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1. Abstract
The detection of hepatic portal venous (PV) gas can be a concer-
ning finding often having grave prognosis of bowel ischaemia and 
gangrene. But the finding of PV gas in a patient who is clinically 
well may often be a benign finding with no ominous outcomes. 
PV gas can be a benign finding in the first two weeks after liver 
transplant. We present 5 cases of hepatic portal venous gas which 
were detected on routine post-transplant liver doppler study after 
Living Donor Liver Transplant (LDLT) within the first two weeks 
of undergoing liver transplant in clinically stable allograft reci-
pients. Complete resolution of the PV gas was seen within 24 to 72 
hours with no adverse effect on the patient recovery and outcome. 
Hence it can be concluded that portal venous gas can be a nor-
mal finding on doppler sonography in post liver transplant patients 
with self-limiting course and spontaneous resolution. 

2. Introduction
Hepatic portal venous gas has a wide spectrum of causes and is 
detected through imaging with either sonography with or without 
doppler study or on CT scan of the abdomen. While hepatic PV gas 
detected in the earlier studies on plain abdominal radiograph was 
often associated with bowel ischaemia carrying a grave prognosis, 
modern abdominal CT has resulted in the detection of PV gas in 
more benign conditions [1-3]. The sign is being increasingly re-
cognized in non-threatening iatrogenic and non-iatrogenic condi-
tions [4]. One such condition is following liver transplantation, 
where the finding of PV gas/ mobile reflective echoes in the early 

postoperative period is a self-limiting finding and resolves in a few 
days. We present 5 cases of hepatic PV gas which were detected 
on routine post-transplant liver doppler study at our institute, a 
leading tertiary hospital and liver transplant center in India. 

3. Methods and Observations
Between May 2020 and May 2022, a total of 173 patients underwent 
liver transplant at our institute, out of which 170 were living donor 
liver transplants and 3 were deceased donor liver transplants. Rou-
tine bedside doppler of the liver allograft is performed in all the li-
ver allograft recipients in our institute as a protocol for the first 
seven days  post-transplant. All the doppler studies were done by 
one of the two radiologists working with the liver transplant team, 
one with 9 years’ and the other with 5 years’ experience in 
abdominal imaging, on Phillips Affinity 50 Ultrasound system 
with convex transducer C2-5 MHz. Amongst the 173 liver 
allograft recipients, 5 patients were detected with small floating 
mobile echoes within the intra hepatic PV and its branches, 
moving in hepatopetal direction within the PV and its branches 
along the direction of flow, with the floating echoes extending 
into the liver parenchyma (Figure 1,2). An attempted doppler 
tracing of the PV and hepatic artery showed irregular high 
amplitude spikes superimposed over the tracing of the flow 
(Figure 1-b). All the 5 patients were reviewed by the other 
radiologist in the team with doppler sonography and on 
consensus, the findings were concluded as representing PV gas. 
These findings were noted between Post-Operative Day (POD)- 2 
and POD -7, showing complete resolution between 24 to 72 hours 
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on the follow up doppler studies. All the patients were stable with 
no clinical presentation of either sepsis or bowel ischaemia and 
with stable or decreasing transaminase and bilirubin levels. None 
of the patients had any signs of graft failure. Hepatic arterial flow 
was well demonstrated in 4 out of the 5 patients on the doppler 
sonography.

Two out of the 5 patients (LAR-2 and LAR-3) who had persistent 
PV gas beyond 24 hours underwent plain CT scan of the upper 
abdomen. One of them (LAR-2, 62/M) demonstrated intra mural 
gas foci in the gastric walls, extending into the peri gastric veins, 
PV and within the hepatic parenchyma (Figure 3). A CT abdominal 
angiography was additionally performed in this patient to confirm 
arterial patency as the artifacts from the superimposed spikes in 
the doppler spectrum prevented the demonstration of arterial trace. 

Since the patient was recovering well and demonstrated no signs 
of sepsis or graft failure, he was followed up with another plain 
CT scan of the abdomen after 3 days, which showed significant 
resolution of the intra mural and intra vascular gas. A diagnosis 
of gastric emphysema was made and the patient was subsequently 
discharged in a stable condition. The other patient (LAR-3,44/M) 
who underwent CT scan of the abdomen showed no evidence of 
gas either within the PV or in the liver parenchyma on CT. A fol-
low up doppler study the next day showed complete resolution of 
the PV gas echoes which were noted the previous day on doppler. 
The other 3 out of the 5 patients showed complete resolution of 
the gas echoes on the follow up doppler study done after 24 hours 
(Table-1).

Figure 1: 44/M ( LAR-3) Post LDLT. Sonography on POD-4 (a) demonstrates low level echoes within the portal vein (yellow arrow) and multiple air 
echoes in the liver parenchyma (yellow block arrows). The echoes in the portal vein and its divisions were mobile towards the direction of blood flow. 
An attempted spectral tracing of the hepatic artery (b) shows multiple irregular spikes (white arrow) superimposed over the baseline arterial trace (white 
block arrow). Plain CT scan of the upper abdomen ( c) on POD-5 demonstrates no air in the liver parenchyma or in the portal vein branches. Follow 
up doppler sonography on POD -6 (d) shows resolution of the previously noted air echoes and significant reduction in the superimposed spikes over 
the arterial trace.
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Figure 2: 50/M ( LAR-5) post LDLT . Doppler sonography on POD-5 (a, b)  demonstrates gas echoes within the portal vein ( yellow arrow), its right 
division ( yellow block arrow), in segment VII  branch( white block arrow) and in the liver parenchyma( Asterix) . Follow up scan on the next day 
showed complete resolution of the echoes.

