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ABSTRACT.	 An 8-year 8-month-old castrated male Munchkin presented with vomiting, anorexia 
and hypoactivity. Computed tomography revealed excessive gas accumulation within the 
intestinal lumen and gas bubbles in the liver, spleen, and portal venous system, indicating hepatic 
portal venous gas. The cat died without any significant improvement, and mild splenomegaly was 
found at necropsy. Histologically, multiple gas vacuoles were diffusely observed in the liver and 
spleen. In the stomach, multiple gas vacuoles and scattered focal ulcers were detected within the 
mucosa. Multifocal hemorrhage was noted in the small and large intestines, whereas gas vacuoles 
were not present. Based on these findings, a gastric ulcer under high gas pressure may have 
provided an entry point for gas into the portal venous system.
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Hepatic portal venous gas (HPVG) is a rare condition that occurs when gas enters the portal venous system. In human medicine, 
HPVG is associated with necrosis and/or ulceration of the gastrointestinal tract, and is regarded as a poor prognostic sign with 
a high mortality rate [7]. HPVG has also been reported in dogs and cats with gastrointestinal disease, infection/sepsis, trauma 
(including iatrogenic trauma), and liver neoplasia [3, 9, 11, 13]. The ingestion of hydrogen peroxide resulted in the development of 
HPVG in a dog [1]. HPVG is generally diagnosed by radiography, ultrasound, or computed tomography (CT), and the prognosis 
of canine and feline HPVG cases depends on the underlying diseases [9]. Although the pathogenesis of HPVG remains unclear, 
it is considered to be caused by increased gas pressure in the intestinal lumen or by alterations in the intestinal mucosa that allow 
gas to enter the portal venous system through the mesenteric vein [7]. Previous studies on HPVG in animals focused on imaging 
examinations, and, thus, limited information is currently available on pathological findings. The aim of the present study was to 
describe the pathological findings of a feline case of HPVG and discuss its pathogenesis.

An 8-year 8-month-old castrated male Munchkin developed vomiting, anorexia, and hypoactivity. While the results of a blood 
examination were unremarkable, mildly corrugated bowel was noted in the ultrasonographic examination. The cat was treated 
by administering intravenous omeprazole, metoclopramide, and crystalloid fluid. The next afternoon, the cat vomited and a 
radiographic examination revealed branching linear gas permeability in the liver and multifocal stippled gas bubbles in the spleen 
(Fig. 1). The cat collapsed and a CT scan showed excessive gas accumulation within the intestinal lumen as well as gas bubbles in 
the liver, spleen and portal venous system (Fig. 2). The cat died without any significant improvement, and necropsy was performed 
on the same day. Mild splenomegaly was detected at necropsy. Multiple vacuoles of approximately 1 to 3 mm in diameter were 
diffusely observed on the cut surface of the spleen. The heart, lung, stomach, intestines, liver, spleen, kidneys, bladder, and 
mesenteric and pancreaticoduodenal lymph nodes were collected and fixed in 10% neutral-buffered formalin for a histopathological 
examination.

Formalin-fixed, paraffin-embedded (FFPE) tissues were sectioned at a thickness of 4 µm and stained with hematoxylin and eosin 
(HE). Serial sections were subjected to Gram staining and immunohistochemistry. Immunohistochemistry using primary antibodies 
for von Willebrand factor (vWF) (polyclonal rabbit anti-human vWF; Dako, Tokyo, Japan) and CD31 (polyclonal rabbit anti-
human CD31; Novus Biological, Centennial, CO, USA) was performed to identify the vascular endothelium. After heat-induced 
epitope retrieval with citrate buffer (pH 6.0), sections were incubated with the primary antibodies and then with the Envision 
polymer (Dako). Sections were visualized with diaminobenzidine tetrahydrochloride and counter-stained with hematoxylin. Oil 
Red O staining was performed to detect lipid bodies. Formalin-fixed tissue was processed with graded sucrose and placed into 
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a Tissue-Tek container, which was then filled with Tissue-Tek OCT compound gel (Sakura Finetek, Tokyo, Japan) and frozen in 
liquid nitrogen. Frozen samples were sectioned at a thickness of 10 µm and stained with Oil Red O.

