®

Check for
updates

Drugs-Induced Injury, Infections,
Vascular, Congenital, and Miscellaneous

Disorders

Vishal S. Chandan

Drug-Induced Injury

Medication-associated gastric injuries have been known for
decades. The first report on aspirin-associated gastric injury
was published in 1938 [1]. In the recent years, the number
of different drug-associated gastric injuries has signifi-
cantly increased. Some of the injury patterns are nonspe-
cific but generate a differential diagnosis which could be
narrowed to a specific drug by incorporating the clinical
history and patient’s medication list. However, specific pat-
terns of injury can also be seen which are typically associ-
ated with a particular drug. A surgical pathologist’s
familiarity with the general and specific patterns of drug-
induced injury to the stomach can be an invaluable tool to
pathologic interpretation. Recognition and reporting of
drug-induced injury by pathologists can alert clinicians to
this under-recognized condition that can usually be easily
corrected.

Iron Pill-Associated Gastric Injury

Oral iron medication is commonly used to treat and prevent
iron deficiency anemia. Ferrous sulfate is the most common
iron medication associated with gastric injury. Iron overdose
can cause severe corrosive injury to the stomach and result in
ulceration and hemorrhagic necrosis which can even lead to
gastric perforation in severe cases [2, 3]. However, a small
subset of patients can also develop localized gastric mucosal
injury from iron tablet ingestion at the therapeutic level due
to impaction of iron material [4, 5]. Iron pill-associated gas-
tric injury can cause various endoscopic abnormalities such
as erythema, erosion, ulceration, subepithelial hemorrhages,
flat black dots, and even dark brown appearance of gastric
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mucosa. Rarely, iron-induced gastric ulceration can also
mimic gastric carcinoma both radiologically and endoscopi-
cally [6]. The pathogenesis of mucosal injury related to ther-
apeutic iron medication is not well understood. However, it
is most likely a combined effect of dysmotility or preexisting
mucosal damage and prolonged contact of trapped iron pill
material.

Identification of iron deposition in the gastric mucosa is
usually straightforward. Iron pill material shows a character-
istic brown crystalline and clumpy fibrillary material which
is refractile but not polarizable (Fig. 8.1a). This material rep-
resents oxidized inorganic iron and is generally extracellular.
Most of the time, this brown crystalline material is luminal,
seen adjacent to the surface epithelium and admixed with
luminal inflammatory exudate (Fig. 8.1b). It can be also seen
deposited within the lamina propria, either covered by intact
epithelium or adjacent to superficial erosions or even within
granulation tissue. A small subset of cases may show iron-
containing thrombi in mucosal blood vessels or iron deposi-
tion within mucosal vessel walls.

The adjacent gastric mucosa can show reactive foveolar
hyperplasia with mucin depletion and elongated tortuous
gastric pits (Fig. 8.2). The gastric epithelium can show
marked epithelial atypia with prominent nucleoli, retained
mucosal architecture, low nuclear to cytoplasmic ratio, and
lack of nuclear hyperchromasia and should be differentiated
from dysplasia.

Hemosiderin deposition can also be frequently seen
within the surface epithelium and/or the gastric glands. On
an iron stain, the crystalline iron pill material can be easily
distinguished from hemosiderin pigment, despite positive
staining for both on the iron stain (Fig. 8.3).

Proton Pump Inhibitors

Proton pump inhibitors (PPIs) are very commonly used for
treatment of reflux esophagitis and gastric peptic ulcer dis-
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Fig. 8.1 Tron pill-associated gastric injury. Brown crystalline and clumpy fibrillary iron pill material encrusted on the surface epithelium with
erosive injury (a). Refractile iron pill material is admixed with luminal inflammatory exudate (b)

Fig. 8.2 Reactive epithelial changes in iron pill-associated injury.
Gastric mucosa shows reactive foveolar hyperplasia and elongated tor-
tuous gastric pits

ease. These medications are freely available over the counter
and are very effective in reducing gastric acidity. However,
there is some concern about their long-term usage leading to
gastric polyps, atrophic gastritis, and even gastric endocrine
cell hyperplasia.

A subset of patients develop gastric parietal cell hyper-
plasia within the body, characterized by enlarged and
increased parietal cells protruding into the gastric glands
and even imparting a serrated appearance to the glandular
lumen (Fig. 8.4). The obstruction of the acid flow by the
hypertrophic parietal cells presumably leads to fundic
gland cysts and fundic gland polyps. Several studies have
confirmed prolonged use of PPIs with development of fun-
dic gland polyps [7-9]. A study has also shown disappear-
ance of the fundic gland polyps with discontinuation of

Fig. 8.3 The crystalline iron pill material is positive on the iron stain.
There is also iron deposition within the crypt lumen and occasional
within the gastric epithelial cells (arrowheads)

PPIs and recurrence with resumed use of PPIs, further sup-
porting the relationship between PPIs and fundic gland
polyps [10]. However, some authors disputed this associa-
tion [11, 12].

Long-term PPI usage has also been associated with two-
to fourfold increase in serum gastrin levels in some patients
[13—16]. Similarly, due to increased gastrin levels, endocrine
cell hyperplasia has also been seen in some patients on long-
term PPI usage [16—18]. However, no increased risk of gas-
tric neuroendocrine tumors has been reported with long-term
PPI usage. PPI usage among H. pylori-infected patients has
also been associated with aggravation of gastritis and atro-
phy of gastric corpus [13, 17-21]. Hence, there has been sug-
gestion about patients being tested for H. pylori before
long-term PPI therapy [19].
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Fig. 8.4 Proton pump inhibitors’ effects. Enlarged and increased pari-
etal cells protruding into the gastric glands with a serrated appearance
to the glandular lumen in body and fundus

OsmoPrep-Associated Gastritis

OsmoPrep is a tablet form of osmotic laxative sometimes
used for bowel preparation as a colon preparatory agent. It is
usually used in patients who cannot tolerate the large chalky
fluid which constitutes the more commonly prescribed liquid
sodium phosphate agent. The active ingredient is sodium
phosphate and has been associated with risk of acute phos-
phate nephrotoxicity.

In a recent study, a subset of patients who were prescribed
OsmoPrep showed purple to black inorganic deposits in the
superficial lamina propria of the stomach [22]. The deposits
varied in size (<100 m) and showed irregular contour with
the appearance of crushed pill fragments. The gastric mucosa
showed features of reactive gastropathy with marked reac-
tive epithelial changes, including mucin loss and nuclear
hyperchromasia. No erosions or ulcers were seen. However,
in some cases congestion and mild edema were seen adjacent
to these deposits. The differential for these deposits included
iron pill material and mucosal calcinosis. However, these
OsmoPrep deposits were positive on von Kossa stain but
negative on alizarin red (a calcium chelating dye) arguing
against mucosal calcinosis. The deposits were also negative
on Perl’s iron stain.

Mycophenolate Mofetil

Mycophenolate mofetil (MMF) is an immunosuppressant
used in solid organ and bone marrow as well as stem cell
transplant patients to prevent allograft rejection and graft
versus host disease (GVHD), respectively. It is also used to
treat some autoimmune and inflammatory diseases such as

psoriasis, lupus nephritis, and myasthenia gravis. The histo-
logical hallmark of MMF-associated injury is increased
apoptosis, characterized by condensation and fragmentation
of blue nuclear and pink cytoplasmic material with an empty
space surrounding the degenerated cell components. Gastric
biopsies can show a range of histological changes varying
from severe reactive gastropathy, Crohn’s-like features
including granulomatous inflammation, to nonspecific
changes [23, 24]. A small subset of patients can also show
ballooning degeneration of the parietal cells characterized by
enlarged parietal cell to more than twice its normal size and
clearing of the cytoplasm [24].

Medications Associated with Mitotic Arrest
(Colchicine and Taxol)

Colchicine is an alkaloid used for treatment of gout and
other medical conditions including immune/rheumatologic
disorders. Colchicine exhibits antimitotic activity due to its
ability to bind to tubulin and preventing the polymerization
of tubulin into microtubules. Patients with renal and/or
hepatic failure may develop colchicine toxicity. The most
noticeable feature of colchicine toxicity is mitotic arrest in
metaphase with absent mitotic spindles and bizarre chroma-
tin patterns, especially ring mitosis (Fig. 8.5) [25, 26]. The
mucous neck region of the stomach usually shows the prom-
inent mitosis with colchicine toxicity. The gastric foveolar
epithelium may also show enlarged hyperchromatic nuclei
with loss of polarity and epithelial stratification. Increased
apoptosis may also be seen. It is important for the patholo-
gists to recognize the epithelial atypia to be related to col-
chicine toxicity in order to avoid confusion with high-grade

Fig. 8.5 Colchicine toxicity. Gastric biopsy from a chronic renal fail-
ure patients taking colchicine shows mitotic arrest in metaphase (ring
mitosis, arrowheads) and increased apoptosis
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dysplasia. These changes are not seen in patients taking col-
chicine who do not have clinical evidence of toxicity. Hence
when these changes are identified by the pathologists, it is
important to reconcile with the patient’s medication list,
since if colchicine is the offending agent, then the patient is
probably toxic. Of note, even therapeutic doses of colchi-
cine may rarely cause ring mitosis, especially in colorectal
polyps [27]. The histological findings of colchicine toxicity
regress on cessation of the drug.

Taxol (paclitaxel) is a chemotherapy drug used to treat
malignancies of lung, esophagus, and breast. Taxol binds to
the microtubules of the mitotic spindle causing metaphase
arrest. Like colchicine, Taxol causes increased and arrested
mitotic activity including ring mitosis [25, 28]. The mitotic
figures are predominantly seen in the proliferative zone of
the gastric mucosa. Taxol effects are histologically identical
to those of colchicine toxicity and morphologically indistin-
guishable. However, the histological features of Taxol effect
can be seen in any patient undergoing chemotherapy with
this drug, and unlike colchicine, mitotic arrest and ring mito-
sis after Taxol administration do not indicate Taxol toxicity.
Rarely, patients with telomere-mediated disorders may also
show ring mitosis and apoptosis [29].

Nonsteroidal Anti-inflammatory Drugs
(NSAIDs)

NSAIDs are widely used for their analgesic and anti-
inflammatory effects. They prevent prostaglandin synthesis
by inhibiting cyclooxygenase-1 (COX-1) and cyclooxygen-
ase-2 (COX-2). The decreased prostaglandin synthesis
results in mucosal ischemia and decreased mucosal integrity
within the gastrointestinal tract due to decreased production

of mucosal protectants. Within the stomach, three major his-
tologic types of gastric injuries are noted: acute hemorrhagic
gastritis (described in detail in Chap. 6), ulcers, and reactive
gastropathy (described in detail in Chap. 6) [30, 31]. NSAID-
related erosions frequently develop in the gastric body,
whereas NSAIDs ulcers are often large, multiple, and pain-
less and develop in the antrum [32, 33].

