perforated during these maneuvers
(Figs. 1 and 2).

Clinical Features

• Incidence
Pharyngoesophageal diverticula are the most
common diverticula of the upper gastrointesti-
nal tract. The estimated prevalence is between
0.1% and 0.01%. There is considerable geo-
graphical incidence variation, which has been
attributed to biotype differences. The true inci-
dence is difficult to estimate because there is
a proportion of asymptomatic cases.

• Age
Presentation typically occurs in the seventh or
eighth decade of life. Anamnesis often reveals
that symptoms were present for many years
before diagnosis.

• Sex
Gender distribution has a male preponderance,
with about 2:1 male/female proportion.

• Site
Pharyngoesophageal diverticulum develops in
the cervical esophagus, in an area called
Killian’s triangle, which is the zone where the
transverse fibers of the cricopharyngeus mus-
cle intersect the oblique fibers of the inferior
pharyngeal constrictor muscle. It is located on
the posterior hypopharyngeal wall, proximally
to the upper esophageal sphincter.

• Treatment
There are many treatment options for
pharyngoesophageal diverticulum. In asymp-
tomatic patients, with an accidental diagnosis
from tests performed for unrelated symptoms
(barium swallow or endoscopy), no treatment
is the best option. In fact, the majority of these
accidentally found diverticula do not become
symptomatic over time and follow-up is enough.
Minimally symptomatic diverticula or those in
patients with high morbidity/surgical risk can be
better left untreated with decision made on
a case-to-case basis. Symptomatic medically fit
patients should be offered treatment in order to
end symptoms and prevent complications.

Open surgery is the advisable treatment
option for patients with diverticula larger than
5 cm, especially in young fit candidates. This
modality allows optimal exposure while

Zenker’s Diverticulum, Fig. 1 Barium Esophagogram
showing a pharingo-esophageal diverticulum wih an air-
fluid level. (Courtesy of António Bettencourt and Daniela
Pinto, IPOLFG, EPE)

Zenker’s Diverticulum, Fig. 2 Barium Esophagogram
showing a pharingo-esophageal diverticulum wih an air-
fluid level. (Courtesy of António Bettencourt and Daniela
Pinto, IPOLFG, EPE)
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minimizing the risk of damaging thoracic
structures. Reported mortality and morbidity
are 1–2%. The most common complications
are esophago-cutaneous fistula, left vocal
cord palsy as a result from recurrent laryngeal
nerve lesion and rarely hematoma, wound
infection, or respiratory tract infection. By
this external approach, a diverticulectomy can
be done or instead a diverticulopexy, the latter
consisting on the suspension of the diverticu-
lum. Another option is to perform an inversion
of the pouch. In any case, upper esophageal
sphincter myotomy must be performed to pre-
vent recurrence. More recently, transoral
approaches have been developed. Initially
using rigid endoscopes, these procedures are
performed by ear, nose, and throat surgeons,
with the need for neck hyperextension under
general anesthesia. These aspects make candi-
dates with severe morbidities or with cervical
spine pathology unsuitable for this modality.
Later on, flexible endoscopes became popular.
With these, general anesthesia and neck hyper-
extension are not needed and can be performed
as an outpatient procedure in most cases. This
transoral technique implies the division of
the septum between the esophagus and
the diverticulum. It obviously includes
a cricopharyngeus myotomy as this muscle is
contained in the septum. Several endoscopic
gadgets have been developed or adapted to
perform this (argon plasma coagulation,
needle-knife incision, or monopolar coagula-
tion forceps). The downside for this treatment
modality is that is not feasible in short
diverticula (<3 cm) and may take several
sessions for final resolution accomplishment.
Nowadays, although formal recommendations
still regard transoral route as an alternative
for unfit candidates, it is increasingly
being offered as a first-line option in many
countries, according to local expertise (Figs. 3
and 4).

• Outcome
Complications of untreated pharyngoe-
sophageal diverticula include retained foreign
body and bezoar, tracheal fistula, vocal cord

paralysis, fistula to the prevertebral ligament
with cervical osteomyelitis, peptic ulceration,
and hemorrhage. Post-open surgery recurrence
can be an issue, especially if cricopharyngeal
myotomy is not performed and the risks

Zenker’s Diverticulum, Fig. 3 Endoscopic view of both
esophageal and diverticular lumens (above) and pharingo-
esophageal diverticulum’s cul de sac (below). (Courtesy of
Pedro Lage, IPOLFG, EPE)

Zenker’s Diverticulum, Fig. 4 Endoscopic view of both
esophageal and diverticular lumens (above) and pharingo-
esophageal diverticulum’s cul de sac (below). (Courtesy of
Pedro Lage, IPOLFG, EPE)

Zenker’s Diverticulum 697

Z



inherent to general anesthesia and surgery
should be considered.

