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OBJECTIVES:  To report  the utility  of  abdominal  ultrasonography  (US)  to identify  the presence  of  portal
venous  gas  (PVG)  during  non-occlusive  mesenteric  ischemia  (NOMI),  and  to follow  the  disappearance  of
portal  venous  gas  after  resolution  of  the NOMI.
DATA  SOURCES:  This  was  a  clinical  observation  of  a patient,  with  images  of abdominal  computed  tomog-
raphy  (CT),  and  a video  of portal  venous  gas  identified  by  ultrasonography.
DATA  SYNTHESIS:  We  describe  the  case  of  an  adult  patient  admitted  to our  ICU  for  NOMI  developing
48  h  after  cardiac  surgery.  Medical  intensive  care  associated  with  jejunal  resection  and  vacuum-assisted
closure  led  to  rapid  recovery.  Three  weeks  later,  the  patient  presented  acute  pulmonary  edema,  and
developed  a  new  episode  of NOMI  that was  suspected  by  identification  of  PVG  on  US,  and  then  confirmed
on  abdominal  CT.  The  patient  rapidly  improved  after  orotracheal  intubation  and  treatment  of  pulmonary
edema.  A  second  US  performed  9 h  later  showed  disappearance  of  PVG. The  laparotomy  performed  10  h

after  the  first  US  did  not  find  evidence  of  small  bowel  or colon  ischemia.  The  postoperative  period  was
uneventful.
CONCLUSIONS:  US  is a useful  tool  for the detection  of PVG  in  critically  ill patients,  prompting  suspicion  of
AMI. PVG  can  be  observed  at the  early  phase  of  AMI,  even  before  irreversible  transmural  gut  ischemia;
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. Introduction

Acute mesenteric ischemia is a life-threatening complication
mong critically ill patients with shock. The diagnosis of acute
esenteric ischemia in the critically ill is frequently delayed

ecause its presentation is not specific. Several cases of transient
ortal venous gas identified on abdominal CT have been reported
ith good evolution under medical treatment alone [1–3]. Abdom-

nal ultrasonography is a bedside diagnostic tool allowing easy
isualization of portal venous gas by the intensivist. According to
he SCARE criteria, we report the first case of transient portal venous
as whose disappearance of gas was identified using US [4].
Abbreviations: AMI, acute mesenteric ischemia; ICU, Intensive Care Unit; PVG,
ortal venous gas; CT, computed tomography; US, ultrasonography.
∗ Corresponding author at: Service de Réanimation Médicale, CHU de Besanç on,
5030 Besanç on, France.

E-mail address: gpiton@chu-besancon.fr (G. Piton).
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210-2612/© 2017 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing G
reativecommons.org/licenses/by-nc-nd/4.0/).
rapidly  (within  several  hours)  may  suggest  resolution  of  the NOMI.
shed  by Elsevier  Ltd  on  behalf  of IJS  Publishing  Group  Ltd.  This  is an  open

 BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

2. Case report

An adult patient with a personal history of smoking, atrial fib-
rillation, aortic insufficiency, and chronic bronchitis, was  admitted
to the ICU for shock 48 h after surgical aortic valve replacement for
severe aortic valve disease. Acute mesenteric ischemia was rapidly
suspected given the presence of acute abdomen, lactic acidosis, and
shock. High-dose norepinephrine infusion, fluid loading with 0.9%
saline, and wide-spectrum antibiotic therapy was  initiated. Urgent
abdominal computed tomography (CT) scan did not find evidence
of acute mesenteric ischemia (AMI). However, since the shock was
persistent, laparotomy was  performed, and found necrosis of 40 cm
of the jejunum that was resected, and a vaccum-assisted closure
device was  inserted. Since the mesenteric arteries and veins were
permeable, a diagnosis of non-occlusive mesenteric ischemia asso-
ciated with focal transmural jejunal necrosis was  retained. In the
first week, 4 interventions were performed by laparotomy, and a
total of 70 cm of jejunum were resected. Bacterial samples from the

peritoneum were negative, but mycological samples identified the
presence of Candida, which was treated by fluconazole. The post-
operative course was  progressively favorable. However, 3 weeks
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ig. 1. Abdominal computed tomography performed immediately after the first
bdominal ultrasonography, and showing isolated small bubbles of portal venous
as (arrow) in the liver.

ater, after the patient had been extubated and weaned off cate-
holamines, he developed acute respiratory failure with hypoxia,
achypnea, and mottling, without hypotension. Arterial blood gases
howed hypoxia and compensated metabolic acidosis with nor-
al  pH, lactate, aspartate aminotransferase, and plasma creatinine

oncentrations. Transthoracic echocardiography showed central
itral insufficiency and mitral Doppler found an E wave velocity

f 200 cm/s with E/A > 2. Anterior pulmonary US showed numerous
nd mobile B lines, which, associated with the mitral Doppler, were
n favor of a diagnosis of acute pulmonary edema of cardiac origin.
bdominal US performed on the right side of the trunk, using the
hepatic window”, found mobile echoes in the main trunk of the
ortal vein directing towards the liver, identified as dynamic por-
al venous gas (PVG), and multiple hyperechoic foci within the liver
arenchyma, identified as static PVG (Video 1 in Supplementary
le). We judged the patient to be presenting new onset AMI. The
atient was sedated, orotracheal intubation was performed, limited
uid loading with cristalloids was initiated, norepinephrine was

ntroduced, and wide-spectrum antibiotic therapy targeting diges-
ive bacteria was administered. Urgent abdominal CT performed
mmediately after the US confirmed the presence of PVG, which was
imited to rare bubbles in the liver parenchyma (Fig. 1) and in the

esenteric veins, and limited pneumatosis intestinalis on the small
owel, while the mesenteric arteries were permeable. The surgeon
n call was contacted with a view to performing laparotomy that
ight, but the operating room was not immediately available. In
he first few hours after orotracheal intubation, the patient rapidly
tabilized under 0.3 �.kg.min−1 norepinephrine infusion, with dis-
ppearance of mottling, persistent diuresis, and with normal pH
nd lactate concentrations. A second US performed 9 h after the
revious one showed the complete disappearance of both dynamic
nd static PVG (Video 2 in Supplementary file). The laparotomy
erformed one hour later did not find any macroscopic evidence
f ischemia, either in the small bowel or the colon, and no resec-
ion was performed. In the following days, the patient recovered
apidly, without recurrence of acute mesenteric ischemia. One year
ater, the patient had returned home and resumed normal physical
ctivity.

