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Acute abdominal distension and tympany occurs sporadi-
cally in both Old and New World NHP colonies and is most 
commonly associated with acute gastric dilatation.1,17,23 Pre-
disposing factors include sudden changes in diet or feeding 
schedule, acute overfeeding, anesthetic events, and long-term 
antibiotic therapy that disrupts normal gastric flora.1,25 Most 
cases of gastric dilatation involve rapid production of gas by 
clostridial organisms, usually Clostridium perfringens, resulting 
in gastric distension and possible torsion.1,5,8,22 Early signs of gas-
tric dilatation are hyperactivity or lethargy, agitation, dyspnea, 
abdominal rigidity, and gastric tympany. Due to the subtle na-
ture of early signs and rapid disease course, the animal is often 
found dead or in a state of advanced cardiovascular compro-
mise.23 Emergency treatment is often unsuccessful but includes 
decompression of the stomach by using a large-bore stomach 
tube, appropriate treatment of shock, administration of antibi-
otics targeting clostridial and other anaerobes, parenteral fluid 
therapy, and careful monitoring for recurrence of condition.1,17

Case Report
Three months prior to euthanasia, the 9-y-old, sexually in-

tact female rhesus macaque in this report was scheduled for an 
ovariohysterectomy after a presumptive diagnosis of endome-
triosis. This diagnosis was based on a history of painful men-
strual cycling and uterine enlargement (approximate diameter, 
5 cm) noted on routine examination. During surgery, adhesions 

deep to the abdominal wall prevented full visualization of the 
abdominal cavity. Caudally, these adhesions were thick, fibrous, 
and firmly attached to the pelvic organs. Attempts to gain vi-
sualization resulted in hemorrhage from vessels buried within 
the adhesions as well as an incision into the bladder, which was 
adhered to the peritoneum. At that point, the procedure was 
discontinued, the bladder repaired, and the decision was made 
to treat the animal medically. She received medroxyprogester-
one (40 mg IM; Depo-Provera, Pfizer, New York, NY) for treat-
ment of endometriosis, the presumptive cause of the abdominal 
cavity abnormalities noted during surgery. Due to investigator 
concerns regarding medroxyprogesterone’s reported effects on 
glucoregulatory function,11,15 no additional doses were adminis-
tered, and alternative treatment options were being researched 
at the time of her presentation with abdominal distension. The 
macaque was seronegative for SIV, simian retrovirus, simian T-
lymphotropic virus, and Macacine herpesvirus 1 (Herpes B virus).

Three months after surgery, the macaque presented acutely 
with abdominal distension, anorexia, and lethargy. During 
the preceding 2 d, she was observed to be menstruating and 
partially anorexic but was otherwise bright, alert, and respon-
sive. In light of her concurrent diagnosis of endometriosis and 
absence of other clinical signs, she was placed on medical ob-
servation, appetite monitoring, and meloxicam (0.1 mg/kg SC 
daily for 2 d). On the morning of the third day, the macaque 
was lethargic and completely anorexic, with marked abdominal 
distension and facial pallor. She was anesthetized (ketamine, 10 
mg/kg IM; atropine, 0.05 mg/kg IM) for a full physical exam 
and diagnostic workup.

Physical examination revealed a taut, distended abdomen 
and pale mucous membranes with delayed capillary refill time. 
Her body temperature was low normal (99.8 °F [37.7 °C]); heart 
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and respiratory rates were both elevated, at 178 bpm and 40 
breaths per minute, respectively. Abdominal auscultation re-
vealed diffuse abdominal tympany. Supportive oxygen was 
provided through a nose cone, and 250 mL of lactated Ringer 
solution was administered intravenously over 30 min. An en-
dotracheal tube was placed, and an orogastric tube was passed. 
Small amounts of liquid and solid food material were collected 
from the orogastric tube, with minimal reduction of the abdomi-
nal distension. Radiographs revealed a decrease in serosal detail 
within the abdominal cavity, food material and gas were present 
in the stomach, and the large intestine was severely gas-dis-
tended (Figure 1). An enema was attempted but was unsuccess-
ful because the tube could not be passed more than 5 cm into the 
rectum. An intravenous bolus of 5% dextrose was started, and 
the macaque’s facial color improved, but mucous membranes 
appeared injected.