Macroscopy

Macroscopically, an outpouching is seen on the
posterior esophageal wall in an area called
Killian’s triangle (where the transverse fibers of
the cricopharyngeus muscle intersect the oblique
fibers of the inferior pharyngeal constrictor
muscle).

Microscopy

Pharyngoesophageal diverticulum is a pseudo-
diverticulum, meaning it comprises the mucosal
and submucosal layers of the esophageal wall,
through a defect in the muscular lining. The his-
tology of the pouch shows a sac lined with strat-
ified squamous epithelium and the submucosa
with fibrous tissue surrounding it. Near the neck
of the pouch, sparse muscle fibers can be found
(Fig. 5). Sometimes erosions or ulcers can be seen
due to mucosal damage by retained food or pills.
Rarely squamous cell carcinoma may develop
inside the diverticulum.

Immunophenotype

No immunophenotypic features have been
identified as associated with pharyngoesophageal
diverticulum. It is thought to be more prevalent in
certain regions of the globe, which can be due to
variations in individual height. It is postulated
that taller individuals have an increased probability
of developing pharyngoesophageal diverticula
supposedly because, in taller individuals, the
Killian’s triangle is of greater size.

Molecular Features

No distinctive molecular features have been pro-
posed in this condition.

Differential Diagnosis

Congenital or acquired pharyngeal diverticula
(lateral or posterolateral), Killian-Jamieson diver-
ticulum (posterolateral), pharyngoceles (raised
intrapharyngeal pressure).
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Zollinger-Ellison Syndrome
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Definition

Zollinger-Ellison syndrome (ZES) is a complex
clinicopathologic condition that develops second-
ary to autonomous production of gastrin and is
characterized by massive acid secretion and
severe peptic ulcer disease.

Clinical Features

Presentation
The autonomous hypergastrinemia leads to
persistent and massive secretion of acid and pep-
sin, giving rise to multiple refractory peptic
ulcers. Abdominal pain, primarily related to the
ulcers, is observed in the majority of patients and
frequently is accompanied by weight loss.
Severe esophagitis and symptoms of gastro-
esophageal reflux disease, as well as
duodenojejunitis and duodenal ulcers, are com-
mon findings. In addition, diarrhea is observed in
30–70% of patients, with malabsorption and ste-
atorrhea resulting from concentrated acid enter-
ing the small bowel. The presenting symptoms
are similar in the 25% of patients with Zollinger-
Ellison syndrome who have MEN-1 syndrome,
although they may be present at a younger age
and more frequent history of nephrolithiasis.
Most have a family history of endocrinopathy
as well.

Laboratory Tests
An elevated level of fasting serum gastrin level
greater than 1,000 pg/mL (a 10� increase) is

virtually diagnostic of ZES. Other diagnostic
evaluations include a positive secretin test result
(secretin injection followed by elevation of gastrin
greater than 200 pg/mL, above base level) and
a basal acid output greater than 15 mEq/h or
resting intragastric pH < 2.0.

Etiology/Pathogenesis
Eighty percent of ZES patients are diagnosed with
a sporadic primary gastrin-producing neoplasm.
In 20–25% of ZES patients, the gastrinomas are
associated with multiple endocrine neoplasia type
1 (MEN-1) syndrome. Primary gastric G cell
hyperplasia without the presence of gastrinoma
is reported rarely (<5% of patients).

Mechanically, G cell hypersecretion takes
place outside the acid feedback loop. Secondarily,
gastrin’s strong stimulatory and tropic effect on
ECL cells and parietal cells results in increased
HCl secretion and high basal secretory rates.

• Incidence
ZES has an incidence of 0.1–3 per million
population in the United States and comprises
0.1% of all duodenal ulcer patients.

• Age
Zollinger-Ellison can affect adults and children
alike, with age range 7–90 years (average age
50 years).

• Sex
There may be a slight male predominance.

• Site
About 50–70% of gastrinomas are located in
the duodenum, and 20–40% of cases eventu-
ally will be detected in the pancreas. Less than
5% of cases are in other intra-abdominal sites.

• Treatment
Patients with ZES require long-term medical
therapy for adequate control of gastric acid
hypersecretion with proton pump inhibitors
such as omeprazole or lansoprazole. Partial
or total gastrectomymay be required for intrac-
table cases. The treatment also should be
directed against the gastrin-producing
neoplasm. Patients with sporadic gastrinomas
that are localized and without metastases are
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ideal candidates for surgical removal. Patients
with hepatic or distant metastases are managed
with chemotherapy, hormonal therapy, or sur-
gical debulking. Achieving surgical cure in
ZES patients with MEN-1 is more difficult.
Parathyroidectomy in some patients with
hyperparathyroidism decreases fasting gastrin
levels.