Chemotherapy and Radiation-Associated
Changes

Chemotherapeutic agents, such as 5-fluoro-2-deoxuridin
(FUDR) and mitomycin C when used for hepatic arterial infu-
sion chemotherapy, have been associated with erosions and
ulcers within the distal stomach [34, 35]. In some patients,
chemotherapy-related gastric ulcers may show marked epithe-
lial atypia that can be mistaken for gastric dysplasia or even
early carcinoma [36, 37]. These changes can be distinguished
from “true” dysplasia by its patchy distribution, absence of a
mass lesion, surface maturation, lack of intestinal metaplasia,
lack of infiltrative pattern, open nuclear chromatin with promi-
nent nucleoli, retained nuclear polarity, lack of atypical mitosis,
and cytoplasmic eosinophilia and/or vacuolization [38].
Yttrium-90 microspheres injected for selective internal
radiation can be associated with gastric ulceration and pres-
ence of black microspheres within the mucosal capillaries
[39, 40]. This occurs when the Yttrium-90-labeled micro-
spheres accidentally enter the arteries supplying the stom-
ach, causing unintended radiation damage. The stomach
shows lamina propria hyalinization, atypical stromal and
endothelial cells, as well as damaged ectatic vessels
(Fig. 8.6a). The microspheres are basophilic and uniform
and measure about 30—40 m in diameter (Fig. 8.6b) [40, 41].
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Fig.8.6 Yttrium-90-induced gastric mucosal injury. The stomach shows lamina propria hyalinization and basophilic, uniform Yttrium-90 micro-

spheres within lamina propria (a) and granulation tissue (b)
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Resins (Kayexalate-Sorbitol, Cholestyramine,
Colesevelam, Colestipol, and Sevelamer)

Resins are nonabsorbable medications which act as plat-
forms for ion exchange in the gastrointestinal tract. The com-
monly used resins include Kayexalate (sodium polystyrene
sulfonate), sevelamer, and bile acid sequestrants (BAS).
Kayexalate-sorbitol enemas are used for treatment of
hyperkalemia in patients with renal insufficiency. Kayexalate
is a cation exchange resin that picks up excess potassium
ions in exchange for sodium ions within the large intestine.
The resin and excess potassium ions are then excreted in the
stool. Sorbitol is a laxative agent which is administered with
Kayexalate, as it can cause constipation and bezoar forma-
tion. However, as a result of vascular shunting due to osmotic
load, a subset of patients with uremia can develop gastroin-
testinal tract ischemia and even necrosis [42—44]. There is
also some suggestion that Kayexalate can itself directly
inflict mucosal injury [43]. Within the stomach, hemorrhagic
gastritis, serpiginous ulcers, and erosions have been described
to be related to Kayexalate-sorbitol (Fig. 8.7a) [42, 44, 45].
Kayexalate crystals are rhomboid or triangular in shape and
deeply basophilic on hematoxylin and eosin (H&E) stain
(Fig. 8.7b). They also can be highlighted on PAS-D (the
crystals are magenta color), Diff-Quik, and acid-fast stains
(the crystals are black). They exhibit a distinctive internal
mosaic pattern that resembles fish scales [42]. These crystals
are refractile but do not polarize. The crystals remain attached
to the intact mucosa or can be seen admixed with the inflam-
matory exudates in cases with ulcers or erosions.
Cholestyramine is a bile acid sequestrant which is clini-
cally used in treatment of hyperlipidemia. Cholestyramine
crystals are irregularly shaped and have a near black to deep
red to bright orange color on H&E stain depending on the

tissue thickness and stain variability [46—48]. They also lack
the fish-scale pattern of Kayexalate and appear to have a
smooth glassy texture (Fig. 8.8). Large cholestyramine crys-
tals may occasionally show irregular cracking lines but still
would lack the geometric fish scale pattern. They appear dull
yellow on acid-fast stain and variable gray or hot pink on
PAS-D stain [48, 49]. Cholestyramine is probably not
directly harmful to the gastrointestinal tract mucosa, but it
can potentiate preexisting lesions, thereby increasing the risk
of bleeding [49]. However, in the stomach, it has been asso-
ciated with superficial erosions to ulcerations [50].
Colesevelam and colestipol are also bile acid sequestrants
that are used to treat diarrhea, hypercholesteremia, and dys-
lipidemia. They probably lack the ability to cause significant

. a

Fig. 8.8 Cholestyramine crystals. Cholestyramine crystals (arrow-
heads) are irregularly shaped and have a near black to deep-red to bright
orange color with smooth glassy texture and no fish scale on H&E stain

Fig. 8.7 Kayexalate-sorbitol-associated gastric injury. Kayexalate crystals present in gastric ulcer (a). Kayexalate crystals are rhomboid or trian-
gular in shape and deeply basophilic with mosaic pattern that resembles fish scales on H&E stain (b)
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direct mucosal injury to the gastrointestinal tract [48].
However, crystals can be seen occasionally within stomach
biopsies. Morphologically the crystals of colesvelam and
colestipol are identical to cholestyramine crystals and cannot
be distinguished from one another.

Sevelamer carbonate is another anion exchange resin
which is a phosphate binder. It is used in patients with
chronic renal failure to treat hyperphosphatemia. It has been
associated with gastric mucosal injury, but its exact etiologi-
cal role remains unclear as it may just be an innocent
bystander [47]. On the H&E stain the crystals of sevelamer
appear broad, curved, and irregularly spaced (Fig. 8.9). Like
Kayexalate, they also show fish-scale pattern. However, they
also show a characteristic two-toned color imparted by bright
pink linear accentuations with a rusty yellow background.
Some crystals embedded in an area of ulcer, necrosis, or
ischemia may acquire a deep eosinophilic or rusty brown
color [47]. On the PAS-D stain, the sevelamer crystals
acquire a violet color. These crystals are exclusively identi-
fied in patients with chronic kidney disease, and this is an
important clue toward their diagnosis.

Lanthanum

Lanthanum carbonate (Fosrenol) is used in patients with
chronic renal failure for treatment of hyperphosphatemia. It
is a rare alkaline earth metal that binds with phosphate in the
gastrointestinal tract and has a poor absorption from the gas-
trointestinal tract. However, a small subset of patients taking
this drug develops lanthanum deposition within mucosal his-
tiocytes (Fig. 8.10a—c) [51-53]. Small foreign body granulo-
mas may also be seen [54]. The histiocytes show a fine to

Fig. 8.9 Sevelamer crystals. Sevelamer crystals have broad, curved,
and irregularly spaced fish-scale pattern and a characteristic two-toned
color imparted by bright pink linear accentuations with a rusty yellow
background on the H&E stain

coarse granular material that varies in color from brown,
gray, to violet. These histiocytes may stain positive with
Prussian blue and toluidine blue in some cases. Lanthanum
can be identified in the histiocytes by electron microscopy,
but the diagnosis is usually confirmed by correlation with the
clinical history. There are some reports suggesting that this
accumulation reverses after stopping lanthanum, but in rare
cases, the deposits are seen even years after the discontinua-
tion of lanthanum [55, 56].

Olmesartan

Angiotensin II receptor antagonists such as olmesartan
(Benicar) are commonly used for treatment of hypertension.
A subset of patients taking olmesartan may show lympho-
cytic gastritis (Fig. 8.11), collagenous gastritis, or chronic
gastritis [57].

Tetracycline/Doxycycline

Doxycycline is an oral tetracycline antibiotic. Recently, there
have been reports of doxycycline causing superficial gastric
mucosal necrosis with a peculiar form of vascular degenera-
tion [58, 59]. Endoscopy showed white to yellow plaque-like
lesions or non-bleeding ulcers. Histologically, the superficial
mucosal necrosis was characterized by hyperplastic foveolar
cells, inflamed lamina propria, and sloughing of the superfi-
cial epithelial cells. They also show vascular degeneration of
the capillaries characterized by eosinophilic necrosis of the
vessel wall creating a ringlike deeply eosinophilic granular
structure, sometimes even creating a halo effect due to sepa-
ration from the surrounding tissue. These vessels often show
intraluminal neutrophils and microthrombi [58]. This pattern
of injury is unique and its presence should alert the patholo-
gists to the possibility of doxycycline-induced gastric injury.

Crospovidone and Microcrystalline Cellulose

Crospovidone and microcrystalline cellulose are biologi-
cally inert pharmaceutical fillers incorporated into medica-
tions to facilitate drug delivery. They can sometimes be seen
in stomach biopsies. Awareness of their morphology would
be helpful for the pathologists to differentiate them from
parasites, calcifications, and other medications associated
with mucosal injuries. In a recent study by Shaddy et al.,
the overall filler incidence in gastric biopsies was about
3% [60]. Their presence outside the luminal bowel may be
an indicator of perforation. On H&E stain crospovidone
appears non-birefringent, coral, or sponge shaped with pink
core and purple coat and measures 0.4-1.5 mm in diameter
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Fig. 8.10 Lanthanum deposition. Antral mucosal biopsy from a
chronic renal failure patient receiving lanthanum carbonate for hyper-
phosphatemia shows histiocytic aggregates within lamina propria (a).
The histiocytes within the lamina propria are positive for CD68 by
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Fig. 8.11 Olmesartan-associated gastric injury. Lymphocytic gastritis
pattern in a patient with olmesartan-associated enteropathy
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immunohistochemical stain (b). There are cytoplasmic coarse inclusion-
like brownish materials with irregular branching (arrowheads) present
within the histiocytes (c)

(Fig. 8.12). Microcrystalline cellulose on H&E stain appears
transparent with a rod or matchstick shape (Fig. 8.13a) and is
brightly birefringent under polarized light (Fig. 8.13b) [60].

Infections
Phlegmonous (Suppurative) Gastritis

Definition

Phlegmonous gastritis is a rare form of rapidly progressive
suppurative bacterial infection that affects the stomach. Its
hallmarks are necrosis and gangrene.

Clinical Features
Patients usually have an underlying condition, such as immu-
nocompromised status or debilitating condition such as
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malignancy, human immunodeficiency virus (HIV) infec-
tion, or alcoholism. The exact pathogenesis is not known but
is often caused by a variety of bacteria including
Staphylococcus, Streptococcus, Enterococcus, Escherichia
coli, Proteus, and Clostridium species [61-63]. Presenting
symptoms include fever, abdominal pain, nausea, vomiting,
and hematemesis [61]. Computed tomography (CT) scan
may show diffuse thickening of the gastric wall with intra-
mural low density. Endoscopy may show ulcers, thickened
gastric folds, mass effect, or necrotic material.

Pathological Features

Grossly the stomach wall may appear thickened and necrotic.
Microscopy shows suppurative necrosis of the mucosa and
submucosa with acute inflammation. Transmural necrosis may

»

Fig. 8.12 Crospovidone. This filler material appears non-birefringent,
coral, or sponge shaped with pink core and purple coat on H&E stain

be seen in severe cases. A Gram stain may show bacteria. Of
note, a superficial mucosal biopsy may be unremarkable if the
findings are confined to the submucosa or deeper structures.

Differential Diagnosis

Differential diagnosis includes gastric lymphoma, gastroin-
testinal stromal tumor, linitis plastic, and superinfected
malignancy. These conditions can be differentiated by care-
ful histological review and use of special stains as needed.