Primary differential diagnoses after radiographs included 
intestinal tympany secondary to bacterial dysbiosis, intra-
luminal, or extraluminal gastrointestinal obstruction. Due 
to the inability to resolve the abdominal distension by us-
ing medical therapy and the anticipated decline in the ma-
caque’s cardiovascular stability, emergency laparotomy was 
performed. Approximately 200 mL of serosanguinous fluid 
was suctioned from the peritoneal cavity. Extensive fibrohe-
morrhagic adhesions were present throughout the abdominal 
cavity, resulting in almost complete adhesion and fusion of 
the intestinal and reproductive tracts. Given her poor prog-
nosis after recovery from anesthesia, the macaque was eutha-
nized by using intravenous barbiturate overdose while she 
was still anesthetized.

Gross pathology. Thickened, vascularized omentum and 
serosa adhered the stomach and bowel loops to the urinary 
bladder and reproductive tract (Figure 2). The proliferative peri-
toneal tissue had a heterogeneous reddened appearance due 
to regions of frank hemorrhage and multiple, variably sized 
fibrovascular regions associated with small clear or blood-filled 
cysts. These changes were most evident in the caudal abdomen 
in association with the urinary bladder, reproductive tract, and 
terminal intestinal tract. Intestinal pathology was most severe 
in the descending colon and rectum: these regions were com-
pletely adhered to one another resulting in marked and fixed 
deviations of anatomy (Figure 2). Anterior to these areas, the 
large intestine was markedly dilated. Gross sectioning of the 
entire intestine revealed no breach of the mucosa (lesions were 
limited to the serosal layer) and no evidence of mucosal neo-
plasia. The urinary bladder and reproductive tract displayed 
a similar fibrovascular serosal reaction with many associated 
small cysts (Figure 2). No significant pathology was noted in 
other organs.

Histopathology. All peritoneal serosal surfaces were covered 
by abundant fibrovascular tissue. The cysts apparent during 
necropsy corresponded histologically to spaces containing 
blood or serous fluid or clusters of detached cells embedded 
within the fibrovascular tissue (Figure 3 A). These blood-filled 
spaces were lined by pleomorphic polygonal cells that were 
variably confluent with the surrounding spindeloid population 
(Figure 3 B). In addition, similar cells were arranged as nod-
ules or sheets that extended through fibrovascular tissue to the 
peritoneal surface. In some areas, these cells assumed a polygo-
nal shape with well-defined cytoplasmic membranes, variably 
abundant extracellular matrix, and granular intracytoplasmic 
material that stained positively after periodic acid–Schiff stain-
ing. Moderate anisocytosis and anisonucleosis were present, 
and the mitotic rate was low (that is, fewer than 1 mitosis per 

high-power field). A vigorous peritoneal mesothelial response 
was evident.

Both ovaries were encased in a thick sheet of tissue located ex-
terior to the cortex (Figure 4 A and B). This tissue predominantly 
was composed of polygonal to spindeloid cells with well-de-
fined cytoplasmic membranes and granular intracytoplasmic 
material stained positively after periodic acid–Schiff staining. 
Moderate anisocytosis and anisonucleosis were present, and the 
mitotic rate was low (that is, fewer than 1 mitosis per 40× field). 
Isolated simple cuboidal to columnar glandular structures re-
sembling endometrial glands were embedded within the peri-
ovarian tissue (Figure 4 B), which was continuous with stroma 
of adjacent ovarian endometriomas. Scattered mononuclear 
cells with granular brightly eosinophilic cytoplasm, consistent 
with NK cells, were distributed throughout. Clearly differenti-
ated foci of endometriosis were scattered throughout omental 
fat, fibrovascular tissue, and connective tissue surrounding ova-
ries, oviduct, and uterus. The uterus demonstrated endometrial 
changes consistent with menses.

Immunohistochemistry. Clearly differentiated endometrio-
mas consistent with peritoneal endometriosis were interspersed 
within the prevailing serosal fibrovascular reaction containing 
blood-filled spaces lined by pleomorphic polygonal cells. This 
presentation supported consideration of severe peritoneal en-
dometriosis as a primary differential. However, we felt that the 
extent and severity of the peritoneal proliferative response in 
this animal warranted consideration of additional differential 
diagnoses, including peritoneal extension of intestinal carci-
noma, mesothelioma, hemangiosarcoma, leiomyosarcoma, gas-
trointestinal stromal tumor, endometrial stromal sarcoma (ESS), 
and peritoneal extension of a malignant ovarian process. Immu-
nohistochemical comparison of peritoneal and ovarian lesions 
with well-defined endometriomas is given in Table 1.