. Discussion
The main messages of this case report are the following: firstly,
here is a possible discordance between ultrasonography and
bdominal CT as regards identification of PVG, with ultrasonogra-
PEN  ACCESS
gery Case Reports 37 (2017) 76–78 77

phy being more sensitive for the visualization of small amounts of
gas. Secondly, PVG may  be observed at the early phase of AMI, even
before the constitution of transmural necrosis. Finally, PVG can be
transient, and the rapid disappearance of PVG may  be a factor that
is associated with favorable outcome.

This case report illustrates the possible discordance between
US and CT for the visualization of PVG. Indeed, whereas US  identi-
fied mobile echoes in the trunk of portal vein and evidence of gas
accumulation in the liver parenchyma, abdominal CT found only
localized bubbles in the liver parenchyma and mesenteric veins,
but not in the portal vein. This observation adds further evidence
to the hypothesis that US is more sensitive than CT for identifying
small amounts of gas in the liver [5–9]. This point has been devel-
oped by Hollerweger et al. who showed that, based on the physical
properties and technology used for CT and US, CT cannot identify
very small amounts of gas, whereas US can [8]. In our experience,
patients presenting with PVG on CT also have PVG detectable on
US, whereas PVG seen on US is not systematically associated with
PVG on CT.

In our case, the PVG was seen on US in a patient presenting
with peripheral signs of hypoperfusion, but without hypotension,
and interestingly, with normal plasma concentrations of creatinine,
ASAT and lactates. This suggests that US visualization of PVG can
be an early event in the pathogenesis of AMI, and could precede
the constitution of transmural infarction, which is generally asso-
ciated with shock state, acute renal failure, metabolic lactic acidosis,
elevated ASAT, and massive PVG on abdominal CT [10].

The visualization of PVG was  transient. Indeed, a second
abdominal US performed 9 h after the first showed the complete
disappearance of both dynamic and static PVG. Several cases have
been reported of patients presenting with transient PVG identified
on successive abdominal CT. First, Coulier et al. found transient PVG
in a patient with hypovolemic shock and gastrointestinal occlusion,
with disappearance of PVG after correction of the shock and stom-
ach decompression using a nasogastric tube [1]. Second, Suzuki
et al. identified transient PVG in a dialysis patient presenting with
hypotension, with the PVG disappearing within 18 h with con-
servative treatment [2]. Third, Morisaki reported a patient with
ischemic enteritis and transient PVG, which disappeared with con-
servative treatment [3]. In the present case, PVG was  identified
in an unstable patient presenting with hypoxia and mottling. In
contrast, the second US was  performed once the patient was  stabi-
lized, with no signs of either acute pulmonary edema or peripheral
hypoperfusion. It is likely that the patient initially presented non-
occlusive mesenteric ischemia on-occlusive mesenteric ischemia
(NOMI) that was  reversible after orotracheal intubation and treat-
ment of the acute pulmonary edema [11]. After the resolution of
NOMI, the gut source of gas could have dried up, and the intrahep-
atic accumulation of gas could have resorbed progressively. This
case report supports the evidence that, if the source of mesenteric
gas is corrected, intra-hepatic accumulation of gas can be resorbed
within few hours.

There was  no evidence of transmural small bowel or colon
ischemia at laparotomy examination. This laparotomy was
performed one hour after the normalization of US showing disap-
pearance of both dynamic and static PVG. This observation suggests
that the transient visualization of PVG is not necessarily associ-
ated with poor prognosis, and that may  be useful to follow PVG
development with US. Indeed, reported cases of transient PVG were
associated with good recovery with conservative treatment alone
[1–3]. We suggest that among critically ill patients presenting with
PVG on ultrasonography, when abdominal CT shows permeability

of the mesenteric vessels, mild amounts of PVG, and absence of
surgical indication, and when the clinical status rapidly improves
under medical therapy, then monitoring of PVG after 6 h could be
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ig. 2. Proposed algorithm for a diagnostic strategy among critically ill patients pres
omography.

erformed, thus avoiding laparotomy in patients in whom PVG
isappears (Fig. 2).

There are several limitations to the use of US in the context of
MI  in the critically ill. Firstly, US is not the best imaging technique

or the confirmation of acute mesenteric ischemia: abdominal CT
ith contrast enhanced injection should always be performed
here possible when acute mesenteric ischemia is suspected

Fig. 2). Indeed, contrary to US, abdominal CT enables accurate anal-
sis of the mesenteric veins and arteries, and can identify obvious
urgical indications such as pneumoperitoneum or peritonitis. Sec-
ndly, performing US can be difficult in critically ill patients. Indeed,
ound dressings, edema, difficulty moving the patient to obtain an

ppropriate position for US, and inexperience of the operator are
imiting factors. However, using the “hepatic window” on the right
ide of the trunk, as reported in this case, allows good visualization
f the liver and portal vein, and PVG can easily be identified.
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