• Outcome
Sixty to ninety percent of gastrinomas are
malignant. However, ZES patients who have
had a successful tumor resection show
a 60–100% survival rate at 10 years. In con-
trast, patients with unresectable tumors have
a 40% survival rate at 5 years; in the absence
of liver metastases, 30% of patients have long-
term survival. MEN-1 patients have better 5-
and 10-year survival rates than do those with
sporadic ZES (62–85% vs. 50–70%).

Macroscopy

ZES is characterized by massive hypertrophy of
gastric rugae in the body and fundus that can
range from 0.6 to 4.5 cm in thickness, whereas
the antral mucosa often regresses in span (Fig. 1).
Duodenal ulcerations are commonly seen as well
and most frequently noted in the first part of the
duodenum. However, they also can affect the
more distal duodenum and jejunum.

Microscopy

The trophic effect of gastrin causes increased
thickness of the oxyntic mucosa in Zollinger-
Ellison patients. Parietal cells show hypertrophy
and hyperplasia and extend up to the foveolar
neck region (Figs. 2 and 3). They often extend to
the gastric antrum. Gastrin hypersecretion also
causes hyperplasia of ECL cells in the oxyntic
mucosa, leading to linear and nodular ECL hyper-
plasia. Eventually, low-grade neuroendocrine
tumor (carcinoid tumors) can arise in MEN-1-
associated ZES, but not in patients with sporadic
ZES. Fundic gland polyps secondary to proton
pump inhibitor therapy may be observed.

Immunohistochemical Evaluation

Gastrinoma will stain with chromogranin, syn-
aptophysin, and gastrin immunostains. ECL
hyperplasia and gastric carcinoids stain with
chromogranin and vesicular monoamine

Zollinger-Ellison Syndrome, Fig. 1 Gastrectomy spec-
imen showing the typical enlarged gastric folds of
Zollinger-Ellison with a small peptic erosion

Zollinger-Ellison Syndrome, Fig. 2 Scanning view of
hypertrophic oxyntic mucosa. Note the elongation of the
glands with parietal cell hyperplasia and cystic glandular
changes
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transporter, isoform 2 (VMAT-2). ECL cells are
negative for gastrin, somatostatin, and serotonin.

Differential Diagnosis

• Other hypertrophic gastropathy could be
considered in the differential diagnosis.

• Ménétrier disease is associated with giant
foveolar hyperplasia with cystic formation and
mucus glands of the oxyntic mucosa. However,
atrophy of the parietal glands is noted.

• Lymphocytic gastritis is characterized
by increased intraepithelial lymphocytic
exocytosis with foveolar hyperplasia. It can
be sporadic, but is also frequently associated
with either gluten-sensitive enteropathy or
H. pylori infection. Pediatric cases have been
associated with CMV infection as well.

• In rare cases, chronic active H. pylori gastritis
can be associated with antral G cell hyperpla-
sia, acid hypersecretion, and peptic ulcer
disease. However, the presence of curved
bacilli and superficial chronic active gastritis
will help distinguish it from ZES.

• Linitis plastica secondary to the infiltrating
poorly cohesive adenocarcinoma may be asso-
ciated with hypertrophic gastric folds. How-
ever, neoplastic infiltration reveals the
diagnosis. Similarly, infiltrative malignant
may present with hypertrophic gastric folds.

References and Further Reading

Berna, M. J., et al. (2008). A prospective study of gastric
carcinoids and enterochromaffin-like cell changes in
multiple endocrine neoplasia type 1 and Zollinger-
Ellison syndrome: Identification of risk factors. The
Journal of Clinical Endocrinology and Metabolism,
93(5), 1582–1591.

Ellison, E. C., et al. (2009). The Zollinger-Ellison
syndrome: A comprehensive review of historical,
scientific, and clinical considerations. Current
Problems in Surgery, 46(1), 13–106.

Jensen, R. T., & Norton, J. A. (2010). Chapter 32:
Endocrine tumors of the pancreas and gastrointestinal
tract. In Sleisenger and Fordtran’s gastrointestinal and
liver disease (9th ed., Vol. 1, pp. 491–522).
Philadelphia: Saunders Elsevier.

Metz, D. C., et al. (2001). Replacement of oral proton
pump inhibitors with intravenous pantoprazole to
effectively control gastric acid hypersecretion in
patients with Zollinger-Ellison syndrome. The
American Journal of Gastroenterology, 96(12),
3274–3280.

Norton, J. A., et al. (2007). Role of surgery in Zollinger-
Ellison syndrome. Journal of the American College of
Surgery, 205(4 Suppl), S34–S37.

Zollinger-Ellison Syndrome, Fig. 3 Oxyntic fundic
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