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Abstract

Hepatic portal venous gas (HPVG) is the existence of air in the hepatic portal venous system. It
was considered very rare in the past literatures before the introduction of computed tomographic (CT)
scan. With special image feature in the abdominal CT scan, HPVG has been well known to be associ-
ated with high mortality even while urgent surgical intervention is performed for acute mesenteric in-
farction. In this paper, we present a 55 year-old woman who was admitted due to dialytic fluid related
peritonitis with the manifestations of severe abdominal distension, severe diarrhea, fever, and septic
shock. HPVG formation was detected in the CT scan of abdomen, as well as pneumatosis intestinalis
(PI) and severe aorta astherosclerosis, implying small bowel necrosis, which was possibly originated
from acute mesenteric infarction. Operation was not performed due to severely deteriorated condition.
The patient rapidly died despite of antibiotic combination therapy and intensive hemodynamic support.
Early recognition of the HPVG and PI combination signs is crucial for prompt diagnosis and manage-
ment for acute mesenteric infarction. ( J Intern Med Taiwan 2007; 18: 146-151 )
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Introduction
Hepatic portal venous gas (HPVG) is an im-

pressive image finding that air exists within hepatic

portal venous but not in the biliary system 1. With the

wide use of computed tomographic (CT) scan and ul-

trasonography (US) in the patient with acute ab-

domen, early detection of HPVG is possible and more

and more HPVG with various causes are recognized.

This image finding highly associates with pneu-

matosis intestinalis (PI), which may result from se-

veral conditions such as acute mesenteric ischemia, in-

tra-abdominal infection, blunt abdominal trauma, and

intestinal obstruction2. Although patients with HPVG

were considered to have high mortality rate, some

cases with benign courses were reported in recent

years. Most survivors did not have transmural in-

farction or necrosis of the intestine in the image 3.

Therefore, HPVG formation coexistent with PI in the

abdominal CT scan could be used as prognostic in-

dicator for patients with acute abdomen. 

Case Report
A 55-year-old woman was hospitalized due to

shortness of breath and fever. Her medical history in-

cluded hypertension without regular medication con-

trol for ten years; and end stage renal disease with

continuous ambulatory peritoneal dialysis (CAPD)

for 3 years. Two month earlier before this admission,

sudden onset of cardiac arrest due to acute myocar-

dial infarction of inferior wall was noted. She re-

mained vegetative state because of hypoxic en-

cephalopathy post cardiopulmonary resuscitation

since then. After a tracheostomy was created, she was

transferred to a local respiratory care ward (RCW).

The patient had only one abdominal surgery for the

implantation of CAPD tube three years ago. She did

not use alcohol, and was reported no known allergies

by her family.

For recent ten days, the patient had been noticed

to be febrile off and on which was accompanied with

severe watery diarrhea in the RCW. Empirical an-

tibiotic was prescribed without improvement.

Shortness of breath deteriorated, so she was brought

to the emergency department of this hospital. 

On examination, the patient appeared persistent

vegetative state. Her temperature was 36.3 . Her

pulse was regular at 128 beats per minute, blood pres-

sure, 123/76 mmHg; and respiratory rate, 26 breaths

per minute. Her neck was supple with a tracheosto-

my and there was no palpable cervical lym-

phadenopathy. Her chest was clear to auscultation and

there was no heart murmur. Her abdomen was dis-

tended. Other tests showed no remarkable abnormal-

ities. 

Laboratory data were as follows. The electro-

cardiograph revealed a sinus tachycardia. Chest ra-

diography showed elevated diaphragm, probably due

to obesity stature, and increased lung markings with-

out clinical significance. Her white cell count was

11,900 cells/ L and C-reactive protein was 30.20

mg/dL. Biochemical laboratory tests included a

serum sodium level of 131.1 mmol/L; potassium, of

3.17 mmol/L; and glucose, 195 mg/dL. Specimens of

urine, blood, and sputum were obtained for culture.

Empirical antimicrobial therapy with 1200 mg of

amoxicillin/clavulanate was administered intra-

venously every 8 hours.

