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Objective. Portomesenteric venous gas is a rare condition with an unclear pathogenesis. Most studies
in the medical literature mention computed tomography (CT) as the primary imaging tool for this enti-
ty. The objective of this study was to outline the advantages and disadvantages of sonography in the
evaluation of patients with portomesenteric venous gas. Methods. We describe 7 patients 
(3 female and 4 male; age range, 47–83 years) with portomesenteric venous gas. Both CT and sono-
graphic examinations were performed in each patient. Our patient population consisted of 2 patients
with superior mesenteric artery occlusion, 3 with ischemia of the colon, small bowel, or both, 1 with
gastric ulcer perforation, and 1 with ischemic bowel disease presumably secondary to complications of
continuous ambulatory peritoneal dialysis. Results. Portal venous gas was observed in all 7 patients with
sonography and in 6 patients with CT. Computed tomography was unable to show gas in the portal
venous system in 1 patient. Sonography showed patchy hepatic gas accumulation (likely within small
peripheral portal vein branches) with no correlative findings on CT. Computed tomography showed
important associated findings, including pneumatosis intestinalis. Conclusions. In cases with portome-
senteric gas, CT is the preferred modality for showing the underlying etiology. However, with its real-
time imaging capability, sonography may also be a very valuable imaging modality in the evaluation of
this entity. Key words: computed tomography; portal vein gas; portomesenteric gas; sonography.
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ortomesenteric venous gas is a rare condition
whose pathogenesis is unclear and incompletely
understood. Despite its rarity, early detection and
recognition are of the utmost importance for cor-

rect diagnosis and treatment. Since its first reported date
in 1955 by Wolfe and Evans,1 it has been regarded a sign
of a grave clinical problem presumed to have an unfavor-
able prognosis. In early studies, the presence of this sign
was said to be associated with a mortality rate of greater
than 75%. However, with impressive developments in
imaging technology, recognition of portal venous gas has
substantially increased, and today it is not considered as
grave a sign as once assumed. Recent studies indicated
mortality rates as low as 29%.2,3 The declining rate may
also be attributed to an increased detection rate rather
than advances in therapeutic measures and improve-
ments in intensive care medicine.
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Most published studies in the medical literature
mention computed tomography (CT) as the pri-
mary imaging tool for diagnosis in these
patients.2–6 This may partly be attributed to insti-
tutional and personal preferences, the ability to
perform CT examinations quickly in emergency
settings, and the relative objectivity of the exam-
inations. Despite the mentioned advantages of
CT technology, with the rapid advances in sono-
graphic technology and increased experience
with this technique, it may be a very useful and
versatile alternative in adequate clinical contexts.
In experienced hands, sonography may be high-
ly accurate in the detection of not only portome-
senteric gas but also associated and causative
processes in some cases.

The aim of this study was to outline the advan-
tages and disadvantages of sonography in the
evaluation of portomesenteric venous gas as well
as other associated findings. 

Materials and Methods 

We describe 7 patients with portomesenteric
venous gas who were examined between
February 2003 and February 2006. Three of the
patients were female, and 4 were male, with an
age range of 47 to 83 years. The patient popula-
tion was selected in a prospective manner
and consisted of cases with portomesenteric gas
diagnosed sonographically and then followed by
CT examination. Cases with no CT examinations
were not included in our series. Sonographic
examinations were done with either a LOGIQ 7
or LOGIQ 9 system (GE Healthcare, Milwaukee,
WI) using a 2- to 6-MHz convex transducer.
Helical CT examinations were performed with a
HiSpeed CT/i system (GE Healthcare). For each
case, the CT examination was performed 15
minutes to 1 hour after the sonographic exami-
nation. Five patients underwent contrast-
enhanced CT, and 2 patients underwent
unenhanced CT. The CT scans were reviewed by
2 observers in consensus with regard to por-
tomesenteric venous gas and other associated
imaging findings, including bowel changes
such as wall thickening, bowel distension, and
intestinal pneumatosis. All the findings were
easily detectable, with agreement by both
observers. Portomesenteric venous gas was
described as the presence of gas in the main
portal vein or intrahepatic branches, mesenter-
ic veins, or both.

