
as an ominous finding with a mortality of almost 100%. Over the last 
decades, the introduction of CT scan has facilitated the diagnosis of 
PVG with a subsequent decrease in the mortality. PVG has been as-
sociated with ischemic bowel but also with other more benign condi-
tions. We describe a case of a young patient with PVG of uncertain 
etiology with delayed portal vein thrombosis, with a discussion on 
the different conditions associated with PVG and the approach to the 
patient with PVG.
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INTRODUCTION
The presence of portal venous gas (PVG) is a rare radiologic find-
ing seen in different clinical conditions. The most common cause is 
intestinal ischemia, which is associated with high mortality[1]. PVG 
has also been reported in patients with a great variety of conditions, 
including inflammatory bowel disease, obstructive airway disease, 
connective tissue disease, post-chemotherapy, after organ transplan-
tation, after diving, among others[2-12]. Most of the cases have been 
documented by individual case reports or small case series. PVG 
of uncertain etiology is extremely rare. A case series of 47 patients 
with portal venous gas had 5 patients in which no etiology could be 
found clinically and on imaging studies[13]. The delayed appearance 
of portal vein thrombosis after portal venous gas is also very rare. To 
date, there are only 4 cases reported in the literature[14-17]. We report a 
young patient with portal venous gas of uncertain etiology accompa-
nied by delayed portal vein thrombosis.

CASE REPORT
A 29-year-old female presented to the emergency department (ED) 
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ABSTRACT
Historically, the presence of portal venous gas (PVG) on plain ab-
dominal films was an indication for exploratory laparotomy and seen 
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complaining of intermittent nausea and watery diarrhea over three 
days with one episode of vomiting. Symptoms progressed to include 
right upper quadrant pain on the day of presentation. The pain wors-
ened with movement, palpation, and eating. She denied any fever, 
melena or hematochezia. Review of symptoms was also positive for 
decreased oral intake, dizziness, malaise and chills. She is a third-year 
medical resident caring for ill patients but denied any ill contacts at 
home. The remainder of the review of systems was negative. Her past 
medical history included history of ADHD controlled with Vyvanse, 
asthma on Singulair and Albuterol prn, migraines and history of past 
eating disorder. Surgical history was positive for medial ligament re-
pair of the knee. She denied cigarette use or alcohol use. She is mar-
ried with one child. She was nine months post-partum with a healthy 
male born at 35 weeks 5 days and was breastfeeding. She denied any 
recent travel, allergies or new medications. Her vital signs in the ED 
revealed a blood pressure of 83/51, pulse of 57, afebrile and oxygen 
saturation of 100% on room air. Abnormal physical examination 
findings revealed an ill-appearing, pale and diaphoretic female with 
guarding to the abdomen and positive McBurney’s sign. There were 
no peritoneal signs. The rest of her examination was normal.
    An abdominal ultrasound revealed normal size liver with heteroge-
neous echogenic foci throughout the liver, particularly around the por-
tal tract, most concerning for portal venous gas, no biliary dilation. He-
patic function panel significant for an AST of 130 U/L, ALT of 78 U/
L, alkaline phosphatase of 128 U/L with a total bilirubin of 1.3 mg/dl. 
White blood cell count was 8.3/mm³, hemoglobin 11.3 g/L with a lactic 
acid of 1.1 mmol/L. Urine pregnancy test was negative. A wet mount 
for vaginal pathogens was negative for Trichomonas, yeast, or clue 
cells. She was immediately sent for computed tomography (CT) of the 
abdomen and pelvis which confirmed the extensive portal venous gas 
and identified periportal edema. There was no evidence of bowel wall 
thickening or bowel hypo enhancement seen, no pneumatosis, no ap-
pendicitis or other abnormalities noted. She was given intravenous flu-
ids and started on ciprofloxacin and metronidazole for presumed intra-
abdominal source of infection and urgently transferred to our facility 
for surgical consultation. She was admitted to the Transplant Intensive 
Care Unit under care of the Liver Transplant Surgery team.
    Upon admission, antibiotics were broadened to include aztreonam, 
metronidazole, and vancomycin as well as micafungin for anti-
fungal coverage. Laboratory studies resulted negative for hepatitis, 
human immunodeficiency virus (HIV), and influenza. Urine drug, 
alcohol, acetaminophen, and salicylate tests were all negative. 
Alpha-fetoprotein was 1.8 ng/mL and PT/INR remained normal 
during her hospitalization. Her liver function tests down trended 
daily and she clinically improved without evidence of infection. 
Three days after initial presentation, a follow up CT of the abdomen 
and pelvis revealed near resolution of portal venous gas however 
a new thrombus within the portal venous branches. No bowel or 
intra-abdominal abnormalities. Hypercoagulable state work up 
was negative for JAK2, Factor V Leiden, antithrombin III, Protein 
S/C deficiency,  lupus anticoagulant, cardiolipin antibodies, and 
homocysteine. She was anticoagulated with Lovenox 1 mg/kg twice 
daily. On hospital day four, she was discharged home to complete a 
fourteen-day empiric course of antibiotics. She was advised to avoid 
breastfeeding until antibiotic therapy was complete. 
    Follow up with Hepatology occurred at one week and five weeks 
post discharge. Laboratory tests revealed normalization of her liver 
tests and normal PT/INR. She denied any complaints beside one loose 
bowel movement per day which was attributed to her antibiotics. 
She followed with Hematology as an outpatient and completed a 
three-month course of anti-coagulation. Repeat abdominal CT scan 
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8 months later revealed thrombosis of an anterior segmental branch 
of the right portal vein into segment 8 showing a residual area of 
geographic low attenuation either representing persistent perfusion 
anomaly, segmental infarct or fatty replacement. 