On the second hospital day, the patient remained

febrile, unstable blood pressure, and persistent short-

ness of breath. Coffee ground substance drained from

nasogastric tube was noted. Continuous intravenous

infusion of dopamine was needed to maintain ade-

quate mean blood pressure despite normal saline re-

suscitation about two liters. She was transferred to

medical intensive care unit with an impression of sep-

tic shock and assisted with mechanical ventilation via

tracheostomy. The patient was placed a central ve-

nous catheter via right jugular vein. After transfer to

medical intensive care unit, she was changed CAPD

fluid and found pus-like appearance CAPD fluid in

the next several times. Her CAPD fluid analysis re-
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vealed a white cell count of 161,865 cells/ L with

neutrophil 91%. Because of the above findings, she

was suggested abdominal CT scan for possible in-

traabdominal lesions workup. CT scan of the ab-

domen without contrast media revealed severe ab-

dominal aorta astherosclerosis, intrahepatic portal ve-

nous gas accumulation (Fig. 1), dilated small bowel

with air-fluid level, gases in the small bowel wall

(Fig. 2), implying transmural infarction of the small

bowel (Fig. 3).

Diagnosis of small bowel necrosis was made.

Surgical intervention was withheld due to poor ge-

neralized condition. She was treated with intravenous

ceftriaxone 1000 mg every 12 hour and intravenous

metronidazole 1000 mg every 12 hour and supple-

mented with hydrocortisone 300mg daily divided in-

to three doses. By the third hospital day, antibiotics

were switched to ceftazidime and vancomycin be-

cause of possible nosocomial infection. Over the

course of the next four days, the patient remained re-

fractory shock status and metabolic acidosis. The pa-

tient died after several episodes of life-threatening

bradycardia occurring on the fifth hospital day. 

Discussion
Hepatic portal venous gas (HPVG) is an image

finding due to the presence of gas in the portal vein

system, as branching radiolucency extending to the

periphery of the liver. It was first described in six in-

fants with necrotizing enteritis to have this image fea-

tures by Wolfe and Evans in 1955 and was consi-

dered as pediatric disease 1. In 1960, Susman and

Senturia reported the first adult case associated with

small bowel infarction 2. Surgical implications and

clinical significance in adult patients were analysed

in a retrospective study with 64 cases by Liebman et

al. in 1978 3. The major cause was bowel necrosis

(72%), followed by intraabdominal abscess (6%),

gastric ulcers bleeding (3%), bowel obstruction (3%),

Fig.1.Hepatic portal venous gas (white arrow) in the
branching pattern within the portal vein and se-
vere abdominal aorta astherosclerosis (white ar-
rowhead) shown in an abdominal computed to-
mographic scan

Fig.2.Circumferential mixed bubble-like pneumatosis
intestinalis (white arrow) and dilated small bowel
with air-fluid level (white arrowhead)

Fig.3.Transmural small bowel infarction (white arrow-
head): circumferential band-like small bowel wall
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and barium enemas in patients with stable ulcerative

colitis (8%). Because of its high mortality up to 75%,

Liebman et al. suggested urgent abdominal explo-

ration in all patients of HPVG but not in ulcerative

colitis which had a benign course 3.

Before the introduction of ultrasonography (US)

and abdominal computed tomography (CT), HPVG

was detected in large gas amount at late stage by plain

abdomen. The radiographic criteria for HPVG was a

branching radiolucency extending to within 2 cm of

the liver capsule. Plain films were most revealing of

HPVG when taken in the left lateral decubitus posi-

tion of the patient 3. In the radiography, difficult dif-

ferential diagnosis included necrotic metastasis le-

sion, air embolism in biliary tree, and gas-forming in-

trahepatic abscess.

With the development of other image study

modalities, resolution was better by US than abdo-

minal radiography. US detected early and small amount

of HPVG before any radiographic abnormalities and

was considered of great value in the early evaluation
4. Gosink used diagnostic US to examine twelve pa-

tients with intrahepatic gas and a useful differential

diagnosis was obtained 5. Because of the simplicity,

higher sensitivity and specificity in the abdomen, US

was once suggested in emergency department for

screening of the ominous prognostic image sign in

bowel necrosis from mesenteric arterial occlusion 6.