Our patient population consisted of 2 patients
with superior mesenteric artery (SMA) occlusion,
3 with ischemia of the colon, small bowel, or
both, 1 with gastric ulcer perforation, and 1 with
ischemic bowel disease presumably secondary
to complications of continuous ambulatory peri-
toneal dialysis (CAPD). In all these patients, the
diagnosis was determined either surgically or by
follow-up, compounded with the imaging find-
ings and clinical picture. Of these 7 patients, 3 (1
with gastric ulcer perforation and 2 with bowel
ischemia) underwent surgery. Two of these
patients survived, and 1 with extensive ischemia
of the right colon and small bowel died. Overall,
5 patients died, and 2 (the patient with gastric
ulcer perforation and 1 with ischemia of the left
and transverse colon) survived. 

Results

Sonographic and CT findings of the patients,
together with demographic and clinical details, are
summarized in Table 1. Gas in the portal vein, main
branches, or both was observed in all patients on
sonography and in 6 patients on CT. In 1 patient
with ischemia of the colon, CT was unable to show
gas in the portal venous system. A second sono-
graphic examination performed immediately after
the CT examination also revealed findings that
were similar to those of the initial sonographic
examination in this particular patient.

In all patients, sonography showed patchy hep-
atic gas accumulation, probably due to gas in
peripheral portal vein branches, whereas CT failed
to show this finding in all the cases. In 1 patient
with SMA occlusion, portal gas was associated
with widespread gas in the splenic vein, which was
observed both on sonography and CT (Figure 1).

Gas in the superior mesenteric vein (SMV) or
branches could be observed on CT in 3 patients.
In these patients, sonography failed to show gas
in the SMV; however, in 1 patient, gas in mesen-
teric vein branches could be detected on a subse-
quent sonographic examination by retrospective
evaluation.

Associated radiologic findings seen with CT
included pneumatosis intestinalis in 5 patients,
intestinal wall thickening in 2, bowel distension in
3, hepatic perfusion abnormalities in 2, intraperi-
toneal free air in 1, ascites in 4, gas in mesenteric
vein branches in 2, and gastric wall thickening in
2. Associated findings seen with sonography
included a hydropic gallbladder in 2 patients.
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Discussion

The detection of gas in the portomesenteric
venous system typically predicts a poor prognosis
when associated with bowel ischemia. However,
a wide variety of nonischemic conditions may
also be associated with portomesenteric gas,
including iatrogenic, traumatic, inflammatory,
infectious, neoplastic, and obstructive causes.6–14

Hemodialysis and, rarely, CAPD were also report-
ed to cause nonocclusive mesenteric infarction,
presumably secondary to a high frequency of
hypotensive episodes, as presumably was the
case in 1 patient of our series.15 No definitive eti-
ologic cause can be found in approximately 15%
of cases.16 The presumed factors favoring the
development of portal venous gas are intestinal
wall alterations, bowel distension, and intra-
abdominal sepsis.6,17,18 The presence of portome-
senteric gas is usually a benign finding, especially
when associated with conditions such as pan-
creatitis, cardiac-induced hypotension, blunt
abdominal trauma, and iatrogenic causes such as
liver transplantation, endoscopy, and barium
enemas. In such cases, the prognosis is favorable,
and surgery is not required. The pathogenesis of
portomesenteric venous gas is thought to be
quite different in these two groups of patients,
which may explain the difference in outcome.19