DISCUSSION
PVG is a rare radiologic finding. First described by Wolfe in 1955 
in infants with necrotizing enterocolitis seen on plain abdominal 
X-rays with postmortem anatomical correlation[18]. Early reports 
associated PVG with bowel gangrene with a high mortality and was 
an indication for exploratory laparotomy[19]. Since the advent of 
CT scan of the abdomen, the presence of PVG has been described 
accompanying other more benign conditions besides bowel gangrene 
with a mortality of 25-35%[2-12]. CT has allowed visualization of small 
amounts of intra-abdominal air that could not be seen at conventional 
abdominal radiography[20].
    CT scan or magnetic resonance imaging (MRI) have become the 
gold standard for the diagnosis of PVG. PVG can be differentiated 
from pneumobilia in that pneumobilia is associated with air within 
the central portion of the liver, which does not extend toward the liver 
capsule. In PVG air extends to 2 cm or less from the liver capsule. 
Air within the portal venous system is likely to be transported to 
the small peripheral branches in the liver by the centrifugal flow of 
portal venous blood, whereas air in the biliary tree is prevented from 
migrating peripherally by the centripetal flow of the bile[21]. 
    The exact mechanism of why air reaches the portal vein is still 
unknown. The factors that have been involved in the development 
of PVG are intestinal wall alteration or disruption, bowel distention, 
ischemia and sepsis. Mucosal barrier disruption of any kind can 
theoretically result in PVG, but it appears to be more common 
with intestinal ischemia, necrotizing enterocolitis, inflammatory 
bowel and peptic ulcer disease[22]. Pneumatosis intestinalis (PI) not 
infrequently occurs in combination with PVG[4,6]. Iatrogenic mucosal 
breaks from endoscopic biopsies can also result in PVG. Gastric and 
bowel distention can produce mucosal disruption that theoretically 
allows intraluminal gas to become intravascular. Iatrogenic gastric 
and bowel distention from endoscopic procedures is a well described 
cause of PVG[23-26]. 
    Several infections have been associated with PVG, including 
diverticulitis, cholangitis, abdominal tuberculosis and abdominal 
abscess[27]. The pathogenesis of PVG associated with infectious 
gastrointestinal diseases is not fully understood. One theory states that 
PVG results from septicemia due to pylephlebitis[28]. Another theory 
states that PVG results from increased intraluminal fermentation 
of carbohydrates due to bacteria[27]. A third theory states that, in the 
case of diverticulitis, there is a perforation that dissects and creates 
access to the mesocolic veins[29]. PVG has been associated with intra-
abdominal abscess without mucosal damage in some cases[30]. The 
pathophysiology is probably different in each case, depending on the 
underlying pathology.
    There are several conditions that have been associated with the 
presence of PVG such as obstructive airway disease, connective 
tissue disease, post-chemotherapy, after organ transplantation, pelvic 
inflammatory disease, graft versus host disease, after diving, among 
others. The clinical outcome of these patients was determined by their 
underlying disease and not negatively influenced by the presence 
of PVG. Although the presence of PVG usually raises the suspicion 
of bowel ischemia, PVG on CT scan may be related to a variety of 
non-ischemic etiologies and pathophysiologic mechanisms as well[31-

33,3,34,5,10,11].
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Figure 1 Extensive portal venous gas without definitive source. No bowel wall thickening or bowel hypoenhancement is seen. Diffuse periportal edema 
and heterogeneity of the liver parenchyma which is nonspecific.

