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Background: Hepatic portal venous gas (HPVG) in
adults is a rare entity. The underlying pathologic condi-
tion is usually an intestinal ischemia, but it has been re-
ported in association with a variety of conditions.

Hypothesis:Miscomprehension of the underlying patho-
logic conditions has led to some confusion in the litera-
ture concerning its etiology, diagnostic methods, and clini-
cal consequences.

Setting: Centre Hospitalier et Universitaire Vaudois, Lau-
sanne, Switzerland, and District Hospital of Morges,
Morges, Switzerland.

Method: Between February 1, 1995, and May 30,
2000, eleven cases of HPVG were treated. These cases
were retrospectively reviewed, together with a review of
the literature to define the clinical significance of
HPVG, the role of the computed tomographic scan, and
the necessity of performing systematic emergency
exploratory surgery.

Results: Two groups have to be distinguished—those
who have HPVG with associated pneumatosis intestina-
lis and those who have HPVG without associated pneu-
matosis intestinalis. When associated with pneumatosis
intestinalis, the cause is usually an intestinal ischemia and
in a symptomatic patient it justifies systematic explor-
atory surgery. An abdominal computed tomographic scan
including lung window settings to better identify air in
the bowel wall will distinguish between these 2 groups.
Pneumatosis intestinalis and HPVG due to bowel is-
chemia do not allow prediction of the severity of bowel
wall damage.

Conclusions: The cause of HPVG without pneumato-
sis intestinalis is variable. Good knowledge of the pos-
sible causes combined with the clinical picture and the
abdominal computed tomographic scan is required to cor-
rectly identify the underlying cause of HPVG and to avoid
unnecessary surgery.

Arch Surg. 2003;138:1367-1370

H EPATIC PORTAL venous gas
(HPVG) was first re-
ported in neonates in
1955 by Wolfe and Nev-
ins as cited by Liebman et

al.1(p281) In adults, it has since been de-
scribed in association with a variety of
pathologic conditions (Table 1) that in-
clude intestinal ischemia and necrosis
(75% of the cases), ulcerative colitis (8%
of the cases), and intra-abdominal abcess
(6% of the cases).1,47 Patients with he-
patic portal venous gas have a global sur-
vival rate of less than 25%1,2 owing to the
severity of the underlying pathologic con-
dition that most commonly is intestinal ne-
crosis.1 This is a review of the literature
and a retrospective study of 11 reported
cases of HPVG that presented between
February 1, 1995, and May 30, 2000, at
either the Centre Hospitalier et Universi-
taire Vaudois, Lausanne, Switzerland, or
the District Hospital of Morges, Morges,

Switzerland. The aim of the study was to
clarify the significance and treatment of
HPVG, emphasizing the role of perform-
ing early exploratory surgery.

METHODS

Our case series included 6 men and 5 women
whose mean age was 66 years (age range, 40-84
years). In 6 of the 11 patients the diagnosis of
the underlying disease was confirmed by ei-
ther surgery or autopsy (extensive intestinal is-
chemia, 3 patients; segmental bowel is-
chemia, 2 patients; and giant gastric ulcer, 1
patient). One case of pylephlebitis following
diverticulitis was confirmed on computed to-
mographic (CT) scan. In 4 patients intestinal
ischemia was suspected but was never con-
firmed. The diagnosis of HPVG in 10 patients
was confirmed by CT scans, although the di-
agnosis was already suggested after ultrasonog-
raphy or standard abdominal radiographs in 6
patients. In 9 cases of HPVG, CT scans re-
vealed an associated pneumatosis intestinalis
(PI). The 2 other cases of HPVG were not as-

ORIGINAL ARTICLE

From the Departments of
Surgery (Drs Peloponissios,
Halkic, Nordback, and Gillet),
Radiology (Dr Pugnale), and
Gastroenterology (Dr Jornod),
Centre Hospitalier et
Universitaire Vaudois,
Lausanne, Switzerland; and the
Department of Surgery, District
Hospital of Morges, Morges,
Switzerland (Dr Meyer).

(REPRINTED) ARCH SURG/ VOL 138, DEC 2003 WWW.ARCHSURG.COM
1367

©2003 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwork.com/ by a Université de Lausanne User  on 03/27/2023



sociated with PI and neither of these cases was related to in-
testinal ischemia. Eight of 11 patients died within 48 hours af-
ter presentation. Of the 5 patients who underwent surgery, 2
(40%) survived. These results are summarized in Table 2.

COMMENT

Hepatic portal venous gas can be due to gas under pres-
sure in the bowel lumen or to an alteration of the mu-
cosa, allowing the gas to enter the portal system through
the mesenteric veins.1 These 2 mechanisms were dem-
onstrated by Shaw et al49 in 1967 using a dog model. Based
on these observations, we can hypothesize that any patho-
logic changes in the mucosa, for example, Crohn dis-
ease, may lead to alteration of vessel walls and the sur-
rounding tissue, preventing them from collapsing. Thus,
it allows an easier entry for air, as already hypothesized
by Katzgraber et al50 in a gastric ulcer. A third mecha-
nism is gas-forming bacteria in an intra-abdominal ab-
scess1,3,4,43 with or without a related pylephlebitis3-5,51 as
observed in our patient 4.

Hepatic portal venous gas can occur alone or in as-
sociation with PI (Figure). When associated with PI, the
origin seems to be intestinal ischemia, as observed in our
case series. Hepatic portal venous gas is not predictive
of its severity when caused by intestinal ischemia1 and
has even been observed with reversible ischemia.1,52,53 In

this series, 2 cases of HPVG and PI were observed with
segmentary bowel ischemia (patients 9 and 10).

