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Abstract
BACKGROUND 
Portal venous gas (PVG) is a rare clinical condition usually indicative of severe 
disorders, including necrotizing enterocolitis, bowel ischemia, or bowel wall 
rupture/infarction. Pneumatosis intestinalis (PI) is a rare illness characterized by 
an infiltration of gas into the intestinal wall. Emphysematous cystitis (EC) is 
relatively rare and characterized by intramural and/or intraluminal bladder gas 
best depicted by cross-sectional imaging. Our study reports a rare case coexistence 
of PVG presenting with PI and EC.

CASE SUMMARY 
An 86-year-old woman was admitted to the emergency room due to the 
progressive aggravation of pain because of abdominal fullness and distention, 
complicated with vomiting and stopping defecation for 4 d. The abdominal 
computed tomography (CT) plain scan indicated intestinal obstruction with 
ischemia changes, gas in the portal vein, left renal artery, superior mesenteric 
artery, superior mesenteric vein, some branch vessels, and bladder pneumatosis 
with air-fluid levels. Emergency surgery was conducted on the patient. Ischemic 
necrosis was found in the small intestine approximately 110 cm below the Treitz 
ligament and in the ileocecal junction and ascending colon canals. This included 
excision of the necrotic small intestine and right colon, fistulation of the proximal 
small intestine, and distal closure of the transverse colon. Subsequently, the 
patient displayed postoperative short bowel syndrome but had a good recovery. 
She received intravenous fluid infusion and enteral nutrition maintenance every 
other day after discharge from the community hospital.

CONCLUSION 
Emergency surgery should be performed when CT shows signs of PVG with PI 
and EC along with a clinical situation strongly suggestive of bowel ischemia.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i25.8945
mailto:iammrhu@163.com
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Core Tip: Portal venous gas (PVG) caused by intestinal necrosis is a severe condition requiring surgery. 
PVG with superior mesenteric vessel gas, pneumatosis intestinalis (PI), and emphysematous cystitis (EC) 
reflect different stages of the same pathophysiological disorder. The specificity of PVG, PI, and 
mesenteric vein gas to computed tomography diagnosis of acute intestinal ischemia is nearly 100%. The 
coexistence of PVG, PI, and mesenteric venous gas can be an important diagnostic marker for acute 
ischemic bowel disease. When intestinal ischemia or necrosis is suspected, active surgical exploration 
should be the first line of treatment. It is rare for PVG to be complicated with superior mesenteric vessels 
gas, PI, and EC.

Citation: Hu SF, Liu HB, Hao YY. Portal vein gas combined with pneumatosis intestinalis and emphysematous 
cystitis: A case report and literature review. World J Clin Cases 2022; 10(25): 8945-8953
URL: https://www.wjgnet.com/2307-8960/full/v10/i25/8945.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i25.8945

INTRODUCTION
Portal venous gas (PVG) is a rare gas accumulation in the portal vein system (from the superior 
mesenteric vein and its branches to the liver). Clinically, PVG is considered to be one of the non-specific 
signs in major abdominal diseases rather than a specific disease entity. There is an increasing number 
cases of PVG with wide application of computed tomography (CT). However, it is unusual for PVG to 
be complicated with superior mesenteric vessel gas, pneumatosis intestinalis (PI), and emphysematous 
cystitis (EC). Here, we describe the diagnosis and treatment of this case.

CASE PRESENTATION
Chief complaints
Due to abdominal pain and distension, an elderly woman went to the emergency room of a hospital.

History of present illness
Due to abdominal fullness and distention, she suffered from the progressive aggravation of pain, 
complicated with vomiting and stopping defecation for 4 d.

History of past illness
Medical history includes coronary heart disease, atrial flutter, hypertension, type 2 diabetes, and chronic 
renal insufficiency.

Physical examination
The body temperature was recorded as 36.7 °C, heart rate 108/min, respiratory rate 22/min, and blood 
pressure 110/68 mmHg. The clinical examination showed symptoms such as indifference, a slow 
response, painful appearance, abdominal fullness and distension, scattered tenderness and mild 
rebound tenderness, no obvious muscle tension, with drum sound and borborygmus disappearing 
when performing percussion.