To detect Clostridium difficile, C. perfringens and their toxin genes, PCR analyses using specific primer pairs were performed 
(Supplementary Table 1) [14, 15]. Genomic DNA was extracted from FFPE tissue samples of stomach, small intestine, and large 
intestine using the QIAamp DNA FFPE Tissue Kit (QIAGEN, Venlo, The Netherlands). PCR was performed using KOD One PCR 
Master Mix (TOYOBO, Osaka, Japan) by preparing the following reaction mixture: 12.5 µl KOD One PCR Master Mix, 0.75 µl 
forward primer (10 µM), 0.75 µl reverse primer (10 µM). Template DNA was added between 80 and 100 ng per PCR reaction 
followed by distilled water to a total volume of 25 µl. Distilled water instead of template DNA was applied for negative controls. 
The PCR cycle was performed using a 3-step cycling condition according to the manufacturer’s instructions as follows: pre-
denaturation at 95°C for 3 min followed by 45 cycles of denaturation at 98°C for 10 sec, annealing at temperature corresponding to 
each primer pair for 5 sec, and extension at 68°C for 5 sec. PCR-amplified products were electrophoresed on 1.5% agarose gels and 
bands were visualized by UV exposure.

Microscopically, multiple irregular vacuoles (20–100 μm in diameter), which were negative for Oil Red O staining, were 
observed in the mucosa of the stomach (Fig. 3). These vacuoles were occasionally lined by a flat endothelium that was 
immunopositive for vWF (Fig. 4) and CD31. Multifocal infiltration of lymphocytes were also scattered in the mucosa, and some 
of which were accompanied by focal ulcers (Fig. 5). These ulcers were necrotic and poor in granulation tissue, and considered 
as acute lesions. Gram-positive bacilli were observed on the surface of the ulcers (Fig. 5, Inset). Vessels in the submucosa were 
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Fig. 1.	 Abdominal radiograph showing branching linear gas 
permeability in the liver (arrowheads) and multifocal stippled 
gas bubbles in the spleen (arrows).

Fig. 2.	 CT image showing multifocal stippled gas bubbles within 
the spleen (arrowheads).

Fig. 3.	 Stomach. Multiple vacuoles in the mucosa. Hematoxylin 
and eosin. Bar, 200 μm.

Fig. 4.	 Stomach. Some vacuoles are lined by vWF-positive 
endothelial cells. Immunohistochemistry. Bar, 50 μm.
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irregularly dilated, (Fig. 6) and some of them lacked red blood cells and their endothelial cells were negative for vWF, indicating 
that there were not only vascular dilation, but also lymphatic dilation. These findings indicated that vacuoles in the mucosa were 
gas and that some had flowed into the venous and lymphatic vessels.

In the liver, multiple vacuoles (50–700 μm in diameter) were observed from the portal area to the mid-zone of the hepatic 
lobules (Fig. 7). Vacuoles in the liver were also occasionally lined by an endothelium and immunohistochemistry revealed vascular 
dilation. These vacuoles were negative for Oil Red O staining. Severe hemorrhage and the mild infiltration of neutrophils and 
macrophages were noted around the vacuoles. In the spleen, multiple large vacuoles (1–3 mm in diameter) replaced the red pulp. 
These vacuoles lacked an endothelial lining and were negative for Oil Red O staining. The white pulp was diffusely atrophied. 
The mild infiltration of neutrophils and macrophages and scattered megakaryocytes were observed in the red pulp. Histologically, 
bacteria were not observed in the liver and spleen by HE and Gram staining. Based on histological findings, pathological diagnoses 
were chronic gastritis with acute ulceration and gas embolism in the stomach, liver, and spleen.

In the small and large intestines, multifocal hemorrhage was detected in the lamina propria with the moderate infiltration 
of lymphocytes and plasmacytes. Gram-negative bacteria were observed on the mucosal surface of the large intestine. The 
histopathological diagnosis was hemorrhagic enteritis. Chronic bronchitis, marginal emphysema, chronic pancreatitis, unilateral 
kidney fibrosis, and hemorrhagic lymphadenitis were noted in other organs.

In the PCR analyses, 16S rRNA gene of C. perfringens was detected in stomach, small intestine, and large intestine (Fig. 8A), 
and cpa gene (i.e., alpha-toxin gene of C. perfringens) in the small and large intestines (Fig. 8B). Cpb and etx genes (i.e., beta- and 
epsilon-toxin genes of C. perfringens, respectively) were not detected in any tissues examined. 16S rRNA gene of C. difficile was 
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Fig. 5.	 Stomach. A focal ulcer with inflammatory cell infiltration 
and hemorrhage around vacuoles. Inset: Gram stain. Gram-
positive bacilli were observed on the surface of the ulcer. 
Hematoxylin and eosin. Bar, 200 μm.