Treatment and Prognosis

Treatment includes medical and surgical intervention. Broad-
spectrum antibiotics are useful. Surgical resection is also an
option and may offer better survival. Mortality is low (~10%)
for localized disease but can be higher (>50%) for cases with
diffuse gastric involvement. Early diagnosis and treatment
are the key for improved survival [61, 62].

Sarcina ventriculi

Definition

Sarcina ventriculi is a Gram-positive anaerobic coccus that
can be identified within the stomach, especially in patients
with delayed gastric emptying.

Clinical Features

It occurs mainly in adults but can also be seen in children,
more commonly in females than males [64]. More than half
of the patients have a history of gastric outlet obstruction,
gastroparesis, and/or gastrointestinal surgery. It has also
been associated with gastric perforation and emphysematous
gastritis [65, 66]. Most patients present with abdominal pain,
nausea, and vomiting. In some patients, it may just be an

Fig. 8.13 Microcrystalline cellulose. This filler material appears transparent with a rod or matchstick shape in background of inflammatory exu-
dates on H&E stain (a) and is brightly birefringent under polarized light (b)
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incidental finding and the patient may be asymptomatic [67].
Endoscopy may show gastric bezoar, retained food residue,
erosions, and ulcerations [64].

Pathological Features

The organisms are not invasive and generally seen near the
mucosal surface in the gastric mucin. On H&E stain, Sarcina
ventriculi appear as basophilic cuboid-shaped organisms mea-
suring 1.8-3 m and arranged in tetrad packet arrangement
(Fig. 8.14a). There may be flattening of the cell walls in areas of
contact with adjacent organism and it may even be refractile in
nature [64]. On Gram stain, the organisms are strongly positive.
The organism can also be confirmed by molecular methods
using polymerase chain reaction (PCR) and sequencing of the
16S ribosomal RNA gene and pyruvate decarboxylase gene.
The adjacent gastric mucosa is usually unremarkable, but, in
some cases, it may show diffuse hemorrhagic gastritis with
ulceration (Fig. 8.14b) [68]. The exact mechanism of mucosal
injury caused by Sarcina is not entirely clear. There has been a
suggestion that it may simply be a bystander in an underlying
disease process. The organism has also been reported in feces of
healthy people, especially those on vegetarian diet [69]. It can
also be found in the soil and air [70]. However, identification of
Sarcina in gastric biopsies is important for surgical pathologists
due to its strong association with gastric stasis and rare cases of
life-threatening emphysematous gastritis. Its presence in a gas-
tric biopsy should raise a consideration for gastric outlet obstruc-
tion and delayed gastric emptying.

Differential Diagnosis

The main differential is Micrococcus species, a Gram-
positive coccus that occurs in tetrads or packets. However,
the Micrococcus is considerably smaller measuring 0.5 m
and unlike Sarcina species, the Micrococcus species tend to

form tightly packed clusters [68]. In addition, the Micrococcus
bacterium is aerobic and catalase positive and does not form
spores, while Sarcina ventriculi is anaerobic, catalase nega-
tive, and spore forming [71]. Staphylococcus species can
also be in the differential, and they are also Gram-positive.
However, Staphylococcus bacteria are smaller in size, mea-
suring around 1 m in diameter, and arranged in grape-like
clusters, rather than a tetrad pattern.

Treatment and Prognosis

There is no standard regimen for treatment. Antibiotics such
as metronidazole are successful in eradication of the organ-
ism. There is also suggestion to omit treatment if the patient
is healthy and asymptomatic, as the organism can occur
commensally [64].

Syphilis Gastritis

Definition
It is a gastric infection caused by spirochete Treponema pal-
lidum, which is mostly a sexually transmitted disease.

Clinical Features

Median age is 39 years, more common in males and black race
[72]. Epigastric or abdominal pain is the most common present-
ing symptom, followed by vomiting and weight loss. Only a
small subset of patients may have a history of syphilis but many
of them may have prior or concurrent clinical manifestations of
the disease. Majority of cases have positive serological tests for
syphilis (Venereal Disease Research Laboratory (VDRL),
Rapid Plasma Reagin (RPR), and/or Kolmer). Endoscopy may
show gastric ulceration, erosion, nodular mucosa, thickened
folds, or rarely even a mass lesion [72].

Fig. 8.14 Sarcina ventriculi. Basophilic, cuboid-shaped organisms in tetrad packet arrangement on luminal surface of gastric mucosa with mild
chronic inflammation (a) and in foci of ulceration with inflammatory exudates (b)
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Pathological Features

Microscopy shows gastritis with a prominent plasma cell
infiltrate, admixed lymphocytes, and varying number of
neutrophils. The dense plasmacytic infiltrate may show a
perivascular distribution. Vasculitis is seen in the form of
proliferative endoarteritis; however, endophlebitis may also
be seen in occasional cases. Rare cases may also show atro-
phic gastritis [72]. T. pallidum immunostain can be used to
highlight the organisms and confirm the diagnosis. Silver
stains such as Warthin-Starry can also be useful in detect-
ing the organisms, but it can be difficult to read and is also
not highly sensitive [73]. Immunofluorescence microscopy
and PCR testing is also available [74]. Treponema pallidum
is a Gram-negative spirochete measuring 8—15 m in length
and 0.1-0.2 m in diameter. The organisms are usually pres-
ent in the lamina propria and between the glandular epithe-
lial cells.

Differential Diagnosis

Helicobacter pylori and Helicobacter heilmannii enter the
differential as they share some morphological similarity with
Treponema pallidum. Helicobacter pylori are much smaller
and measure 1-3 m in length and 0.5-1 m in diameter.
Helicobacter heilmannii is longer and wider than
Helicobacter pylori but shorter and plumper than Treponema
pallidum with 4-6 helical turns giving a corkscrew-like
appearance [75, 76]. Immunostains for Helicobacter pylori
and Treponema pallidum can be useful in their distinction.
The Treponema immunostain has recently been reported to
show crossed reactivity with Helicobacter heilmannii [77].

Treatment and Prognosis

Antibiotics like penicillin usually resolve the infection. The
clinical symptoms usually disappear in a week and the
endoscopy findings return to normal in about 10 days. Rare
patients may develop complications such as gastric perfora-
tion or obstruction and may need surgical resection.

Viral Infections

Cytomegalovirus (CMV)

Cytomegalovirus (CMV) gastritis is usually seen in immu-
nocompromised patients, such as those with malignancies,
HIV infection, and post-transplant or on steroids [78].
Symptoms include fever and abdominal pain. Endoscopy
may show erythema, erosions, and ulceration. Rare cases
may show hypertrophic gastritis resembling Menetrier’s dis-
ease [79]. Histopathology shows characteristically enlarged
endothelial, stromal, or rarely epithelial cells with an owl’s
eye intranuclear inclusions and/or granular basophilic cyto-
plasmic inclusions (Fig. 8.15). CMV immunostain can be
used to confirm the diagnosis.

Fig.8.15 CMV gastritis. Antral mucosa with multiple owl’s eye intra-
nuclear inclusions and granular basophilic cytoplasmic inclusions
within epithelial cells

Herpesvirus (HSV)

Gastric infection by herpesvirus (HSV) and varicella zoster
virus (VZV) is rare but can be seen in immunosuppressed
patients [80, 81]. The epithelial cells typically show ground
glass nuclei and eosinophilic inclusion surrounded by a
clear halo, demonstrating margination, multinucleation, and
molding.

Epstein-Barr Virus (EBV)

Rare cases of Epstein-Barr virus (EBV) gastritis (Fig 8.16a,
b) have been reported with associated prominent lymphoid
hyperplasia simulating a lymphoma [82, 83].

Fungal Infections

Candida infection is usually seen in immunocompromised
individuals, alcoholics, or those who have ingested corrosive
liquids. Mucosa shows erosions or ulcers. On microscopy,
yeasts and pseudohyphae can be identified using silver stain
or PAS-D stain. Large gastric ulcers with cancer can also
show fungal contamination by Candida [84]. A rare fatal
case of invasive mucormycosis associated with emphysema-
tous gastritis has also been reported [85].

Parasites

Gastric infection by parasites is rare. However, Schistosoma
ova can be seen within the stomach [86]. Cryptosporidiosis has
been reported in AIDS patients, presenting as subtotal gastric
obstruction due to stricturing [87, 88]. Gastric invasive anisa-
kiasis has also been reported after consumption of fish [89].
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Fig. 8.16 EBYV gastritis. Gastric biopsy shows lymphocytic infiltrates in lamina propria and foci of epithelial necrosis (arrowheads) (a). EBV in
situ hybridization showing numerous EBER-positive lymphocytes in the lamina propria (b)

Vascular Gastropathies
Gastric Antral Vascular Ectasia (GAVE)

Definition

It is also known as “watermelon stomach,” characterized by
marked veno-capillary ectasia involving the gastric antrum
and converging on pylorus at endoscopy.

Clinical Features

GAVE was first described in 1953 by Rider et al. [90] in a
patient with severe chronic iron-deficiency anemia. The
term “watermelon stomach” was coined by Jabbari et al.
[91] based on the characteristic endoscopic appearance of
hyperemic stripes radiating from the pylorus. GAVE is
mainly an endoscopic diagnosis based on its typical
appearance. It is a relatively common finding at endoscopy
and a cause of gastrointestinal bleeding, accounting for
around 4% of all upper gastrointestinal bleeding [92]. The
exact pathophysiological changes leading to GAVE are not
well defined but may be a combination of abnormal gastric
motility, mechanical stress, and mucosal prolapse [93, 94].
Some authors have also linked GAVE with low levels of
pepsinogen, achlorhydria, and elevated gastrin levels [94,
95]. It is typically seen in elderly patients, more common
in females, and many suffer from chronic medical condi-
tions. About 30% of patients with GAVE have cirrhosis
[96]. In non-cirrhotic patients, autoimmune conditions
such as connective tissue disorders and Raynaud’s syn-
drome are common [95]. Other conditions such as bone
marrow transplantation, chronic renal failure, ischemic
heart disease, diabetes mellitus, and hypertension have
also been associated with GAVE [95, 97, 98]. Most patients

present with anemia due to chronic blood loss. Acute
bleeding is less common. Endoscopy shows raised,
intensely red, nearly parallel, longitudinal mucosal stripes
traversing the gastric antrum and converging on the pylo-
rus, simulating the appearance of a watermelon (Fig. 8.17a).
Raised mucosal elevations may give the appearance of pol-
ypoid lesion [99]. In severe form, gastric hemorrhage may
also be seen.

Pathological Features

The characteristic histological findings of GAVE include
prominent dilated capillaries which often contain fibrin
thrombi (in ~50% of cases) involving the mucosa of the gas-
tric antrum (Fig. 8.17b). The surrounding tissue may show
reactive gastropathy, edema, interstitial hemorrhage, and
mild chronic inflammation. The dilated capillaries are often
surrounded by fibrohyalinosis and fibromuscular hyperplasia
of the lamina propria. The gastric body and fundus are usu-
ally spared; however, the cardia may be involved in a small
subset of patients.

Differential Diagnosis

Histologic differential includes gastric varices which are
seen at the gastroesophageal junction in patients with por-
tal hypertension. Portal hypertensive gastropathy is an
important differential and these lesions are compared in
Table 8.1.