Laboratory examinations
The laboratory examination showed normal white blood cells, with hemoglobin 80 g/L, red blood cell 
(RBC) count 2.95 × 109/L, platelet count 123 × 109/L, neutrophil proportion 82.8%, C-reactive protein 
(CRP) > 320 mg/L, prothrombin time 17 s, activated partial thromboplastin time 48.6 s, fibrinogen 7.44 
g/L, D-dimer 5920 µg/mL, procalcitonin 19.75 ng/mL, albumin 28.6 g/L, serum creatinine 186.3 
µmol/L, brain natriuretic peptide 347.26 pg/mL, CK-MB 698.1 ng/mL, and cardiac troponin I 0.1 
ng/mL and her electrocardiogram showed atrial flutter.

https://www.wjgnet.com/2307-8960/full/v10/i25/8945.htm
https://dx.doi.org/10.12998/wjcc.v10.i25.8945
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Imaging examinations
According to abdominal ultrasound examination, intrahepatic blood vessels were extensively 
pneumatized, and the gallbladder wall was not smooth and had calculi. Cardiac ultrasound 
examination showed an enlarged left atrium and thickened aortic ventricle with pericardial effusion (7 
mm). As per the chest CT examination, pericardial effusion and lung texture were increased, with a little 
shadow in the lower lobe of the left lung, which may be caused by inflammation. Abdominal CT plain 
scan showed abdominal free-air, ascites, dilated small intestine lumen with gas, and effusion scattered 
signs at the air-fluid level. There were multiple gas density shadows between the intestinal walls, which 
was consistent with intestinal obstruction and intestinal ischemia changes (Figure 1A). Multiple 
dendritic gas density shadows were visible in the liver and liquid density shadows around the liver 
(Figure 1B). Gas occurs in the portal vein, left renal artery, superior mesenteric artery, superior 
mesenteric vein, and some branch vessels (Figure 1C). Figure 1D shows bladder pneumatosis 
complicated with air-fluid levels. Figure 1E shows histopathological examination of surgical specimens 
confirmed the changes caused by mesenteric ischemia.

Upon microscopic examination, the patient did have coagulation necrosis of some small intestinal 
colon mucosa, erosion with ulceration, muscle degeneration like a honeycomb, hematoma formation in 
the submucosa, and thrombosis in the blood vessels, all of which may be caused by ischemic bowel 
disease. Congestion occurred in the vessel inside the omentum, with thrombosis in hemorrhage 
(Figure 2).

FINAL DIAGNOSIS
The final diagnosis was intestinal obstruction, intestinal necrosis, portal vein gas, superior mesenteric 
vessel gas, pneumatosis intestinalis, emphysematous cystitis, and acute mesenteric ischemia.

TREATMENT
During an emergency laparotomy, 500 mL purulent ascites was found in the abdominal cavity. The 
section from the small intestine about 110 cm below the Treitz ligament to the remaining whole small 
intestine and ileocecal junction, as well as the intestinal canal of ascending colon, was dilated. The 
intestinal wall was gray and stiff, displaying "spot"-like ischemic necrosis, obvious edema, and no 
peristalsis. Snow-holding sensation and thrombosis within mesenteric vessels can be felt when the 
diseased intestinal canal is squeezed. Therefore, these surgical procedures were performed, including 
necrotic small intestine and right colon excision, proximal small intestine fistulation, and distal 
transverse colon closure.

OUTCOME AND FOLLOW-UP
Following anti-infection, supportive transfusions of RBCs and platelets, crystalloid rehydration, and 
nutritional support were administered; the patient’s postoperative recovery was uneventful. In a step-
like manner, infection indicators decreased to nearly normal levels. There were no noteworthy 
abnormalities in abdominal signs. On the eighth postoperative day, an abdominal CT plain scan 
presented gas in the portal vein, left renal artery, superior mesenteric artery, superior mesenteric vein, 
intestinal wall, and bladder was entirely absorbed (Figure 3A-C). The diet has returned to normal. Urine 
was normal, the water-like stool was smoothly drained from the stoma, and the amount was slightly 
large. We performed the support treatment of enteral nutrition with intravenous water and electrolyte 
supplement of 1000 to 1500 mL/d in the presence of oliguria and aggravation of renal insufficiency 
caused by short bowel syndrome. The patient was discharged on the 37th postoperative day. 
Subsequently, she received intravenous fluid infusion and enteral nutrition maintenance every other 
day in the community hospital.