Figure 3: Post LDLT , 62/M ( LAR-2) . Portal vein gas was detected on routine post operative doppler on POD-3 and POD-4.  Plain CT of the upper 
abdomen on POD-4 ( a, b)  demonstrates intramural air in the stomach ( yellow arrow) , in the peri gastric vessels ( white arrow) and in the liver paren-
chyma ( yellow block arrow). CT angiography was performed as the hepatic artery could not be evaluated due to the gas causing excessive spikes in 
the doppler spectrum. Oblique MIP image (c) shows maintained patency of the hepatic artery ( white block arrow) and its divisions within the allograft. 
The patient was stable and subsequent doppler studies showed resolution of the portal vein air on POD -6 and resolution of the intramural gastric air on 
a follow up plain CT on POD- 7. A diagnosis of Gastric emphysema was made and the patient was later discharged in a stable condition.
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POD of PV gas detection Resolution Clinical presentation Transaminase and bilirubin levels Sepsis
LAR-1 56/M POD 6 POD 7 Normal post-operative recovery Stable none
LAR-2 62/M POD3,4,5 POD 6 Normal post-operative recovery Stable none
LAR-3 44/M POD 4, 5 POD 6 Normal post-operative recovery Decreasing trend none
LAR-4 48/M POD 3 POD4 Normal post-operative recovery Decreasing trend none
LAR-5 50/M POD 5 POD 6 Normal post-operative recovery Decreasing trend none

Table 1: Summary of 5 patients with portal venous gas after liver transplantation.

LAR- Liver Allograft Recipient

4. Discussion
Intra hepatic gas in liver allograft recipients can have a number 
of causes and needs to be carefully assessed. The most serious of 
these is hepatic artery thrombosis leading to biliary ischaemia and 
necrosis with formation of bile lakes and abscesses with gas [5, 6]. 
A catastrophic situation is that of hepatic artery thrombosis leading 
to gas gangrene; hepatic abscess with gram negative bacteria can 
also lead to hepatic parenchymal gas [5, 6, 7]. While the above 
conditions in a post liver transplant scenario present with hepatic 
parenchymal gas, portal venous gas is a distinct entity.

Chezmar et al [2] reported sonographic detection of early, transient 
portal venous or mesenteric gas in 18% of transplanted livers. Gas 
was identified up to 8 days after surgery and resolved within 1–9 
days after detection. While some patients had associated condi-
tions of sepsis, adynamic ileus, clostridium difficile colitis, one 
patient had graft failure requiring re-transplant. But neither bowel 
ischaemia nor infarction was present in any of the patients.

The pathogenesis of gas in the PV is believed to be either due to 
bowel distention, obstruction or bowel wall ulceration leading to 
infiltration of gas in the bowel venules and then into the PV or 
due to bacteria traversing a damaged intestinal wall [8, 9]. Shi-
gato, et al, in 2012 [10] described PV gas on sonography in three 
patients who had undergone LDLT. All the three patients had de-
veloped intraabdominal complications at the time of PV gas detec-
tion and had shown a positive bacterial blood culture. Hence, they 
concluded that PV gas in the post-transplant period could represent 
bacterial translocation.

PV gas presents in the form of mobile fast drifting small echoes in 
the PV and its branches extending into the liver parenchyma along 
the portal branches. LaFortune, et al [9] described the sonographic 
appearance of gas in PV in three patients and in their experimental 
study of injection of gas in the jejunal veins of nine dogs. In both 
the groups, doppler study and sonography yielded hyperechoge-
nic foci moving within the PV with a sharp bidirectional spike 
superimposed over the normal tracing. In all the three patients 
with PV gas detected on sonography, CT did not demonstrate 
gas either in the PV or in the liver parenchyma. Sonographically, 
both PV gas and pneumobilia can present in the form of linear or 
branching echoes and it is important to differentiate between the 
two [8,11]. Pneumobilia is confined to the central liver and there 
is often an associated history of biliary intervention in the form 

of ERCP or biliary stenting {11}. PV gas is detected in the form 
of ‘moving bright reflectors’ in real time imaging within the PV, 
and also extends to the periphery in the form of peripheral paren-
chymal reflexes caused by gas in the PV branches moving along 
the flow direction into the parenchyma [8,11]. All our patients had 
the classic sonographic findings of echoes within the PV and its 
branches extending to the periphery with the irregular superim-
posed bidirectional spikes on doppler tracing. When detected fol-
lowing a surgery or procedure and in the absence of any clinical or 
imaging evidence of bowel ischaemia, PV gas is a non-threatening 
condition not warranting surgical exploration or intervention [3, 
4]. We conclude that in the absence of clinical and imaging evi-
dence of bowel ischaemia or bacteremia, and when hepatic arterial 
flow is well preserved, PV gas in the post-operative period of liver 
transplantation is benign, transient and self-resolving and does not 
necessarily signify allograft ischaemia, failure or rejection.
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