Treatment and Prognosis

Endoscopic ablation is the first choice of treatment.
Pharmacological therapy with estrogen, progesterone, and
tranexamic acid is used if endoscopic measures fail. Surgical
antrectomy is reserved for unresponsive cases [100].
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Fig. 8.17 Gastric antral vascular ectasia. Endoscopy shows red, nearly parallel, longitudinal mucosal stripes traversing the gastric antrum with
the appearance of a watermelon (a). Prominent dilated capillaries with fibrin thrombi (arrowheads) involving the mucosa of the gastric antrum (b)

Table 8.1 Differences between portal hypertensive gastropathy and
gastric antral vascular ectasia

Portal hypertensive | Gastric antral vascular
Features gastropathy ectasia
Sex More common in More common in females
males
Age Any age, including | Typically, elderly
children (>70 years)
Associated Portal Cirrhosis, autoimmune
conditions hypertension, disorders, connective
cirrhosis tissue diseases
Endoscopy Snake skin Tortuous columns of
appearance with ectatic vessels in
red spots watermelon or diffuse
pattern
Location Fundus, body Antrum
Degree of Mild Prominent
ectasia
Fibrin thrombi Absent Present
Fibrohyalinosis | Absent Present

Portal Hypertensive Gastropathy

Definition
This is gastric mucosal vasculopathy and injury that occurs
in patients with portal hypertension.

Clinical Features

The term “portal hypertensive gastritis” was coined by
Sarfeh et al. in 1984 where they described a distinct form of
gastric mucosal hemorrhage in patients who had portal
hypertension [101]. It can occur at any age and has been
reported both in pediatric and adult patients and is more
common in males. Portal hypertension and cirrhosis are the
two main associations for this condition [102—-105]. The

reported prevalence in portal hypertensive patients varies
from 20% to 75% and in cirrhotic patients from 35% to
80%. Portal hypertensive gastropathy can also occur in
patients with non-cirrhotic portal fibrosis, extrahepatic por-
tal vein obstruction, and hepatic veno-occlusive disease
[102, 106, 107]. The hemodynamic instabilities in the gas-
tric mucosal blood flow associated with passive congestion
of the portal system play a role in its pathogenesis [108,
109]. Many patients may be asymptomatic but the most
common presenting symptoms are gastrointestinal hemor-
rhage and anemia. Endoscopy shows a snake skin-type
mosaic pattern or a diffuse erythematous and reticular cob-
blestone pattern with red punctate spots predominantly
within the gastric mucosa of the body and fundus [102,
108, 110, 111].

Pathological Features

Characteristic histological findings include dilated ectatic
capillaries and venules within the reactive gastric mucosa
(Fig. 8.18a) accompanied by markedly congested and tortu-
ous venules in the submucosa [112]. The lamina propria may
also show stromal fibrosis and edema (Fig. 8.18b). Fibrin
thrombi are usually absent.

Differential Diagnosis
GAVE is an important differential and these lesions are com-
pared in Table 8.1.

Treatment and Prognosis

Treatment is aimed at reducing the portal pressure using med-
ical therapy (propranolol), endoscopic therapy (argon plasma
coagulation), radiologic intervention (transjugular intrahe-
patic portosystemic shunt), and surgical shunting [113].
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Fig.8.18 Portal hypertensive gastropathy. Dilated ectatic capillaries and venules within the gastric mucosa (a). The lamina propria shows stromal
edema and prominent dilated capillaries, and absence of fibrin thrombi (b)

Dieulafoy Lesion

Definition

Dieulafoy lesion is defined as large abnormal caliber artery in
the submucosa protruding through a small defect within the
overlying mucosa, potentially responsible for life-threatening
bleeding. It is also known as cirsoid aneurysm, caliber-per-
sistent artery, and submucosal arterial malformation.

Clinical Features

Dieulafoy lesion was first described in 1884 by Gallard as
“military aneurysms of the stomach” in two autopsy cases
[114, 115]. This condition was more accurately described in
1898 by the French surgeon Georges Dieulafoy in his study
of fatal gastric hemorrhage in three asymptomatic men [115,
116]. It is now believed to be congenital developmental mal-
formation in nature. It can be seen in any age group includ-
ing children, but is most common in elderly (>50 years)
males, accounting for 1-6% of upper gastrointestinal bleed-
ing [115-117]. Many patients have comorbidities such as
cardiopulmonary dysfunction, hypertension, and chronic
renal failure. Patients typically present with acute painless
massive gastrointestinal bleeding resulting in hemodynamic
shock. A small subset of patients may also present as iron
deficiency anemia. The exact pathogenesis is not known, but
it is suggested that pulsations in large submucosal vessel
causes damage of the overlying mucosa, leading to local-
ized ischemia, erosion, and rupture. Another theory sug-
gests gastric mechanical forces predispose to arterial
thrombosis leading to overlying mucosal injury and necro-
sis [114, 118, 119]. Endoscopy may show active bleeding
within the stomach from an isolated protruding vessel sur-
rounded by normal mucosa or a clot without an ulcer [114,

120]. The lesion is most commonly seen on the lesser curva-
ture of the stomach within 6 cm of the gastroesophageal
junction.

Pathological Features

Microscopy would show a luminally exposed ruptured artery
within the superficial submucosa (Fig. 8.19). A fibrin throm-
bus may be seen covering the arterial defect. The artery usu-
ally appears normal in architecture with no aneurysm or
atherosclerosis. The adjacent mucosa may show fibrinoid
necrosis but is usually devoid of significant inflammation
away from the lesion [121].

Differential Diagnosis

GAVE can be distinguished from Dieulafoy lesion by pres-
ence of dilated mucosal capillaries containing fibrin thrombi
with intact mucosa showing foveolar hyperplasia. Gastric
varices typically occur at the gastroesophageal junction in
patients with portal hypertension, and microscopy shows
blood-filled dilated veins. Arteriovenous malformation can
also come in the differential but typically shows a mixture of
thick- and thin-walled irregular vessels. Erosive gastritis sec-
ondary to H. pylori or NSAIDs generally shows more inflam-
mation and absence of ruptured artery.

Treatment and Prognosis

Advances in endoscopy have increased its detection rate and
markedly reduced the associated mortality from 90% to less
than 5% [122-125]. Endoscopic hemostatic methods are the
treatment of choice. However, the risk of rebleeding has been
reported between 10% and 40% after endoscopic therapies.
Hence, few cases may require angioembolization or surgical
resection [115].
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Fig. 8.19 Dieulafoy lesion. A large abnormal caliber artery in submucosa beneath a defect of the overlying mucosa on the H&E stain (a) and
elastic stain (b)

Congenital Disorders
Duplication Cyst

Definition
Gastric duplication cyst is a complete or partial replica of a
gastric segment.

Clinical Features

Duplication cysts of the gastrointestinal tract are rare and
considered to be congenital in nature. They probably repre-
sent a cystic developmental malformation of the primitive
foregut vestiges [126, 127]. They constitute around 2-9% of
all gastrointestinal duplications and often coexist with other
anomalies like esophageal duplications, rotational disorders,
cloacal anomalies, urinary tract anomalies, and cardiovascu-
lar malformations. They are usually detected early in life,
and most patients present during neonatal years. Presenting
symptoms include abdominal pain, distention, palpable
mass, nausea, and vomiting. Computed tomography (CT)
and magnetic resonance imaging (MRI) would reveal a cys-
tic mass connected or adjacent to the stomach. Sometimes
the preoperative CT and MRI imaging findings of a gastric
duplication cyst may be interpreted as consistent with a gas-
trointestinal stromal tumor (GIST) or sarcoma [128].

Pathological Features

Most gastric duplication cysts involve the anterior or poste-
rior walls of the greater curvature. A subset may adhere to
the pancreas (Fig. 8.20a) and may even communicate with
the pancreatic duct. Grossly they appear as cylindrical or
oval cystic masses ranging in size from a few millimeters to
12 centimeters [128]. Three microscopic criteria are needed

for diagnosis of a duplication cyst and they include: (1) con-
necting attachment to the stomach (however, a luminal con-
nection is not necessary); (2) smooth muscle layer that fuses
with the gastric muscle layer; and (3) a mature or primitive
gastrointestinal lining epithelium [129]. The presence of a
muscle coat is needed to define a duplication cyst. The
absence of a muscle coat defines an enterogenous cyst. The
lining epithelium of the gastric duplication cyst may resem-
ble normal gastric epithelium but may also coexist with
small bowel or colonic epithelium (Fig. 8.20b, c). A subset
may also show a component of respiratory mucosa, cerumi-
nous glands, and cartilage. Bleeding and ulcer can develop
within a gastric duplication cyst.

Differential Diagnosis

Pericardial cysts are in the differential, but they are lined by
flattened mesothelium with absence of muscularis propria.
Lymphangiomas are also in the differential, but microscopy
would show large lymphatic channels in loose connective
tissue stroma.

Treatment and Prognosis

Surgical excision is the treatment of choice [130]. There are
rare reported cases of malignancies such as adenocarcino-
mas and neuroendocrine carcinoma developing within gas-
tric duplication cysts [128, 131].

Pancreatic Heterotopia
Definition

Pancreatic heterotopia is defined as presence of pancreatic
tissue outside the boundaries of the pancreas that lacks ana-
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Fig. 8.20 Gastric duplication cyst. The duplication cyst is adhered to the pancreas (a). Muscular propria is present within the cyst wall (b), and

the lining epithelium shows normal gastric epithelium (c)

tomic, functional, and vascular connection with the original
organ.

Clinical Features

In general, pancreatic heterotopia is a relatively infrequent
lesion, with an autopsy frequency ranging between 0.6% and
13% [132, 133]. Stomach is the most frequent site of pancre-
atic heterotopia. It can be associated with other congenital
anomalies such as gastrointestinal atresia and duplication.
The exact pathogenesis of this lesion is unknown. It is
believed to arise during embryonic development of the gas-
trointestinal tract. During embryogenesis, if one or more
evaginations from developing pancreas remain entrapped,
then it may be carried away from the remainder of the gland
by the developing gastrointestinal tract and may give rise to
heterotopic pancreas. The other theory proposes pancreatic
metaplasia of endodermal tissues that end up in the submu-
cosa during embryonic life. Majority of the patients remain
asymptomatic and the lesion is found incidentally during

endoscopy, surgery, or autopsy. A small subset of patients
may present with abdominal pain, bleeding, nausea, and
vomiting [134].