DISCUSSION
PVG is a relatively rare imaging manifestation in the clinic that refers to abnormal accumulation of gas 
in the portal vein and its branches for various reasons. The portal vein trunk is formed by the superior 
mesenteric vein and the splenic vein, which after entering the liver, divides into left and right branches 
of the portal vein. As per the report by Wolfe and Evens, gas can accumulate in the intrahepatic portal 
vein branches and/or extrahepatic portal vein trunk and mesenteric vein in abdominal X-rays of 
newborns with necrotizing enterocolitis[1]. With the advancement of imaging technology, people 
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Figure 1 Computed tomography. A: Pneumatosis intestinalis; B: Portal vein gas; C: Superior mesenteric artery and vein gas; D: Emphysematous cystitis; E: 
Necrotic intestinal canal and mesangial specimen resected.
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Figure 2 Histopathological findings: Muscular layer degenerating like honeycomb (blue curve area), thrombosis in blood vessels in the 
submucosa (red circle area) (HE, magnification × 4).

Figure 3 Computed tomography. A: Portal vein gas disappeared after 7 d; B: Pneumatosis intestinalis disappeared after 7 d; C: Emphysematous cystitis after 7 
d.

progressively realize that PVG is not a disease and cannot be used as a predictor of death alone; 
however, it may be severe and complicated iatrogenic or non-iatrogenic manifestations of abdominal 
infection, abdominal trauma, mesenteric ischemia, diverticulitis, gastrointestinal diseases, and gastric 
ulcer, or the difficulties of duodenal perforation, diving, accidental intake of hydrogen peroxide with 
high concentration, and endoscopic surgery[2-5].

Three main pathophysiological mechanisms cause PVG: (1) Gastrointestinal mucosal injury that 
makes gas in the gastrointestinal cavity enter the mesenteric portal vein system through the injured site 
or mucosa with increased permeability, such as intestinal ischemia, endoscopic examination, and 
operation; (2) the gastrointestinal lumen is dilated, the pressure in the intestinal lumen increases, and 
edema or even ischemic necrosis may occur in some intestinal canals, which makes the lumen gas enter 
the portal vein system, such as trauma or intestinal obstruction; and (3) bacterial theory indicates that on 
the one hand, gas-producing bacteria invade submucosa to produce gas, which is absorbed by the 
submucosal blood vessels, and on the other hand, bacteria directly invade blood to form septicemia or 
phlebitis to produce gas, etc[6].

PI is also a rare pathology, with a global incidence of 0.03%and a threefold increase in males[7-10]. It 
is also a common radiological sign, with over 60 different causes[11]. PI can be primary or secondary to 
other diseases, with the latter accounting for 85%of cases. These other diseases include abdominal 
trauma, intestinal obstruction, inflammatory bowel disease, malignant tumor, chemoradiotherapy, 
chronic lung diseases, and connective tissue diseases[12-14]. However, the mechanism by which gas 
enters the intestinal wall is unknown. To explain this mechanism, several hypotheses have been 
proposed, such as the pulmonary, mechanical, and bacterial hypotheses[15]. According to pulmonary 
theory, chronic lung diseases such as chronic obstructive pulmonary disease and asthma can rupture 
alveoli, causing mediastinal emphysema and trapping gas in the intestinal wall via the aorta and 
mesenteric vessels. The mechanical theory of cyst formation refers to increased intraluminal pressure 
caused by intestinal obstruction or other diseases that can cause mucosal damage and cyst formation. 
The bacterial theory refers to intestinal bacteria that produce gas and trap it in the submucosa[16], as 
opposed to aerogenic bacteria that directly penetrate the intestinal mucosa and produce gas[17]. PI is 
sometimes an incidental finding, but it can foreshadow a life-threatening intraabdominal condition in 
some clinical settings, particularly in the presence of peritonitis, metabolic acidosis, and portal venous 



Hu SF et al. PVG combined with PI and EC

WJCC https://www.wjgnet.com 8950 September 6, 2022 Volume 10 Issue 25

gas[18]. The treatment chosen is determined by the complications and underlying causes of PI. For 
individuals with visible manifestations of PI, conservative treatments such as oxygen therapy, 
antibiotics, and parenteral nutrition are recommended[19]. We did not perform a colonoscopy because 
the patient had symptoms of peritonitis and apathy, and CT indicated that the diseased bowel was 
concentrated in the small intestine. However, surgical treatment is recommended if the patient has 
surgical complications such as intestinal obstruction, intestinal perforation, bleeding, intestinal ischemia, 
and necrosis, or the presence of gas in the portal vein[20-22].