The periovarian proliferative tissue contained small numbers 
of well-defined pancytokeratin (AE1/AE3)-positive epithelial-
lined cysts (Figure 4 A) embedded within cytokeratin (AE1/3 
and CK5/6)-negative stromal tissue. Stromal tissue was positive 
for vimentin and smooth-muscle actin and expressed markers 
typical of endometrial stroma (CD10, progesterone receptor; 
Figure 4 C and E). This immunohistochemical phenotype, the 
continuity of periovarian tissue with ovarian endometriosis 
(Figure 4 A), and histologic features consistent with decidual-
ized stroma supported the conclusion that the periovarian tis-
sue was mesenchymal in origin and most likely derived from 
stromal elements of adjacent endometriosis.

We also immunohistochemically explored the origin of the 
nodular and blood-filled cystic lesions within the fibrovascular 
proliferative peritoneal response (Table 1 and Figure 3). These 
lesions were variably positive for smooth-muscle actin and des-
min, failed to express epithelial markers, and expressed mark-
ers indicative of stromal tissues of reproductive origin (CD10, 
Wilm tumor 1, estrogen receptor, and progesterone receptor). 
All peritoneal proliferative tissue was immunonegative for 
CD117, a marker of gastrointestinal stromal tumor. Prolifera-
tive fibrovascular serosal tissue was robustly vascularized and 
composed predominantly of spindle cells with periodic epithe-
lioid appearance on serosal surfaces. Greater anisocytosis was 
evident in the epithelioid regions on serosal surfaces, but the 
mitotic rate was still low (fewer than 1 mitosis per 40× field). 
Both spindeloid and epithelioid cells had a biphasic immuno-
phenotype, expressing both mesenchymal (smooth-muscle actin 
and desmin) and broad-spectrum epithelial (cytokeratin AE1/
AE3) markers, but not CK5/6. Proliferative peritoneal tissue 
was negative for a mesothelioma marker, calretinin. Endothelial 
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markers factor VII-related antigen and Wilm tumor (a marker of 
reactive vasculature) identified well-formed vessels through the 
fibrovascular response but not within nodular or cystic lesions. 
In summary, nodular and blood-filled cystic lesions within the 
fibrovascular proliferative peritoneal response presented an im-
munohistochemical phenotype consistent with stromal tissue of 
reproductive origin.

Discussion
The potential origins of the proliferative fibrovascular peri-

toneal lesions in this case are broad. Because the macaque had 
evidence of endometriosis and ovarian pathology, the perito-
neal lesions might represent a vigorous response to endome-
triosis, malignant transformation of endometrial stroma (ESS), 
or a reactive process associated with ovarian neoplasia. Scleros-
ing peritonitis associated with the ovarian neoplasia luteinized 
thecoma has been described in humans4,26 but not NHP. Given 
the prevalence of intestinal carcinoma in rhesus macaques, we 
strongly considered carcinomatosis originating from a neoplas-
tic enteric lesion. Mesothelioma was another possibility, and the 
highly vascularized nature of the peritoneal response prompted 
consideration of hemangiosarcoma. Additional differential di-
agnoses included retroperitoneal fibromatosis,29 leiomyosar-
coma, gastrointestinal stromal tumor, and idiopathic sclerosing 
peritonitis.2

Periovarian lesions were bilateral and composed of stromal 
tissue that was located exterior to the ovarian cortex. Similar 
to this macaque case, thecomas accompanied by sclerosing 
peritonitis are typically bilateral, demonstrate variably plump 
spindeloid to polygonal morphology, and express progester-
one and estrogen receptor.4,26 However, unlike this case, the-
comas arise within the cortex and usually express calretinin 
and cytokeratin.4,26 In our case, continuity of this tissue with 
regions of clear ovarian endometriosis, histologic features of 
decidualized endometrial stroma surrounding glands, and an 
immunohistochemical profile consistent with stromal tissues 
of reproductive origin (CD10, Wilm tumor 1, estrogen receptor, 

and progesterone receptor) support the conclusion that peri-
ovarian tissue was derived from ovarian endometriosis.