However, diagnosis of parenchymal abnormalities

would be missed due to the prominent shadowing of

intrahepatic gas in abdominal US causing disruption

of the normal hepatic parenchymal pattern 5. 

The CT scan of the abdomen is suggested as

good as abdominal US for HPVG detection 7 and con-

sidered extremely helpful now in localizing extralu-

minal gas to the liver and differentiating between air

in the biliary tree and hepatic portal venous gas8. After

the introduction of abdominal CT scan, precise dif-

ferential diagnosis from biliary tree air embolism, in-

trahepatic abscess, metastatic lesion, and parenchy-

mal liver diseases are possible without the drawback

of abdominal US, as well as detection of extrahepa-

tic lesions 5, 7-9. 

HPVG and pneumatosis intestinalis (PI) are ge-

nerally considered as separate entities separately in the

radiologic findings. Many causes are associated with

PI, such as infectious and inflammatory abdominal

diseases, interventional procedures, trauma, and

transplantation. The prognosis resulted from the

above diseases is benign and conservative therapy is

commonly required. However, the most common

cause resulting to PI is acute mesenteric ischemia,

and it is most frequently observed as extrahepatic air

accumulation with HPVG, accounting of 50-75% of

cases 10. Significant association between HPVG and

PI was established in the era of abdominal CT scan. 

Many cases were detected either by the US or

CT scan of the abdomen after mid-1980s. More pa-

tients receiving prompt surgical intervention after

earlier diagnosis of HPVG survived 11. The absolute

indication for exploratory laparotomy is questioned

because some benign courses or non-occlusive arte-

rial ischemia are noted 12. Although mortality is still

high, some survivors without surgical treatment were

reported in the literatures, depending on the causes of

the event and the degree and extent of ischemic

damage of the bowel wall 9,11-16. 

The pathogenesis of HPVG is not yet well un-

derstood. Liebman et al proposed that possible fac-

tors predisposing to HPVG are mucosal damage,

bowel distention, and sepsis by their clinical obser-

vation. Many patients show two of these findings

(50%) and some show three (35%) in their study 3.

Although HPVG is rare in the living people, it is com-

monly found in postmortem CT scan performed im-

mediately in patients with non-traumatic death after

cardiopulmonary resuscitation, which is considered

compatible with mucosal damage and bowel disten-

tion 17,18.

In those surviving patients with benign course,

air existing in the mesenteric circulation is readily ab-

sorbed within one day 19. This is possibly because of
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non-transmural bowel infarction and recovery of the

bowel from ischemic event. Walter and Bharti sug-

gested a three-stage theory combined with the find-

ings of abdominal CT scan 20. Stage-I and -II diseases

represent partial mural ischemia of the bowel. Stage

I is called reversible ischemic enterocolitis. Mucosal

necrosis, erosions and ulcerations, with/without he-

morrhage are characteristic in this stage. Fibrotic stric-

tures stemming from local reparative changes were

found in stage II with the development of the deep

submucosal and muscular layers necrosis as the in-

farction area more deeply into the bowel wall.

Distinct from stages I and II, stage-III disease is de-

fined as transmural necrosis of the bowel wall. It re-

quires immediate surgical intervention but still has a

high mortality rate 20. Therefore, the HPVG appea-

rance in the CT scan of the abdomen should not be

recognized as a sole prognostic sign but warrant fur-

ther workup of possible acute mesenteric infarction

and its severity. 

Our patient presented typical signs in porto-

mesenteric gas formation. The CT scans of the ab-

domen showed branching hypoattenuating HPVG ex-

tending into the periphery of both liver lobes. Dilated

small bowel with air-fluid level in the lumen, mas-

sive circumferential, mixed bubble-like and band-

like pneumatosis in multiple necrotic loops, consist-

ed with diffuse transmural infarction of the small

bowel. The patient did not received any operation be-

cause refractory shock and severe metabolic acido-

sis. The rapid fatality of the clinical course highlights

the importance of early detection for the signs of

hepatic portal venous gas and pneumatosis intestinalis.
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