Pathological Features

Grossly it appears as a single, well-circumscribed, solid, or
cystic tan mass within the submucosa. Endoscopically the
lesion may appear as a mucosal polyp with central umbilica-
tion and normal-appearing overlying mucosa. Occasionally,
it may also be seen within the muscularis propria or serosa.
It varies in size from 0.2 cm to 6 cm. Rare cases can be mul-
tiple or pedunculated. Histologically, it contains a mixture of
tissues that may be found in the normal pancreas. Most con-
sists primarily of ducts and surrounding simple mucin-
producing glands. Special stains are usually not needed but
trypsin immunostain can be used to confirm the presence of
pancreatic acini. Cytokeratin 7 immunostain has also been
shown to facilitate recognition of pancreatic heterotopia in
gastric biopsies [135]. Ectopic pancreas can be classified
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Fig. 8.21 Gastric pancreatic heterotopia. Pancreatic heterotopia comprising of all cell types, including exocrine cells, endocrine cells, and ductal
epithelium present within gastric submucosa (a). Pancreatic heterotopia composed of ducts only in muscularis propria of stomach (b)

into three types according to Heinrich based on the types of
the pancreatic cells present: type I with all three components
of pancreatic tissues (acini, ducts, and islet cells) (Fig. 8.21a);
type II with exocrine components of pancreatic tissues (acini
and ducts, but no islet cells); and type III with mainly ducts
but no acini or islet cells (Fig. 8.21b) [136]. Occasionally,
pancreatic heterotopia can be composed of islet cells only
(endocrine heterotopia) (Fig. 8.22a, b) [137]. A subset of
cases can show secondary changes such as pancreatitis,
abscess formation, fibrosis, or fat necrosis, distorting the his-
tology of the heterotopic tissue. Rarely, endocrine and/or
glandular neoplasms as well as pancreatic cysts can also
develop within pancreatic heterotopia [138, 139].

Differential Diagnosis

If only pancreatic acinar cells are present, especially in the
gastroesophageal junction region, then it may represent pan-
creatic acinar metaplasia [140]. Cases of autoimmune atro-
phic gastritis can also show pancreatic acinar metaplasia in
the stomach [141]. Purely endocrine heterotopic pancreas
may mimic a well-differentiated neuroendocrine tumor
(Fig. 8.22a, b). Both show monomorphic neuroendocrine
cells arranged in small nests or microtubules. However, the
scattered nature of the lesion, small size of the nests, and
absence of stromal reaction argue against a neuroendocrine
tumor and favor an endocrine pancreatic heterotopia.
Immunostains may also help in making this distinction as
cases of endocrine pancreatic heterotopia would show major-
ity of cells expressing insulin (Fig. 8.22c), mostly in the cen-

ter of the nodules, with fewer peripheral cells showing
somatostatin (Fig. 8.22d) and glucagon (Fig. 8.22e) positiv-
ity [142].

Treatment and Prognosis

Asymptomatic cases do not need treatment unless complica-
tions develop. Localized surgical resection is usually the
treatment of choice.

Congenital Pyloric Stenosis

Definition

Congenital pyloric stenosis is defined as narrowing of the
stomach due to abnormal thickening of the pylorus resulting
in gastric outlet obstruction.

Clinical Features

Congenital pyloric stenosis is the most common cause of
gastric outlet obstruction and surgical cause of vomiting in
infants. Incidence ranges from 1 to 6 per 1000 live births
[143, 144]. Commonly occurs in whites, first-born child, and
males. Congenital pyloric stenosis can be associated with
other anomalies like esophageal atresia, intestinal malrota-
tion, and urinary tract defects [145]. The etiology remains
unknown but probably is multifactorial involving genetic
predisposition and perinatal as well as environmental factors
[146]. However, it has been associated with several chromo-
somal aneuploidy syndromes such as deletion 11q, duplica-
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Fig. 8.22 Gastric pancreatic endocrine heterotopia. Pancreatic hetero-  mal reaction (b) and the majority of cells, mostly in the center of the
topia comprising islet cells only in muscularis propria of stomach (a). nodules expressing insulin (¢), with fewer peripheral cells expressing
The neuroendocrine cells arranged in small nests and absence of stro-  somatostatin (d) and glucagon (e) by immunostains
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tion 14q, duplication 9q, trisomy 18, and trisomy 21 [147].
Formula feeding and azithromycin have also been associated
with increased risk of developing hypertrophic pyloric steno-
sis [148, 149]. Clustering of cases has been seen within fami-
lies [147]. Patients typically present with progressive
projectile nonbilious vomiting between the second and
eighth weeks of life [150, 151]. If untreated, the infant may
develop hypochloremic and hypokalemic metabolic alkalo-
sis. The clinical diagnosis can be made by feeling the thick-
ened pylorus as an olive-shaped mass in the mid-epigastrium
and observing the gastric peristaltic waves. Abdominal ultra-
sound can confirm the diagnosis [152, 153].

Pathological Features

The characteristic finding on gross is concentrically enlarged
gastric pylorus with thickness of more than 1 cm and two to
four times its usual length. The pylorus becomes very hard
due to the hypertrophy of the muscle and elastic tissue in the
submucosa. The proximal stomach dilates with hypertrophy
of the antrum and gastric outlet obstruction at the pylorus.
Microscopically, there will be hyperplasia and hypertrophy
of both the circular and longitudinal muscle fibers of the
muscularis propria. The vessels in the submucosa may
appear dilated. The nerve fibers may be reduced or absent
and the ganglion cells may also disappear. Interstitial cells of
Cajal may also be reduced in number [154].

Treatment and Prognosis

Extramucosal pyloromyotomy is the treatment of choice
[155, 156]. Age below 2 weeks, delayed presentation, and
prolonged preoperative hospital stay are predictors of poor
outcome [157]. However, majority of the infants undergoing
pyloromyotomy have an excellent prognosis with no long-
term sequelae.

Polypoid Lesions

Gastric polyp is any lesion that protrudes into the gastric
lumen above the mucosal surface. They are identified mostly
as an incidental finding during about 1-6% of upper endos-
copies [158—160]. A small subset of large polys may present
with abdominal pain, bleeding, anemia, or gastric outlet
obstruction [161]. The endoscopic appearance of gastric pol-
yps is not specific for a particular subtype and hence histo-
pathological examination is necessary for their accurate
pathological diagnosis. The role of the pathologists is to
identify a specific subtype of gastric polyp as it may have
prognostic implications with a central goal of identifying
whether the polyp is dysplastic or not. Many subtypes of gas-
tric polyps arise in a background of chronic gastritis or asso-
ciation with polyposis syndromes. Hence, accurate
identification of a particular subtype of gastric polyp may

provide useful clues about its etiology as well as abnormali-
ties in the background gastric mucosa.

Gastric Xanthoma

Definition

Gastric xanthoma is composed of benign aggregate of foamy
lipid-laden histiocytes. It is also known as gastric xanthe-
lasma or gastric lipid islands.

Clinical Features

Reported incidence varies between 1% and 6% in non-
operated stomachs, most commonly seen in the stomach but
can also be seen in small bowel, colon, and esophagus [162].
The etiology has not yet been established. However, it is prob-
ably a response to initial localized destruction of cells caused
by inflammatory and degenerative changes, which leads to
accumulation of cholesterol or fat [163]. Gastric xanthomas
are commonly seen in patients after Billroth resection. They
may be associated with hyperlipidemia, H. pylori infection, or
gastric dysplasia; however, the evidence is not consistent
[164-166]. It is usually an incidental finding as most patients
are asymptomatic. On endoscopy, they appear as single or
multiple, yellow to white plaques that are typically well
demarcated, round to flat and vary from 1 to 10 mm. They are
usually antral and near the lesser curvature but occasionally
are located in the body or fundus and may be multiple.

Pathological Features

Histologically, they consist of numerous foamy macrophages
usually within the lamina propria (Fig. 8.23a), particularly
its upper half. The foamy cells do not show nuclear atypia or
mitosis. The adjacent gastric mucosa may show chronic gas-
tritis, intestinal metaplasia, or even atrophic gastritis. The
foamy histiocytes are positive for CD68 (Fig. 8.23b) and
CD163, and are negative for mucicarmine and cytokeratin
(Fig. 8.23c¢).

Differential Diagnosis

The major differential diagnosis is signet ring cell adeno-
carcinoma, which would show nuclear atypia and positive
staining for mucicarmine and cytokeratin. Metastatic clear
cell renal cell carcinoma may also enter the differential,
but it would be positive for keratin and PAXS8. Whipple
disease and Mycobacterium avium-intracellulare are rare
infections of the stomach that also enter into consider-
ation, and they can be evaluated by special stains (PAS-D
and acid-fast bacilli).

Treatment and Prognosis
No treatment or follow-up is needed. However, recent stud-
ies have shown a high prevalence rate of gastric xanthoma in
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Fig. 8.23 Gastric xanthoma. Numerous foamy histiocytes within the lamina propria of gastric mucosa (a). The foamy histiocytes are positive for
CD68 (b) and are negative for cytokeratin (¢) by immunostains

gastric cancer cases with its presence as a predictive marker
for metachronous and synchronous gastric cancer [167, 168].

Hyperplastic Polyp

Definition

Hyperplastic polyp is a benign polyp lined by gastric foveo-
lar epithelium composed of elongated and distorted gastric
pits with an inflamed and edematous stroma. It is also known
as regenerative polyp and hyperplasiogenous polyp.

Clinical Features

It is the second most common type (about 15%) of gastric
polyp after fundic gland polyp in the western populations [158,
161]. It can be found at any age but commonly seen in adults
with a mean age range of 65-75 years. They are usually asymp-
tomatic, most commonly seen in the gastric antrum, but can be
seen throughout the stomach [169]. They can be single or mul-

tiple and range in size from a few millimeters to a few centime-
ters with a majority being less than 2 cm. They tend to arise in
response to a variety of mucosal injuries and are strongly asso-
ciated with chronic gastritis related to H. pylori, chemical, or
autoimmune gastritis [169, 170]; hence evaluation of the back-
ground gastric mucosa is important in cases of hyperplastic
polyps due to clinical consequences. Multiple hyperplastic pol-
yps can be found in Menetrier’s disease. Solid organ transplant
has also been reported as a risk factor for development of
hyperplastic polyps [171, 172]. Endoscopically, hyperplastic
polyps may show superficial ulceration and a broad pedicle.

Pathological Features

Histologically, hyperplastic polyps are composed of elon-
gated and dilated gastric pits with an edematous inflamed
lamina propria and lined by reactive foveolar epithelium
(Figs. 8.24a, b). A rich vasculature is common. The surface
may be eroded or ulcerated with prominent reactive atypia
within the foveolar epithelium (Fig. 8.24c). Pyloric-type
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glands and foci of intestinal metaplasia may be seen
(Fig. 8.24d). Wisps of smooth muscle originating from the
muscularis mucosa may be seen in larger polyps.

Differential Diagnosis
Polypoid foveolar hyperplasia is considered a precursor of
gastric hyperplastic polyp by some and measures less than
1 cm. It differs slightly from hyperplastic polyp with
absence of cystically dilated gastric pits and normal or only
slightly swollen lamina propria and mild inflammatory
component. Considering the concept of a continuum
between these two entities, a definitive distinction may be
not important [173].

Gastric mucosal prolapse polyp can show varying degree
of elongation and cystic dilatation of the pitregion (Fig. 8.25).
However, it contains thick-walled vessels and prominent
bundles of arborizing smooth muscle. The glandular compo-
nent is usually compact with back to back glands [173].