Figure 2 Interval development of thrombus within the right portal venous Branches. Associated geographic hypoattenuation is favored perfusional in 
nature.

    There are rare cases in which the etiology of PVG cannot be 
determined, like in the case of the patient we describe. A retrospective 
study of 47 patients with PVG found that in 5 of the cases the 
underlying etiology was uncertain. Three of the 5 patients with PVG 
of uncertain etiology did not survive and the cause of death was not 
mentioned[13]. In another retrospective study by Hussain et al on 
275 patients, PVG was idiopathic in only 1.8%, no outcomes were 
mentioned[35]. In our young patient, the presence of PVG could not be 
explained by underlying medical conditions or by other radiological 
findings on CT scan.
    Since PVG has been associated with both, fatal conditions (i.e. 
ischemic bowel) and benign conditions (i.e. Crohn’s disease), it is 
imperative to diagnose the underlying condition causing PVG to 
establish a treatment plan and assess prognosis. Not all the causes of 
PVG produce the same outcomes. A detailed clinical and radiological 
evaluation should be done in all the patients that are found to have 
PVG before making decisions regarding diagnosis and therapy. 
Early reports indicated that PVG was diagnostic of bowel gangrene 
and that the presence of PVG required exploratory laparotomy[18; 

19]. However, over the last two decades, there has been a major shift 
from early surgical intervention with exploratory laparotomy to 
less aggressive therapy with observation and antimicrobial therapy. 
In most of the cases, the prognosis is favorable and surgery is not 
required. However, when the CT scan demonstrates PVG and the 
clinical findings suggest the presence of mesenteric ischemia, surgery 
is mandatory[21]. 
    A prospective study in 117 patients with pneumatosis intestinalis 
showed that the presence of PVG and pneumatosis intestinalis 
simultaneously in any given patient with elevated lactate levels 
and peritonitis, or decreased hemoglobin with an elevated INR and 
elevated lactate raises a strong suspicion of bowel necrosis requiring 
surgical exploration[36]. A retrospective study by Heye et al. showed 
that the presence of gas at specific anatomical locations in the 
portomesenteric venous system, namely the arcade and segmental 
vessels, may serve as a strong indicator for ischemic etiology and 
poor prognosis in the assessment of individual cases of PVG[13].
    Our patient presented with abdominal pain, nausea and diarrhea. 
She did not have any significant underlying medical conditions. 
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Her medical history was significant for having a normal delivery 
9 months prior. Her work up was non-contributory and there was 
no other abnormality on CT scan of the abdomen and pelvis that 
would suggest an intra-abdominal infection, PI or bowel necrosis. 
Because of the clinical and CT scan findings, we decided to treat 
her conservatively with antibiotics and observation. She improved 
clinically and a follow up CT scan of the abdomen showed near 
resolution of the PVG but new onset of portal vein thrombosis. No 
underlying cause for the portal vein thrombosis could be noted.
    The etiology of delayed development of acute portal vein 
thrombosis in our patient with PVG is unclear and an unusual 
occurrence. Her evaluation for an underlying hypercoagulable state 
was non-contributory and there was no obvious pylephlebitis on her 
CT scan. To our knowledge, there are only 4 cases reported in the 
literature with delayed portal vein thrombosis after PVG [14-17]. She 
completed a course of antibiotics and was placed on anticoagulation 
with resolution of her symptoms. A follow up CT scan showed 
no significant abnormalities except for a residual thrombus in the 
anterior segmental branch of the right portal vein into segment 8.

CONCLUSION
We present a case of a young patient with PVG of uncertain etiology 
with delayed portal vein thrombosis treated conservatively with 
good outcome. PVG is frequently caused by mesenteric ischemia but 
may have a variety of other causes, and does not necessarily require 
surgical treatment. Findings of PVG on CT scan should be carefully 
evaluated in the context of clinical findings. In most of the cases, the 
prognosis is favorable and surgery is not required. The occurrence 
of acute portal vein thrombosis after PVG is not common and, if 
present, should be treated with anticoagulation.
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