The sonographic characteristics of portome-
senteric venous gas were described by Lafortune
et al20 based on observations in patients with
portomesenteric gas and after in vivo studies on
anesthetized dogs. Intravascular gas may be
identified in the lumen of the vessel as small
mobile echogenic foci or a series of gas bubbles
resembling a “string of pearls” moving in the
direction of blood flow, whereas on CT it is seen
as linear tubular lucency branching from the
portal hilum to the periphery of the liver.
Because of centrifugal flow in the portal vein,
gas tends to accumulate in the periphery of the
liver, whereas gas in the biliary system tends not
to proceed closer than 2 cm to the liver cap-
sule.6,17 This finding is a useful clue for differen-
tiating venous gas from gas in the biliary tree.
Detection of gas in the main portal vein and its
intraparenchymal branches is relatively easier
in mesenteric vessels because of their more
superficial location and the acoustic window of
the liver parenchyma, although obesity or over-
lying bowel gas may obviate the mentioned
advantages.

In 1 case of our series, CT could detect gas in
portal vein branches but not in the main portal
vein, whereas sonography readily revealed gas
bubbles in the main portal trunk. In the literature,
as well, there are cases in which portal venous gas
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Table 1. Demographic Features, Etiology, and Imaging Findings of Patients With Portomesenteric Gas

Hepatic
Portal Parenchymal
Vein Gas SMV
Gas Accumulation Gas Additional Imaging

Patient Age, y/Sex Cause S CT S CT S CT Findings (CT, S, or Both)

1 73/F Occlusion of SMA + + + – – + Gas in splenic vein, hydropic
gallbladder

2 77/F Ischemia of right + + + – – + Hepatic perfusion changes, gas in
colon and small bowel SMV branches, thickening of bowel

wall, intestinal pneumatosis
3 63/M Gastric ulcer perforation + + + – – – Ascites, gastric wall thickening,

intraperitoneal free air
4 83/M Ischemia of small bowel? + + + – – – Intestinal pneumatosis, hepatic 

perfusion changes
5 55/M Occlusion of SMA + + + – – + Minimal ascites, intestinal pneumatosis,

gas in mesenteric vein branches,
bowel distension

6 47/F Ischemia of left and + – + – – – Intestinal pneumatosis,
transverse colon ascites, bowel distension

7 51/M Ischemic bowel disease + + + – – – Ascites, intestinal pneumatosis, bowel
secondary to complications distension, thickening of bowel wall
of CAPD? and gastric wall

F indicates female; M, male; and S, sonography.
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Figure 1. Bowel ischemia in a 73-year-old female patient. A,
Sonography shows hyperechoic foci in the liver parenchyma due
to accumulation of gas bubbles (arrowheads). B and C, On con-
trast-enhanced helical CT, gas in the SMV (B, arrow) and periph-
eral venous structures of the liver (C, arrow) are shown. However,
parenchymal gas bubbles that are shown on sonography cannot
be visualized on CT images. D and E, Both sonography (D) and
helical CT (E) reveal gas in the splenic vein (arrows).
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has been detected by sonography alone with no
correlative findings on CT, and the diagnosis
was made on the basis of either gray scale or
Doppler sonographic features.19,20 Maher et al19

showed that even with the full range of
pathognomonic findings of portomesenteric
venous gas on sonography, it can still be unde-
tectable on CT, even when performed immedi-
ately after sonography. Sonography may have
higher sensitivity in the detection of gas in the
portal vein and its peripheral branches, which
was linked to its real-time imaging capability,
thereby allowing detection of even minor
amounts of tiny mobile air bubbles, and the
strong reflective nature of air with the ultra-
sound beam. Doppler sonography, in particu-