Fig. 8.25 Mucosal prolapse polyp. Antral mucosa with elongation and
cystic dilatation of the pit region and prominent bundles of smooth
muscle in lamina propria

Fig.8.24 Hyperplastic polyp. Gastric hyperplastic polyp is composed of elongated and dilated gastric pits (a) with an edematous inflamed lamina
propria (b), erosion and granulation tissue in lamina propria (c¢), and foci of intestinal metaplasia (d)
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Patients with Menetrier’s disease can have multiple
hyperplastic polyps. However, Menetrier’s disease is usually
limited to the gastric body and fundus. It shows prominent
foveolar hyperplasia with lesser degree of inflammation.
There is absence of intervening normal gastric mucosa
between the polyps.

Morphological differentiation of hyperplastic polyps
from hamartomatous polyps seen in Cronkhite-Canada
syndrome and juvenile polyposis can be very difficult as they
share significant morphologic overlap. Communication with
the clinical colleagues to see if the patient has other features
to support a particular syndrome is usually helpful in such
situations to establish a correct diagnosis. However, a useful
distinguishing feature of Cronkhite-Canada syndrome is the
presence of inflammatory and edematous changes in the
non-polypoid areas similar to those seen in the polypoid
areas. In contrast, the inflammatory changes in juvenile pol-
yposis are limited to the polypoid areas only with interven-
ing normal mucosa.

Circumscribed foci of pseudosignet ring cell changes can
occur in a small subset of hyperplastic polyps related to gland
degeneration from torsion or ischemic injury and results in epi-
thelial sloughing, and the epithelial cells assume a signet ring-
like appearance (Fig. 8.26). The distinction from signet ring
cell adenocarcinoma can be made by appreciating the lack of
usual high-grade cytologic atypia and absence of infiltrative
growth pattern within these sloughed epithelial cells showing
pseudosignet ring cell change as well as ischemic/degenerative
changes within the surrounding mucosa. E-cadherin and Ki-67
immunostain as well as reticulin stain may be useful adjuncts
in such situations. E-cadherin is usually positive in the sloughed
pseudosignet ring cells while it would be negative in signet ring
cell adenocarcinoma. Reticulin stain would highlight the con-

Fig. 8.26 Gastric hyperplastic polyp with pseudosignet ring cell
changes. Circumscribed foci of epithelial sloughing assuming a signet
ringlike appearance related to gland degeneration from torsion or isch-
emic injury in a gastric hyperplastic polyp

finement of the pseudosignet ring cells within the gland base-
ment membrane and the absence of an infiltrative pattern. The
Ki-67 labeling in pseudosignet ring cells would be low (<2%
staining), while the Ki-67 labeling would be increased in signet
ring cell adenocarcinoma [174].

Treatment and Prognosis

Up to 80% of hyperplastic polyps have been reported to
regress after eradication of H. pylori before endoscopic
removal [175, 176]. Hence, testing for H. pylori infection
and its eradication are important in patients with hyperplastic
polyps. They rarely undergo neoplastic change, and dyspla-
sia in hyperplastic polyps is rare, ranging from 1.5% to 4%.
It is more common in polyps measuring >2 cm [169, 177—
179]. Adenocarcinoma is even rarer with a reported range of
up to 2%. However, hyperplastic polyps are associated with
an increased risk of synchronous cancer occurring elsewhere
in the gastric mucosa [180]. Hence, endoscopic and micro-
scopic assessment of the surrounding gastric mucosa is
important. There is controversy regarding whether they
should be simply biopsied or whether they should be entirely
removed by polypectomy. Some recommend performing
polypectomy for all small polyps and periodic biopsy of
larger hyperplastic polyps that are too big for polypectomy.
Others recommend polypectomy for only large hyperplastic
polyps as they have the highest risk for neoplastic change.

Peutz-Jeghers Polyp

Definition
Peutz-Jeghers polyp is a hamartomatous polyp arising in
patients with Peutz-Jeghers syndrome (PJS).

Clinical Features

PIJS is an autosomal dominant syndrome caused by a germline
mutation of the LKBI/STK11 gene. WHO criteria for clinical
diagnosis of PJSs are: (1) detection of three or more histologi-
cally confirmed Peutz-Jeghers polyps; or (2) the presence of
any number of Peutz-Jeghers polyps in a patient with a family
history of the syndrome; or (3) detection of characteristic,
prominent mucocutaneous pigmentation in the patient with a
family history of the syndrome; or (4) detection of any number
of Peutz-Jeghers polyps in a patient with prominent mucocu-
taneous pigmentation [181]. Patients with PJS have gastroin-
testinal polyposis, perioral pigmentation, and overtime cancer
risk of >80% by the age 70 years [182, 183]. About 25% of
patients with PJS develop gastric polyps [184].

Pathological Features

The polyps usually vary in size between 0.1 cm and 5 cm and
they are often sessile. The gastric polyps commonly arise in
the antrum. Microscopically, they are composed of promi-
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Fig. 8.27 Peutz-Jeghers polyp. A hamartomatous polyp composed of
prominent, dilated, or branching mucin-filled gastric pits lined by fove-
olar epithelium and variable number of deep glands. Some arborizing
smooth muscle bundles are present in this gastric Peutz-Jeghers polyp

nent dilated or branching mucin-filled gastric pits lined by
foveolar epithelium and variable number of deep glands
(Fig. 8.27). The surfaces of polyps may be superficially
eroded and acutely inflamed. They usually lack an arborizing
architecture with prominent bands of smooth muscle as seen
in small bowel or colonic Peutz-Jeghers polyps; however, a
subset of them may show some degree of smooth muscle
proliferation. The background gastric mucosa is usually
unremarkable. A subset of large polyps may show displaced
benign glands and mucinous cysts within the submucosa,
muscularis propria, or even the serosa. The benign histologic
appearance of the epithelium differentiates these areas from
invasive adenocarcinoma.

Differential Diagnosis

Gastric Peutz-Jeghers polyps are often difficult to distin-
guish from gastric hyperplastic polyps and juvenile polyps
[185]. They are best distinguished by correlation with the
clinical history and other features that characterize each syn-
drome to establish the correct diagnosis. A subset of large
gastric hyperplastic polyps may develop prominent smooth
muscle bundles within the polyp due to mucosal prolapse.
Therefore, the identification of prominent smooth muscle
bundles is also not diagnostic of Peutz-Jeghers polyps in the
stomach. Hence, one should be cautious in making a new
diagnosis of Peutz-Jeghers syndrome while evaluating gas-
tric polyps in isolation of the clinical context.

Treatment and Prognosis

These patients are at an increased risk for a variety of extrain-
testinal and gastrointestinal malignancies including gastric,
small bowel, and colorectal cancers. Patients with PJS have
a 29% lifetime risk of gastric cancer [186, 187]. Dysplasia in

gastric Peutz-Jeghers polyp is rare. It has been proposed that
Peutz-Jeghers polyps are not malignant precursors but in fact
just an epiphenomenon to cancer prone condition [188]. The
gastric mucosa of PJS patients has yet not been studied for
pre-tumor progression [189]. Surveillance guidelines for PJS
patients recommend upper gastrointestinal endoscopy and
colonoscopy be done first at the age of 8§ years. If polyps are
found, it should be repeated every 3 years. If no polyps are
found, then a second baseline examination should be done at
the age of 18 years and then every 3 years, or earlier if symp-
toms occur [182]. It has also been suggested that gastric
Peutz-Jeghers polyps larger than 1 cm should be resected
endoscopically, and patients should receive annual surveil-
lance [170].

Juvenile Polyp

Definition
Juvenile polyp is a hamartomatous polyp arising in patients
with juvenile polyposis syndrome (JPS).

Clinical Features

JPS is an autosomal dominant syndrome and is the most
common of the hamartomatous polyposis syndromes.
Synonyms for this syndrome include generalized juvenile
polyposis, juvenile polyposis of infancy, and gastric juve-
nile polyposis. It is caused by mutations of the SMAD4
gene (also called the MADH4 gene) or the BMPRIA gene in
20% and 25% of patients, respectively [190-192]. SMAD4
mutation is associated with the greatest risk factor for
upper-gastrointestinal tract involvement, as more than 80%
of patients with a germline SMAD4 mutation will have
extra-colonic involvement [193, 194]. The early childhood
presentation has been associated with ENG germline muta-
tions [195]. Majority of the patients have a family history
of JPS; however, about 25% of newly diagnosed cases rep-
resent new or de novo mutations and hence they are spo-
radic [196]. WHO criteria for the clinical diagnosis of JPS
include: (1) more than three to five juvenile polyps of the
large bowel; or (2) multiple juvenile polyps throughout the
gastrointestinal tract; or (3) any number of juvenile polyps
with a family history of JPS [197]. JPS patients develop
hamartomatous polyps in the colon, the stomach, and less
commonly in the small bowel. More than 80% of JPS
patients have lesions in the stomach. Most develop polyps
before the age of 20 years; hence, the diagnosis can be
made much later in life in late adulthood (the word “juve-
nile” signifies the type of polyp and not the age of diagnosis
or onset of the polyp). The clinical manifestations can vary
in severity, as a subset of patients developing only a few
polyps, whereas others have extensive polyposis, present-
ing with diarrhea or malabsorption.
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Fig. 8.28 Juvenile polyposis syndrome. Multiple polyps in stomach
affecting the antrum, body, and fundus in a patient with juvenile pol-
yposis syndrome on upper endoscopy (a). The polyp shows abundant

Pathological Features

Grossly juvenile polyps are usually multiple polyps ranging
from 0.1 cm to 5 cm affecting the antrum and extending to the
fundus/body (Fig. 8.28a). They usually have spherical shape
with a smooth surface. The larger polyps can be multilobated
or may show a villiform architecture. Microscopically, they
show abundant distorted and mucus-filled dilated gastric
glands with excess of lamina propria showing edema and
inflammatory cells (Fig. 8.28b). The stroma/epithelium ratio is
abnormally greater than normal. Smooth muscle is rarely seen
within the lamina propria. Dysplasia can be found in 15% of
gastric juvenile polyps [198]. A subset of patients with JPS
may develop massive gastric juvenile polyposis showing total
or near-total carpeting of the gastric mucosa by innumerable
polyps, ranging from a few millimeters to 10 cm [199, 200].

Differential Diagnosis

Gastric juvenile polyps share resemblance with hyperplastic
polyps or other hamartomatous gastric polyps such as PJS,
Cronkhite-Canada syndrome, and Cowden syndrome [185];
hence, they are difficult to almost impossible to differentiate on
morphology alone. One clue may be the abnormal intervening
mucosa seen in Cronkhite-Canada syndrome polyps but not in
JPS. The polyps in JPS are usually more extensive and densely
distributed, and they also have more abundant inflamed stroma
and less foveolar hyperplasia than hyperplastic polyps.

JPS polyps should be distinguished from sporadic juvenile
polyps unassociated with a syndrome, which are typically sin-
gle incidental lesions in the antrum, with a prevalence of about
2% of the pediatric and adult population. In contrast, JPS gas-
tric polyps are typically multiple with involvement of both gas-
tric antrum and body. There are no morphological features that
can help separate syndromic from non-syndromic polyps.

distorted and mucus-filled dilated gastric glands with prominent edema
in lamina propria (b)

Treatment and Prognosis

Patients with JPS have a 20% risk of developing gastric car-
cinoma [201]. Upper gastrointestinal endoscopy is recom-
mended between the age of 12 and 15 years, and it should be
repeated annually if polyps are found and every 1-3 years if
no polyps are found [182].