Peritoneal lesions were characterized by a vigorous fibrovas-
cular and mesothelial reaction comprising numerous blood-
filled cystic structures lined by pleomorphic polygonal cells 
that were variably confluent with the surrounding fibrovascu-
lar tissue. These cells expressed immunohistochemical markers 
similar to those noted in endometrial stroma and periovarian 
tissue (negative for cytokeratin AE1/AE3; positive for smooth-
muscle actin, CD10, Wilm tumor, estrogen receptor, and proges-
terone receptor). Carcinomatosis of enteric origin was excluded 
through careful gross dissection of the gastrointestinal tract, the 
lack of gross or histologic evidence of adenocarcinoma, and the 
failure of nodular and cystic lesions to express broad-spectrum 
cytokeratin.

Retroperitoneal fibromatosis is characterized by prolifer-
ation of spindle cells accompanying inflammatory cell in-
filtrates, fibroblasts, and endothelial cells subjacent to the 
pleura and peritoneum.1 This abnormality occurs in conjunc-
tion with progressive immunodeficiency caused by infec-
tions with simian retrovirus 2 or the rhadinovirus known as 
retroperitoneal fibromatosis herpesvirus.29 Our macaque did 
have fibrovascular cell proliferation, but showed no evidence 
of immunodeficiency or lymphoid depletion, and she tested 
negative for simian retrovirus 2 annually throughout her life. 
In addition, in highly cellular proliferative lesions of retro-
peritoneal fibromatosis, 25% to 75% of cells stain positive 
for factor VIII-related antigen. In our macaque, factor VIII-
related antigen immunoreactivity was noted only in well-dif-
ferentiated vascular profiles, consistent with vascularization 
secondary to the primary proliferative process.13

Hemangiosarcoma, leiomyosarcoma, and gastrointesti-
nal stromal tumor were excluded on the basis of histologic 
characteristics and immunohistochemical results. Spindle 
cells within fibrovascular tissue interspersed between blood-
filled cystic structures variably expressed both mesenchymal 
markers (smooth-muscle actin, desmin) and occasionally 

Figure 1. Radiographic findings. (A) Ventrodorsal and (B) right lateral radiographs shows decreased serosal detail throughout the abdominal 
cavity. The stomach appears to be in its normal position and filled with food material. The orogastric tube end is visible in both views. The large 
intestine is severely distended with gas, which appears in greater detail in right lateral radiographic view (B).
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broad-spectrum cytokeratin, consistent with mesothelial prolif-
erative lesions due to various causes including mesothelioma.9,14

These findings narrowed our differential list to severe endo-
metriosis, ESS, and mesothelioma. Calretinin immunoreactivity 
frequently accompanies both epithelioid and spindeloid vari-
ants of mesothelioma;9,27 in our macaque, peritoneal tissue was 

negative for this marker. Endometriosis is the presence of both 
endometrial glands and stroma outside the uterus, and is the 
most common reproductive disorder in Old World NHP. Risk 
of developing endometriosis increases with age, and there is 
also evidence of genetic susceptibility inherited through fa-
milial lines.30 The disease may be asymptomatic, but common 

Figure 2. Gross pathology. (A) Intestinal tract, ventral view. Large and small intestines are coiled into an adherent mass covered by highly vas-
cularized and hemorrhagic omentum and serosa. Omental lesions are most severe toward the caudal aspect of the abdomen. The location of the 
reproductive tract (removed) is indicated with a white asterisk. The stomach (black asterisk) is relatively unaffected. A catheter placed during 
surgery in an attempt to deflate the intestinal tract is located in the colon. (B) Reproductive tract, dorsal view. The dorsal aspect of the uterus 
(asterisk), ovaries (white arrows) and surrounding proliferative tissue are shown. Grossly visible uterine and ovarian endometriotic cysts are 
present (black arrows). (C) Terminal colon and rectum, longitudinal section. The intestinal lumen is partly occluded and demonstrates sharp 
deviations imposed by proliferative tissue limited to serosa (white arrows). The rectum is located at the lower right of the image. Bar, 1 cm.
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clinical signs are cyclical anorexia, depression, heavy bleeding, 
constipation, palpable abdominal masses, and reproductive 
failure.1,10,12 Retrograde menstruation is considered to be the 
primary mechanism of transplantation of ectopic endometrial 
tissue.1,20 This tissue can be found anywhere in the body, causing 

site-specific symptoms.12,24 Most commonly, the ectopic endome-
trial tissue causes abnormalities in the pelvic region secondary 
to endometrial cysts and adhesions involving the reproductive, 
gastrointestinal, or urinary tracts.1,12,24 In humans, intestinal en-
dometriosis is a rare condition that typically presents as focal 