It is particularly rare that PVG and mesenteric vein and intestinal pneumatosis occur, with the 
occurrence rates of 3%-14% and 6%-28%, respectively, which is a characteristic manifestation of acute 
intestinal ischemia[23]. In cases of intestinal ischemia, there are two processes for the production of PI. 
One is ischemic necrosis of the intestinal wall mucosa, and the other is mechanical damage of the 
intestinal wall mucosa that can cause gas in the intestinal lumen to enter the intestinal wall or (and) 
bacteria to invade the intestinal wall to create gas for repeated infection. PVG and PI reportedly 
represent different stages of the same pathophysiological condition[24]. PVG is generated using the 
same method as PI, and gas in the intestinal wall further enters the portal vein system without a venous 
valve through the intestinal wall venules and lymphatic vessels[25]. The gas shadow can spread all over 
the left and right branches and trunk of the portal vein and even invade the superior mesenteric vein in 
individuals with severe disease[26]. The incidence of PVG related to PI is generally caused by intestinal 
ischemia. PVG related to PI is a severe disease and is related to poor prognosis[27,28]. Among them, 
intestinal necrosis is the most common cause of mortality in adult PVG patients (43%-75%). PVG, 
complicated with intestinal ischemia or necrosis, indicates a poor prognosis. Furthermore, the severity 
of PVG is also associated with basic diseases, and life risks may occur in patients with serious diseases
[29]. As a result, Matsuoka et al[30] noted that intestinal necrosis had occurred in many cases in 
diagnosis, and the infarcted intestinal segment needed to be removed. Recently, Koizumi et al[31] 
through statistical analysis of Japan's hospitalization database, found that 53% of PVG patients have 
potential intestinal ischemic diseases, while the hospitalization mortality rate is 27.3%, 32% of patients 
have received surgical treatment, and the mortality rate has significantly decreased, similar to the 
results of García-Moreno et al[32]. Hence, intestinal ischemia or necrosis is still an important cause of 
PVG.

EC is defined by the accumulation of air inside the bladder wall and/or lumen. It is one of the 
uncommon varieties of urinary tract infections due to gas-producing bacteria. With a mortality rate of 
7.4%, EC is a rare but critical condition[33]. It is commonly seen in elderly, diabetic females with an 
infective organism[33] and in immunocompromised people[34-36]. Very little information regarding 
emphysematous cystitis has been reported. Pathogens associated with this condition include gas-
forming bacteria such as Escherichia coli, Klebsiella pneumoniae, and Enterococci[37,38].

In this scenario, the patient is elderly, and there are many risk factors of mesenteric ischemia in the 
past medical history, such as coronary heart disease, atrial flutter, atherosclerosis, diabetes, and chronic 
kidney diseases. The onset process is marked by an acute attack, with severe symptoms and non-
obvious indicators in the early stages, followed by increasing aggravation in the later stages. There was 
no positive indication in the initial examination, making it difficult to accurately confirm the diagnosis. 
However, as the disease progressed, the patient developed symptoms of peritonitis and apathy, a 
potentially fatal infectious presentation in the elderly. Her condition did not improve when a high flow 
of oxygen was administered early in her hospitalization. The examination results showed neutrophil 
proportion 82.8%, CRP > 320 mg/L, and PCT 19.75 ng/mL, which showed that there was a bacterial 
infection in the patient. D-dimer: 5920 µg/mL; which is more than ten times higher than the normal 
value, representing the risk of thrombosis; CT image indicated that abdominal free-air, ascites, PVG, 
superior mesenteric arteriovenous (SMA) gas, PI and EC coexist. These results are strongly suggestive of 
mesenteric ischemia. Previous research has shown that PVG, PI, and CT have a 100% sensitivity to 
detect acute intestinal ischemia[23]. However, intramural gas and portal venous gas are frequently 
discovered. Gas in the SMA is extremely rare, but it is critical for detecting severe mesenteric ischemia
[39,40]. Only 2 cases were found in the literature; 1 patient had diffuse intestinal necrosis with SMA 
occlusion, and the other patient had acute aortic dissection with intestinal necrosis. Non-surgical 
patients with ascites (by CT), peritoneal irritation (by physical examination), and shock (by checking 
vital signs) are thought to be in life-threatening conditions[41]. It appears to be appropriate as a 
convenient laparotomy decision criteria. Based on the above results, it shall not preclude the combined 
action of the strangulated intestinal obstruction caused by mesenteric artery (for the abdominal small 
intestinal blood supply) embolism due to thrombus from coronary heart disease, atrial flutter, atrial 
fibrillation, atherosclerosis, and other cardiovascular diseases, the higher intestinal lumen pressure, 
intestinal mucosal layer edema or necrosis, and destroyed mucosal barrier, initiating intestinal lumen 
gas to penetrate into the intestinal wall venules and flow back to the portal vein through mesenteric 
vessels, in the meantime, intestinal and abdominal gas-producing bacterial infection disturbing 
intestinal mucosal venules, and the direct infection of intravenous gas-producing bacteria[42]. In 
patients, however, changes in superior mesenteric artery gas, left renal artery gas, and EC can be 
explained by gas infiltration into the intestinal lumen after intestinal canal ischemia and direct infection 
with aerogenic bacteria, which is yet to be definitively proven. This may be related to E. coli, which is 
the most common cause of EC[43].
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Through well-timed emergency surgical exploration, it was established that the range of the necrotic 
intestinal canal was consistent with the changes in the ischemic region after superior mesenteric artery 
embolization. The corresponding intestinal segment and mesentery were removed during the operation 
to save the patient's life. According to previous literature[18], that PVG generally indicates intestinal 
wall ischemia and necrosis, which is often the late sign of intestinal wall ischemic necrosis, but PVG has 
no sign effect on the severity of intestinal wall ischemic necrosis. Liebman et al[44] and Kinoshita et al
[45] reported that PVG is an evident indication of surgical exploration in the acute abdomen. PVG, 
however, is not an absolute indication for emergency surgery, as more studies have revealed its 
presence in the development of various diseases[2-5].