lar, was suggested to be more sensitive than
gray scale or CT imaging. The Doppler tracings
reveal sharp, tall spikes superimposed on the
background of a normal spectral trace of portal
vein flow (Figure 2). This characteristic spectral
waveform was thought to represent an artifact
caused by acoustic reflections from the mobile
intravascular gas bubbles.19,20 Patchy hepatic
gas accumulation detected with sonography
probably represents tiny gas bubbles in small
peripheral portal vein branches, which are too
small to resolve with sonography, whereas the
gas in the lumen is easily visible (Figure 3). This
may be an important supporting clue to the
superior accuracy of sonography with regard to
this finding.
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A
Figure 2. Images from a 51-year-old patient who received
CAPD. A, Sonography of the liver shows patchy areas of
increased echogenicity throughout the liver (arrowheads) and
tiny moving hyperechoic foci within the main portal vein
(arrows). B, No evidence of air within the portal vein (open black
arrow) or correlative findings of parenchymal hyperechoic areas
are shown on a contrast-enhanced helical CT section of the liver;
however, a tubular area of decreased attenuation (white arrow),
consistent with gas in a portal vein branch, is shown. C, Doppler
examination of the portal vein reveals characteristic bidirection-
al, sharp, vertical spikes superimposed on a normal portal
venous signal.
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In patients with gas in superior mesenteric ves-
sels and mesenteric side branches, sonography
was less precise when compared with CT. In 1
case, however, gas in lower-order branches of
the mesenteric vein could be visualized on retro-
spective evaluation as linear echogenicity
between the mesenteric fat planes, associated
with typical Doppler sonographic findings
(Figure 4).

The absence of intestinal pneumatosis in all
cases of portomesenteric gas secondary to
intestinal ischemia, as seen in 1 of our patients,
is logical, as Wiesner et al2 suggested, because
accumulation of intramural gas in an ischemic
bowel segment may not indicate the concomi-
tant leakage of air into the mesenteric veins.
Even if rare, after an ischemic insult to the
intestinal wall, intraluminal gas may gain access
into the portomesenteric veins directly without

producing a radiologically detectable pneu-
matosis. In 2 of our patients, the presence of
intestinal pneumatosis was suspected sono-
graphically because of the presence of sugges-
tive intramural echogenic gas bubbles (Figure
5). Computed tomography is superior for
detecting this finding; however, sonography
may also be useful in detection of pneumatosis,
as suggested by some authors.21,22

In conclusion, in cases with portomesenteric
gas, a CT study of the abdomen and pelvis is
warranted because intestinal ischemia is a com-
mon cause of portomesenteric gas, and the clin-
ical outcome of these patients depends on the
delay between diagnosis and surgical explo-
ration. However, with its real-time imaging capa-
bility, sonography is also a very valuable imaging
modality for evaluation of these cases in the
appropriate clinical context. 
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Figure 3. Superior mesenteric artery occlusion in a 55-year-old male patient. A, Sonography shows gas in the portal vein (arrow) and
parenchymal hyperechoic foci due to accumulation of gas bubbles (arrowheads). B, Contrast-enhanced helical CT shows tubular areas
of decreased attenuation extending to the periphery of the liver (small arrows), consistent with gas in the portal vein branches, and a
small amount of air in the main portal vein (open arrow). However, no parenchymal findings corresponding to hyperechoic foci of
parenchymal gas bubbles are shown on CT.

A B
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Figure 5. Superior mesenteric artery occlusion in a 55-year-old male patient. A, Computed tomography reveals pneumatosis intesti-
nalis (short arrows) and gas in the SMV (long arrow). B, Sonography performed approximately at the same level reveals hyperechoic
foci in the bowel wall (arrows), consistent with intramural gas.

A B

Figure 4. Portomesenteric gas due to bowel ischemia in a 77-year-old female patient. A and B, Gray scale sonography (A) shows linear
echogenicity between the mesenteric fat planes (arrow), corresponding to air in mesenteric vein branches, which is verified with color
Doppler sonography as well (B, arrow). C, Spectral Doppler examination reveals typical high-amplitude spikes superimposed on the nor-
mal slow-flow waveform of the vein, which corresponds to acoustic reflection from the intravascular gas. D, Abdominal CT examination
clearly shows multiple tubular areas of low attenuation in the mesentery (arrows), consistent with air in the mesenteric vein branches.
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