Figure 3. Peritoneal pathology. (A) Representative section of peritoneal proliferative lesions. Numerous variably sized blood-filled cystic struc-
tures (arrows) are embedded within fibrovascular proliferative tissue that coated serosal surfaces and dissected through omental fat. These 
structures are illustrated in increased detail in panels B through F. Hematoxylin and eosin stain. (B) Blood-filled cystic structures are lined by 
spindeloid to polygonal cells with central necrosis (arrow). Hematoxylin and eosin stain. (C through E) Cells enclosing blood-filled spaces 
express (C) CD10, (D) estrogen receptor, and (E) progesterone receptor. (F) These regions fail to express FVIII-Rag, a reaction that is evident in 
surrounding vascular profiles (arrows). Bar, 100 µm (A); 50 µm (B through F).
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bowel lesions that occasionally can result in intestinal obstruc-
tion.16,28 Bowel obstruction secondary to endometriosis in NHP 
has not been reported previously. The severity of the perito-
neal response in our macaque was considered to be unusually 

excessive for sole diagnosis of endometriosis. Furthermore, 
we were unable to demonstrate clearly differentiated epithe-
lial and stromal components characteristic of this lesion. Extra-
genital ESS in humans has been described affecting a variety 

Figure 4. Ovarian pathology. (A) Both ovaries are enclosed in a 0.5- to 2-mm thick coat of tissue (indicated by parentheses) that is continuous 
with regions of ovarian endometriosis (white rectangle). Glandular profiles in both of these regions are immunopositive for broad-spectrum 
cytokeratin (immunohistochemistry, cytokeratin AE1/AE3). (B) Periovarian tissue is composed predominantly of spindle-shaped to polygonal 
cells with prominent cytoplasm, clear cytoplasmic borders, and minimal cellular atypia. Embedded within this tissue are rare glandular struc-
tures lined by simple cuboidal to columnar epithelium, which occasionally contain mucinous secretions. Hematoxylin and eosin stain. Periovar-
ian tissue is vimentin-positive (inset, C) and strongly immunopositive for progesterone receptor (nuclear staining, C) and CD10 (cytoplasmic 
staining, E). (D and F) A region of periovarian endometriosis (white rectangle in A) displays strong stromal immunoreactivity for progesterone 
receptor (nuclear staining, D) and CD10 (cytoplasmic staining, F). Bar, 500 µm (A); 50 µm (B); 100 µm (C through F); 20 µm (inset, C). 
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of peritoneal organs3,6,19 and arising from ovarian21 or extrago-
nadal endometriotic lesions.7,18 Histologically, ESS tumors are 
typically composed of sheets of cells resembling endometrial 
stroma, prominent stromal vascularity, few mitotic figures, and 
mild cellular atypia. ESS lesions invariably express CD10, estro-
gen receptor, and progesterone receptor.6,19 These histologic and 
immunohistochemical characteristics are consistent with those 
identified in our case and support a diagnosis of ESS.

In humans, as in our NHP case, ESS most commonly pres-
ents with symptoms of intestinal obstruction.7,18 Terminal clini-
cal signs in this macaque were consistent with acute intestinal 
obstruction, initially indistinguishable from those accompany-
ing gastric dilatation. However, subsequent clinical and radio-
graphic findings implicated the lower intestinal tract as a more 
likely source of obstruction. Large intestinal distortion by an ex-
traintestinal fibrovascular proliferative reaction was confirmed 
at necropsy. Histologic and immunohistochemical findings, as 
well as the concurrent well-differentiated endometriotic foci dis-
tributed throughout proliferative tissue, support our conclusion 
that the florid fibrovascular peritoneal proliferation originated 
from the stromal tissue of endometrial origin. The florid nature 
and relatively poor differentiation of this lesion favor selection 
of ESS rather than endometriosis as the most likely diagnosis. 
To our knowledge, this report is the first description in an NHP 
of an entity that resembles clinical and histologic features of ESS 
in humans.
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