Cronkhite-Canada Syndrome

Definition

Cronkhite-Canada syndrome is a rare non-congenital
protein-losing enteropathy characterized by diffuse gastroin-
testinal tract polyposis and ectodermal changes such as alo-
pecia and nail dystrophy.

Clinical Features

Majority of the patients manifest in middle to late adulthood,
and >80% of patients are over 50 years at the time of diagno-
sis with a mean age at presentation of 59 years. Abdominal
pain, diarrhea, and weight loss are the common presenting
symptoms. Patients may also present with protein-losing
enteropathy and peripheral edema due to malabsorption.
Almost all patients also show ectodermal manifestations
such as alopecia (of the body and scalp), nail dystrophy, and
skin hyperpigmentation. Its exact cause is unknown but an
autoimmune etiology has been suggested [202].

Pathological Features

The polyposis in Cronkhite-Canada syndrome involves the
entire gastrointestinal tract except the esophagus [203, 204].
The polyps range in size from a few millimeters to 1.5 cm.
The polyps may involve the entire stomach (Fig. 8.29a).
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Fig.8.29 Cronkhite-Canada syndrome. Numerous polypoid lesions present in the entire stomach on upper endoscopy in a patient with Cronkhite-
Canada syndrome (a). The polyps have a hamartomatous appearance with cystically dilated gastric glands and edematous lamina propria (b)

Occasionally, there may be selective sparing of the stomach
[204]. Microscopically, the Cronkhite-Canada syndrome
polyps have a hamartomatous appearance. They show cysti-
cally dilated gastric glands and edematous lamina propria
with mild mononuclear inflammation (Fig. 8.29b). Oxyntic,
chief, Paneth, and endocrine cells are usually inconspicuous.
A prominent mast cell, eosinophils, or IgG4 positive plasma
cell infiltrate may be seen [203, 205-207]. The most impor-
tant microscopic finding that distinguishes Cronkhite-
Canada syndrome from other polyposis syndromes is the
presence of lamina propria edema, gland/crypt architectural
distortion, and inflammation in the intervening endoscopi-
cally/macroscopically normal-appearing non-polypoid gas-
tric mucosa.

Differential Diagnosis

Gastric Cronkhite-Canada syndrome polyps share resem-
blance with hyperplastic polyps or other hamartomatous gas-
tric polyps such as PIS, JPS, and Cowden syndrome [202].
Hence, they are very difficult to differentiate on morphology
alone. One clue may be the abnormal intervening mucosa
seen in Cronkhite-Canada syndrome polyps but not in
others.

An infiltrative or infectious etiology may also be in the
differential especially if endoscopy shows a diffusely thick-
ened or atrophic appearance rather than a polypoid mucosa.
Careful histopathological evaluation will easily exclude neo-
plasia as well as infection and confirm the characteristic
architectural distortion and lamina propria changes of
Cronkhite-Canada syndrome. Special stains for infectious
etiology can also be helpful.

Menetrier’s disease can also present as polypoid gastric
mucosa on endoscopy, and Cronkhite-Canada syndrome is

clinically associated with peripheral edema, diarrhea, and
protein-losing enteropathy. However, the hyperplastic
changes on microscopy are virtually always limited to the
proximal stomach with an endoscopically and histologically
unremarkable antral mucosa. Moreover, the duodenal
mucosa would also be normal in Menetrier’s disease [208].

Treatment and Prognosis

Cronkhite-Canada syndrome polyps are considered nonneo-
plastic with controversial malignant potential. However,
carcinomas of the stomach have been described in patients
with Cronkhite-Canada syndrome [209-211]. Due to its rar-
ity, it is debatable if the patients with Cronkhite-Canada
syndrome are truly at risk for gastrointestinal cancers.
Variety of treatment approaches such as nutritional support,
antibiotics, immune suppression, and surgery have been
tried, often in different combinations and they have had
variable success [202]. Less than 5% of patients have a com-
plete remission and the overall outcome remains poor [212].
The 5-year disease-related mortality is reported as high as
55% and is most frequently related to gastrointestinal hem-
orrhage, infection, malnutrition, or congestive heart failure
[204, 213].

Cowden Syndrome

Definition

Cowden syndrome is a rare autosomal dominant condition
characterized by multiple hamartomatous lesions. It is included
in the spectrum of PTEN hamartoma tumor syndromes. Recent
studies have shown a prevalence of 25-35% for PTEN muta-
tions in Cowden syndrome patients [214-216].
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Clinical Features

It is characterized by pathognomonic mucocutaneous lesions
(facial trichilemmoma, acral keratoses, papillomatous pap-
ules, and mucosal lesions), increased cancer risk (breast, thy-
roid, endometrial, colorectal, kidney, and melanoma), benign
hamartomatous overgrowth of tissues (including gastrointes-
tinal polyposis), and macrocephaly. Gastrointestinal polypo-
sis involving the entire gastrointestinal tract is a common
manifestation in patients with Cowden syndrome. Almost all
patients with Cowden syndrome have gastric polyps. Most of
the patients with Cowden syndrome manifest the phenotype
by the second decade. Consensus-based diagnostic criteria
for Cowden syndrome has been established by the
International Cowden Consortium [217, 218].

Pathological Features

Gastric polyps are usually numerous and range in size from
0.1 cm to 2 cm (Fig. 8.30a). Microscopically, the polyps are
hyperplastic or hamartomatous (Fig. 8.30b) as seen in other
polyposis syndromes such as Cronkhite-Canada syndrome
and JPS. Dysplasia is extremely rare.

Differential Diagnosis

Gastric polyps in Cowden syndrome share resemblance with
hyperplastic polyps or other hamartomatous gastric polyps
such as PJS, JPS, and Cronkhite-Canada syndrome. Hence,
they are very difficult to differentiate on morphology alone.

Treatment and Prognosis

It is unclear if patients with Cowden syndrome have an
increased risk for gastric cancer. However, there are a few
reported cases of gastric cancer in patients with Cowden syn-
drome [219, 220]. Endoscopic upper gastrointestinal tract

surveillance is recommended in patients with Cowden syn-
drome every 2-3 years starting at 15 years of age [182].

Miscellaneous Disorders
Pancreatic Acinar Metaplasia

Definition

Pancreatic acinar metaplasia (PAM) is defined as nests or
lobules of pancreatic acinar tissue composed of cells with
coarse apical eosinophilic granules with or without mucous
cells. Synonyms include pancreatic cell metaplasia and pan-
creatic metaplasia.

Clinical Features

Usually an incidental finding that can be seen in children and
adults with no gender preference. It is may represent a con-
genital rest or a type of metaplasia [140, 221-225]. Studies
have shown PAM in up to 11% of investigated subjects [140,
141, 221]. It is commonly seen in the gastric cardia and
antrum without any significant association with inflamma-
tion, atrophy, or intestinal metaplasia. However, PAM in the
gastric body has been associated with autoimmune atrophic
gastritis [141]. A study has also shown PAM located above
the gastroesophageal junction to be associated with H. pylori
gastritis and gastroesophageal reflux [226].

Pathological Features

On H&E-stained sections, PAM appears as pancreatic acinar-
like cells with abundant cytoplasm that is eosinophilic and
granular in the apical and middle portions and basophilic in the
basal area (Fig. 8.31). The nuclei are basally situated, small,

Fig. 8.30 Cowden syndrome. A gastrectomy specimen shows numer-
ous polyps in the antrum, body, and fundus in a patient with Cowden
syndrome (a). The polyps have hyperplastic or hamartomatous appear-

i i 5 L
ance similar to the histological features of juvenile polyp or Cronkhite-
Canada syndrome (b)
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Fig. 8.31 Pancreatic acinar metaplasia. A few foci of well-
circumscribed pancreatic acinar cells (arrowheads) present in a biopsy
from gastric cardia with mild chronic inflammation in lamina propria

round, and uniform with inconspicuous nucleoli. Mucous cells
may be intermingled with acinar-like cells within the lobules or
could line tubules or small cystic spaces. The foci of PAM may
be in continuity with the adjacent gastric glands or may be
separated from them by smooth muscle or fibrous tissue.
Immunohistochemically, PAM is positive for pancreatic lipase,
amylase, and trypsinogen [140, 221]. However, immunostains
are usually not required for diagnosis. Rare cells in PAM may
be positive for chromogranin, synaptophysin, or gastrin.

Differential Diagnosis

Pancreatic heterotopia is differentiated from PAM by pres-
ence of ductal elements and/or well-defined islets. Paneth
cells may also come in the differential, but the presence of
large refractile granules within Paneth cells helps to distin-
guish them from PAM in which the zymogen granules are
much smaller and eosinophilic. Immunostains for trypsin or
lipase may be helpful in difficult cases.

Treatment and Prognosis

No treatment is needed as it is an incidental finding. However,
its presence in adult gastric mucosa from the body or fundus
should raise a suspicion for autoimmune atrophic gastritis
especially if there is presence of associated chronic inflam-
mation and/or atrophy of the oxyntic glands.

Gastritis Cystica Polyposa or Profunda

Definition

Gastritis cystica polyposa is a rare pseudotumor of the stom-
ach characterized by benign growth of deep gastric glands
through the muscularis mucosa into the submucosa or
beyond. A polypoid lesion is known as polyposa, and when

it is predominantly inverted, forming a submucosal lesion or
mass, it is referred to as profunda.

Clinical Features

Gastritis cystica polyposa is usually seen in adults in the 5th or
6th decades of life. Patients may remain asymptomatic or pres-
ent with abdominal pain, gastrointestinal bleed, and rarely gas-
tric outlet obstruction. Endoscopy may show a nodular mucosa.
It is commonly seen in patients who have undergone gastric
surgery such as gastroenterostomy [227-229]. However, it can
also be seen in non-operated stomachs [230-232]. Chronic
inflammation, gastric surgery, and ischemia are considered to
be the most important factors in its pathogenesis [233].
Epithelial displacement and implantation into the submucosa
or beyond occurs following mucosal ulceration, herniation, iat-
rogenic mucosal defect (due to surgery, biopsy or polypec-
tomy), or microdiverticula. Standard endoscopic biopsy is
usually less helpful in making the diagnosis as it seldom offers
information about the submucosa. In many cases, the preopera-
tive diagnosis of this entity can be challenging and the patient
may have to undergo gastric resection for definitive diagnosis.

Pathological Features

Histology shows dilated glands extending through the muscu-
laris mucosa into the submucosa, muscularis propria, and even
into the serosa (Fig. 8.32). These glands are lined by bland
foveolar epithelium with absence of nuclear atypia or mitotic
activity. The glands are surrounded by a rim of normal lamina
propria and absence of desmoplastic stromal reaction. The sur-
rounding stroma may be edematous with varying degrees of
mixed inflammation, hemosiderin deposition, and fibrosis. The
overlying gastric mucosa may show active chronic inflamma-
tion, ulceration, glandular atrophy, or intestinal metaplasia.