Although surgical removal of the damaged portion was previously thought to be the only effective 
therapy, advanced imaging modalities such as CT have shown that some patients can recover with non-
surgical, conservative treatments[44,46-49]. PVG was mostly not associated with intestinal necrosis in 
the patients who recovered, implying that not all PVG patients require surgery[49]. However, the 
patient had peritonitis and apathy, and PI, PVG, and mesenteric venous gas strongly indicate acute 
ischemic bowel disease. Cases of PI and PVG with benign etiology have been reported infrequently in 
the literature[28]. The presence of both almost always indicates mesenteric infarction and bowel necrosis
[50]. This has a poor prognosis, with mortality rates ranging from 39% to 80%[24,50], and in some series 
approaching 100%[50]. Imaging alone makes it difficult to distinguish between benign and life-
threatening causes[24]. Instead, the patient's clinical picture and laboratory findings should guide this 
decision. Thus, we believe that caring clinicians should base their decision to operate on the patient's 
clinical state, particularly any signs of peritonitis and other laboratory adjuncts. Most studies agree that 
exploratory laparotomy or laparoscopy is justified when in doubt and in patients who can tolerate 
surgery[24,50]. Diagnostic laparoscopy, which is less invasive, should be considered first if the clinical 
situation allows it. However, a complete abdominal laparotomy is still recommended if the patient is 
diagnosed with mesenteric infarction and intestinal necrosis via laparoscopy. Especially, active surgical 
exploration is the first-line treatment for intestinal necrosis when ischemia or necrosis is suspected[48]. 
The treatment given to this patient is consistent with Piton et al’s report[51]. To avoid the deterioration 
of disease for intestinal necrosis, these ischemic intestinal canals should be actively removed during the 
operation. However, in the absence of ischemia of the intestinal wall, conservative treatments, and close 
observation must be followed.

The clinical treatment of PVG must be provided as per the etiology. Gorospe[48] outlined the "ABC" 
grading treatment principle for clinical treatment of PVG: (1) If the onset of the disease is urgent and the 
clinical symptoms are severe, and CT displays signs of intestinal ischemia, and intestinal necrosis, the 
mortality rate of such patients can reach 75%, which should be dynamically treated, and emergency 
laparotomy should be carried out; (2) If the onset of the disease is relatively slow and the clinical 
symptoms are comparatively mild, the mortality rate of such patients is between 20% and 30%, which 
could be closely observed initially, and provided with surgical treatment if necessary; and (3) If there is 
only PVG without emergency or only PVG after the operation, conservative treatment such as fasting 
and gastrointestinal decompression can be provided.

CONCLUSION
We studied the diagnosis and treatment of this patient with PVG, secondary to changes of mesenteric 
ischemia, complicated with superior mesenteric vessels gas, PI, and EC. Therefore, once the PVG, 
complicated with PI and mesenteric vein gas, is found in CT examination, we must thoroughly 
investigate the causes of various factors and give priority to mesenteric ischemia and related diseases. 
Once emergency treatment is needed, we should actively find the etiology and carefully determine a 
treatment scheme.
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