Associated portal and inferior or superior vena cava
gas has already been described53-55 and also has been ob-
served in patient 1 of our case series. In 1 of the 3 re-
ported cases described, air could clearly be observed in the
superior and inferior mesenteric, hemorrhoidal, internal
iliac, and left colic veins and inferior vena cava. Mallens
et al53 hypothesized that the important quantity of gas
caused temporary obstruction of the portal sinusoids with
portosystemic shunting. In 1 of the cases described by
Kriegshauser et al,54 the gas was observed with real-time
sonography passing through the liver from the portal veins
to the systemic circulation. In the third case the associa-
tion between HPVG and air in the vena cava was ob-
served in a fulminant sepsis and was attributed to a gas-
forming organism causing portal and systemic venous gas.55

Transient cases of HPVG without clinical conse-
quence have been observed in numerous cases (inflam-
matory bowel disease, acute gastric dilatation, blunt ab-
dominal trauma, jejunostomy catheter insertion, and other
isolated cases).45,47,53, Benign HPVG has even been ob-
served, but exceptionally, in association with colonic in-
tramural air.56

Abdominal radiographs can detect large quantities
of HPVG or intestinal intramural gas, but its accuracy in
demonstrating them is inferior to ultrasonographic or CT
scans, both of which allow an earlier detection of small
quantities of gas in the portal tract.6,44,57 The finding of
HPVG on standard radiographs is suggestive of a poor
prognosis and is commonly associated with bowel inf-
arction (patients 7 and 11).6 A radiograph is more re-
vealing in cases of HPVG when taken with the patient
lying on his or her left side.1

At echography HPVG appears as numerous small hy-
perechogenic images with inconstant acoustic shad-
ows.6,58,59 Gas in the portal venous system is carried by the
centrifugal flow of blood in the periphery of the liver, ap-
pearing to extend to within 2 cm of the hepatic capsule.
Inversely, gas in the biliary tract moves with the centrip-
etal flow of bile, thus appearing more centrally in the liver.
Ultrasonography gives additional real-time information,
allowing the observation of the hepatofugal or hepato-
petal gas displacement.59 With concomitant portal hyper-
tension, gas bubbles may be slower to reach the liver pe-
riphery, making the diagnosis difficult.7 A history of

Table 1. Uncommon Pathologic Conditions Associated
With Hepatic Portal Venous Gas

Intra-abdominal or retroperitoneal abscess1-16

Inflammatory bowel disease
After diagnostic studies17-27

Without diagnostic studies28-30

Diverticulosis after barium enema27,31

Biliary infection32,33

Gastric ulcer6,34,35

Gastric dilatation36-38

Duodenal perforation39

Blunt abdominal trauma without intestinal perforation40-42

IIeus from anticholinergic adverse effects43

Acute necrotizing pancreatitis1

After hepatic or cardiac transplantation44-46

After placement of a jejunostomy tube47

Transgastric endoscopic ultrasound–guided biopsy48

Table 2. Outcome of Patients With Hepatic Portal Venous Gas

Patient No. Cause of the Hepatic Portal Venous Gas PI Surgery Outcome

1 Suspected intestinal ischemia + − Death
2 Suspected intestinal ischemia + − Death
3 Suspected intestinal ischemia + − Death
4 Pylephlebitis following diverticulitis − − Alive
5 Large perforated gastric ulcer − + Alive
6 Diffuse arterial intestinal ischemia + + Death
7 Diffuse arterial intestinal ischemia − + Death
8 Suspected intestinal ischemia + − Death
9 Segmentary intestinal ischemia (distal ileon) + − Death

10 Focal colonic necrosis of unknown cause + + Alive
11 Diffuse arterial intestinal ischemia ? + Death

Abbreviations: PI, pneumatosis intestinalis; −, absent or no; +, present or yes.
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biliodigestive anastomosis, endoscopic papillotomy, bil-
iary endoprosthesis, or choledocointestinal fistula are cer-
tainly of importance in the differential diagnosis.28

With its excellent spatial and contrast resolution, a
CT scan provides a conclusive diagnosis in most cases.
Furthermore, associated necrotic bowel signs are more
specific on CT scan than with ultrasonography. In ne-
crosis, the gas generally produces a bubbly image whereas
with innocuous causes, it can be linear or clusterlike, larger
and more spherical.60 However, these signs are not spe-
cific and do not allow a clear-cut diagnosis. The stan-
dard window setting for an abdominal CT scan may over-
look even extensive gas, particularly when using restricted
windows. Thus, the use of complementary lung win-
dow settings is necessary when PI is suspected.61,62 Nev-
ertheless, in all of our cases, PI was clearly observed with
standard window settings.

CONCLUSIONS

The recognition of HPVG in adults indicates, in most
cases, a life-threatening, acute abdominal process. He-
patic portal venous gas as well as PI are radiological clues

and not diagnoses. Two groups have to be distinguished–
those who have HPVG with associated PI and those who
have HPVG without associated PI. When associated with
PI, the cause of HPVG is usually an intestinal ischemia
and in a symptomatic patient it justifies performing sys-
tematic exploratory surgery. An abdominal CT scan, in-
cluding lung window settings to better identify air in the
bowel wall, will distinguish between these 2 groups. Pneu-
matosis intestinalis and HPVG due to bowel ischemia do
not allow prediction of the severity of bowel wall dam-
age. The finding of HPVG on standard radiographs is sug-
gestive of a poor prognosis and is commonly associated
with bowel infarction. The cause of HPVG without PI can
vary between innocuous and life-threatening causes. Both
the patient’s history and the clinical findings have to be
considered to exclude a benign cause of HPVG and, thus,
avoid unnecessary laparotomy. In doubtful cases, a prompt
laparoscopic exploratory procedure is mandatory to ex-
clude a surgically treatable disease.
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