Fig. 6.	 Stomach. Dilated venous (arrowheads) and lymphatic 
vessels (arrows) surrounded by enriched adipose tissues in the 
submucosa. Hematoxylin and eosin. Bar, 200 μm.

Fig. 7.	 Liver. Gas vacuoles are present in the portal area. Hema-
toxylin and eosin. Bar, 400 μm.
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also detected in the stomach, small intestine, and large intestine (Fig. 8C), whereas its toxin genes were not detected.
Although the pathogenesis of HPVG remains unclear, the following three factors are presumed to be involved in human 

medicine: mucosal injury in the intestines, increased gas pressure, and sepsis caused by gas-producing bacteria [7]. In the present 
case, a CT examination revealed excessive gas accumulation within the intestinal lumen, indicating an increase in intestinal gas 
pressure. Histological examinations showed numerous gas vacuoles in the gastric mucosa, and some vacuoles were detected within 
the blood vessels, indicating that the gastric mucosa was the entry point for gas into the portal venous system. The findings of the 
present case suggest the involvement of mucosal injury and intestinal pressure in the pathogenesis of HPVG.

In the previous feline case report of HPVG, C. difficile toxin was detected from small intestinal contents and considered as 
a cause of hemorrhagic enteritis and HPVG [13]. In the present case, 16S rRNA and alpha toxin genes of C. perfringens were 
detected in the FFPE tissue samples of small and large intestine, indicating that the cat was infected with C. perfringens type 
A [14]. C. perfringens type A is known as a pathogenic bacteria of gas gangrene or foodborne illness in human [2], but its role 
in feline enteric disease is still unclear because it was detected in both diarrheic and non-diarrheic cats [10]. Nevertheless, C. 
perfringens type A is one of the possible causes of intestinal gas accumulation and hemorrhagic enteritis in this case. The cause of 
gastric ulcer is still unclear because toxin genes of C. perfringens and C. difficile was not detected in the stomach possibly due to 
the small number or absence of pathogenic bacteria in the lesion. However, gastric ulcers occurs under various conditions [12].

HPVG was previously reported in cats and dogs with infection, sepsis, gastrointestinal disease, iatrogenic trauma, trauma, and 
liver neoplasia [9]. A feline HPVG case with gastric pneumatosis was previously reported [11]; however, the pathological findings 
of the gastric mucosa associated with HPVG were not described. In the present case, histological findings suggested that the 
gastric ulcer was the entry point for HPVG. Although hemorrhagic enteritis may be involved in HPVG [11], gas embolism was 
not observed in the small or large intestines of the present case. Hemorrhagic enteritis and hemorrhage in the lymph nodes may be 
lesions suggesting sepsis, and, thus, it was not possible to rule out sepsis as the cause of HPVG in the present case.

In human HPVG cases, HPVG may pass into a systemic vein through the liver [6] or a portosystemic shunt [8]. Gas in a 
systemic vein may cause pulmonary, arterial, or systemic gas embolism [5]. In the present case, gas embolism was noted in the 
stomach, liver, and spleen. These three organs are connected by the portal venous system: the splenic vein and left gastric vein 
join the gastrosplenic vein, and the gastrosplenic vein and right gastric vein join the hepatic portal vein [4]. Therefore, HPVG may 
have flowed back into the spleen via the splenic vein. If gas in the spleen entered via the splenic artery, there may also have been 
pulmonary or systemic gas embolism; however, this was not detected in the present case. In the stomach of the present case, gas 
embolism was observed not only in venous vessels, but also in lymphatic vessels. Although lymphatic vessels are also one of the 
pathways for gas to enter the systemic circulation because the thoracic duct joins the cranial vena cava, gas in the thoracic duct was 
not detected on CT.
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Fig. 8.	 Gel electrophoresis of PCR amplicons for Clostridium perfringens 16S rRNA and cpa 
genes, and C. difficile 16S rRNA gene. (A) PCR-positive bands for C. perfringens 16S rRNA 
gene in stomach, small intestine and large intestine. (B) PCR-positive bands for C. perfringens 
cpa gene in small and large intestines, but not in stomach. (C) PCR-positive bands for C. difficile 
16S rRNA gene in stomach, small intestine, and large intestine. Abbreviations: bp, base pairs; M, 
50 bp ladder; N, negative control; 1, stomach; 2, small intestine; 3, large intestine.
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To date, there have only been a few case reports of HPVG in cats. This is the first case report to discuss the pathogenesis of 
HPVG in a cat based on pathological findings. The findings obtained show that mucosal injury, such as a gastric ulcer, may be an 
entry point for gas into the portal venous system.
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