Fig. 8.32 Gastritis cystica profunda. Dilated gastric glands with
absence of nuclear atypia extend through the muscularis mucosa into
the submucosa. The glands present in the submucosa are surrounded by
a rim of normal lamina propria and are without desmoplastic stromal
reaction
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Differential Diagnosis

Invasive well-differentiated adenocarcinoma is the main dif-
ferential, and its distinction can be challenging [234].
However, careful attention to the absence of invasive growth
pattern, lack of cytologic atypia, absence of desmoplastic
stromal reaction, presence of lamina propria around the
glands, and history of prior surgical procedure helps in dis-
tinguishing invasive adenocarcinoma from gastritis cystica
polyposa or profunda (Table 8.2). Endometriosis may also
come in the differential, but the presence of endometrial
stroma and its positivity for estrogen receptor immunostain
can help in making this distinction.

Treatment and Prognosis

Localized surgical excision including endoscopic submuco-
sal dissection and endoscopic mucosal resection are usually
curative [231]. However, recurrence can be rarely seen after
surgical resection [235]. There has been a suggestion that
gastritis cystica profunda/polyposa may be a precancerous
condition, but this is controversial and not universally
accepted [236-238]. However, there are rare cases of gastri-

Table 8.2 Differences between gastritis cystica profunda/polyposa
and invasive adenocarcinoma

Gastritis cystica Invasive
Features profunda/polyposa | adenocarcinoma
Overlying dysplastic Absent Present
epithelium
Rim of lamina propria Present Absent
around the glands
Desmoplastic stromal Absent Present
reaction around the glands
Mitosis Absent to rare Present
Contour of glands Smooth, regular, | Irregular and
and lobular distorted
Cytologic atypia Absent Present

tis cystica profunda/polyposa reported in association with
gastric adenocarcinoma in unoperated stomach [239, 240].

Mucosal Calcinosis

Definition
Gastric mucosal calcinosis is defined as deposition of cal-
cium salts within the gastric mucosa.

Clinical Features

Gastric mucosal calcinosis is typically seen in adults with a
female predominance. Usually asymptomatic but occasional
patients can present with dyspepsia, nausea, vomiting, and
epigastric pain. Most examples are detected at autopsy or
due to the use of bone-seeking radiopharmaceuticals such
as technetium-99 m methylene diphosphate. In routine prac-
tice, gastric calcifications are rare and seen in less than 0.1%
of gastric biopsies [241]. However, up to 33% of gastric
biopsies in transplant patients and up to 60% of chronically
uremic, dialyzed patients can have calcinosis in their gas-
tric biopsies [242, 243]. Gastric mucosal calcinosis has been
associated with a number of etiological conditions such as
hypercalcemia and/or hyperphosphatemia (related to chronic
renal disease, uremia, dialysis, and secondary hyperparathy-
roidism), antacids, sucralfate, citrate-containing blood prod-
ucts, and organ transplantation [241]. Endoscopy may show
1-5 mm white flat plaques or nodules in the gastric fundus,
body, and/or antrum [244, 245]. Rarely, it may appear as a
large ulcerative lesion mimicking malignancy [246].

Pathological Features

Histological findings include amorphous irregular baso-
philic deposits in the lamina propria usually just below the
epithelium or foveolar tips (Fig. 8.33a). These deposits may

;%ﬁ?'.-"."';‘.'

Fig.8.33 Mucosal calcinosis. Amorphous irregular basophilic deposits in the lamina propria below the gastric surface epithelium or foveolar tips
(a). These deposits are positive on Von Kossa stain (b)
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also be found in the deeper lamina propria or muscularis
mucosa. The deposits may be slightly refractile but do not
polarize. Von Kossa (Fig. 8.33b) and alizarin red stains are
positive. There is no predilection for any particular part of
the stomach as they can be found in the fundus, body, and/
or antrum. In severe cases, the calcinosis may also be seen
in the submucosal vessels with associated luminal stenosis.
In majority of cases, the background gastric mucosa may be
unremarkable (metastatic calcification). However, about
30% of cases may show some background changes such as
inflammation, edema, ulceration, atrophy, and foveolar
hyperplasia (dystrophic calcification). There is no signifi-
cant association between gastric mucosal calcinosis and H.
pylori.

Differential Diagnosis

Kayexalate crystals may come in the differential but are
rhomboid or triangular in shape, deeply basophilic on H&E
stain, and exhibit a distinctive internal mosaic pattern that
resembles fish scales [42]. Schistosomal eggs and strongy-
loides worm can undergo calcification and be in the differen-
tial. However, identification of parasitic structures within the
areas of calcifications and presence of eosinophils and
Charcot-Leyden crystals can help make the differentiation.
OsmoPrep deposits can mimic mucosal deposits, but they are
purple to black in color. They are also positive on von Kossa
stain but negative with alizarin red helping to make the dis-
tinction [22].

Treatment and Prognosis

The presence of mucosal calcinosis in gastric biopsies should
be reported as its presence serves as a marker for the pres-
ence of metastatic calcifications in organs such as the heart,
where it may be fatal [243]. Some cases of mucosal calcifica-
tion are reversible with normalization of the biochemical
parameters [241].

Amyloidosis

Definition
Gastric amyloidosis is defined as deposition of amyloid pro-
tein within the stomach.

Clinical Features

In patients with systemic amyloidosis, gastric involvement is
seen in around 8% of cases by biopsy and 12% at autopsy
[247] and is commonly seen in male adults in the 6th and 7th
decades. Presenting symptoms include nausea, vomiting,
weight loss, abdominal pain, gastrointestinal bleeding, and
gastric outlet obstruction [248-252]. However, only about
1% of patients with gastric amyloidosis are symptomatic.

Endoscopy may show varying appearances including thick-
ened gastric folds, loss of rugal folds, ulcers, hematomas,
granular mucosa, gastroparesis, nodular appearance, mass
lesion, and plaque-like lesions [247, 253]. Up to a third of
patients may show unremarkable gastric mucosa suggesting
that a gastric biopsy is essential for diagnosis of gastric amy-
loidosis [249].

Pathological Features

Histologically, amyloid deposits appear pale eosino-
philic and acellular on H&E stain (Fig. 8.34a). Congo red
stain is positive exhibiting an apple green birefringence
(Fig. 8.34b, c¢). Amyloid deposition can be seen within the
body/fundus and/or antrum. Muscularis mucosae is the
most common location for amyloid deposition, followed
by the lamina propria, and submucosa [249]. The blood
vessels also commonly show amyloid deposition. The sur-
rounding gastric mucosa may show changes of reactive
gastropathy, gastritis, intestinal metaplasia, and H. pylori
infection. A recent series on gastric amyloidosis showed
AL (amyloid light chain) type to be the most common sub-
type of amyloid involving the stomach, followed by the
ATTR (transthyretin amyloidosis), AA (acquired amyloi-
dosis), and AApo Al (Apolipoprotein Al amyloidosis)
types [249].

Differential Diagnosis

Differential diagnosis includes extracellular deposits that
can mimic amyloidosis on H&E stain such as collagen
deposits, light chain deposition disease, and elastosis
(Fig. 8.35a). Collagen fibers tend to be brighter and more
eosinophilic than amyloid on H&E stain. Trichrome stain
will show strong positivity for collagen, in comparison amy-
loid tends to be negative or very weakly positive. Congo red
stain can also help, as collagen is not congophilic. Under
polarizing light, the collagen does not show the apple green
birefringence but shows a silvery white birefringence. Light
chain deposition disease is rare in the stomach [254, 255].
They will be negative on Congo red stain. The monoclonal
light chains are usually kappa light chain restricted. Elastosis
will be negative on Congo red stain. Acid orcein-Giemsa and
Verhoeff-van Gieson stains (Fig. 8.35b) can be used to high-
light the elastic fibers.

Treatment and Prognosis

The treatment and prognosis of amyloidosis depends on the
underlying disease. Hence, accurate subtyping of amyloid
deposits by mass spectrometry is important for therapeutic
purposes and prognosis. In AL amyloidosis, treatment
focuses on the underlying plasma cell dyscrasia. While in
AA amyloidosis, cure is aimed at the underlying inflamma-
tory or infectious disorder.



8 Drugs-Induced Injury, Infections, Vascular, Congenital, and Miscellaneous Disorders 179

Fig. 8.34 Gastric amyloidosis. Pale eosinophilic and acellular amyloid deposits within lamina propria on H&E stain (a). The amyloid deposits
are positive on Congo red stain (b) and show an apple green birefringence under polarized light (c)

Fig. 8.35 Elastosis. Gastric antral biopsy with pale pink eosinophilic amorphous deposition within the lamina propria on H&E stain (a). The pale
pink eosinophilic amorphous depositions are elastic fibers and positive on Verhoeff-van Gieson stain (b)



180

V.S. Chandan

Fig. 8.36 Gastric siderosis. Brownish iron deposition in the fundic glandular epithelium (a) and is positive on Prussian blue stain (b)

Gastric Siderosis

Definition
Gastric siderosis is defined as iron deposition within the gas-
tric mucosa.

Clinical Features

Gastric siderosis is typically seen in adults with no gender
predominance and is usually seen in patients with iron over-
load/hemochromatosis, heavy alcohol abusers, or patients
taking iron medications. One study showed gastric siderosis
in 50-69% of gastric biopsies from patients with hemochro-
matosis or alcoholics [256]. However, overall it is an uncom-
mon condition with a prevalence of 3.6% in gastric biopsies
[257]. This condition is usually asymptomatic and the
patients may present with symptoms related to the underly-
ing disorder. Laboratory tests can show an elevated ferritin.
Endoscopy may show speckled areas of brown pigmentation
within the stomach [258].

Pathological Features

Iron deposits appear as brown granules that are consistent with
hemosiderin. Sometimes it may form large coarse clumps with
a fibrillary appearance. Three patterns of gastric siderosis have
been described. [257]. First and the most common pattern
shows predominant iron deposition in the stromal cells and
macrophages, and it is most likely a result of gastric inflamma-
tion or prior trauma or hemorrhage. The second pattern shows
predominantly extracellular iron deposition with associated
mild gastritis and reactive gastropathy. This pattern is associ-
ated with oral iron medication use. The third pattern shows
predominant iron deposition in the antral and fundic glandular
epithelium and may be associated with systemic iron over-
load/hemochromatosis (Fig.8.36a). Prussian blue (iron) stain
can highlight the iron in cases of gastric siderosis (Fig. 8.36b).

Differential Diagnosis

Iron pill-associated gastritis may come in the differential.
However, iron pill material shows a characteristic brown crystal-
line and clumpy fibrillary material which is refractile (Fig. 8.1).
Most of the time, this brown crystalline material is luminal, seen
adjacent to the surface epithelium and admixed with luminal
inflammatory exudate. The adjacent gastric mucosa can show
reactive foveolar hyperplasia with mucin depletion and elon-
gated tortuous gastric pits. On an iron stain, the crystalline iron
pill material can be easily distinguished from hemosiderin pig-
ment, despite positive staining for both on the iron stain.

Treatment and Prognosis

Treatment depends on the underlying disorder. When gastric
siderosis is identified, it should be an indication for further
workup to rule out iron overload/hemochromatosis and por-
tal hypertension within the patient.
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