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Background A young male presented after sustaining a gunshot wound to his right flank resulting in a complex
liver injury.

Summary = Our patient was a 24-year-old male who sustained a gunshot wound to his right flank. He was
taken emergently to the operating room, where he was found to have a grade IV liver injury, a portal
vein injury that was repaired primarily, and a transverse colon injury that was resected and left in
discontinuity. Postoperative imaging revealed grade III distal pancreatic injury and a left hepatic
artery to main portal vein fistula. The patient underwent distal pancreatectomy, splenectomy, and
colo-colonic anastomosis on re-exploration the following day. He subsequently developed refractory
hypoxia and hypotension requiring several days of extracorporeal membrane oxygenation (ECMO).
Once off ECMO, hepatic arteriography was performed, revealing a significant arterioportal
fistula near the hepatic artery bifurcation. No safe intervention was possible. The patient later
developed a high output bile leak. Endoscopic retrograde cholangiopancreatography (ERCP)
revealed extravasation from the right anterior hepatic duct at the bifurcation and a leak from the
left intrahepatic bile duct. A transpapillary stent was placed, but the patient continued to have high
output. Percutaneous transhepatic cholangiography (PTC) was then performed with an internal/
external drain placement, which significantly decreased bile output. Follow-up cholangiogram showed
resolution of bile leak at two months.

Conclusion  The diagnosis and management of major biliary and vascular injuries following hepatic trauma are
complex. We present a case of penetrating hepatic trauma causing a significant intrahepatic bile duct
injury as well as an arterioportal fistula requiring advanced endoscopic and interventional radiology
techniques for successful management. This case highlights the need for a multidisciplinary approach
when managing these complex injuries.
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Case Description

The patient was a 24 year-old-male who sustained a gun-
shot wound to his right flank. On arrival, the patient
was hemodynamically unstable and taken to the operat-
ing room. Massive hemoperitoneum was immediately
encountered. A complex liver laceration was identified
involving segments four, five, and eight. A lateral portal
vein injury was found and primarily repaired. The hepat-
ic arteries were examined, and no injuries were identified.
The hepatic injury was packed. The patient also had a dis-
tal transverse colon injury which required segmental resec-
tion. Due to the bullet trajectory, the lesser sac was opened,
which revealed a distal pancreatic contusion that was
packed. Due to hemodynamic instability, the patient was
left in discontinuity, and a temporary abdominal closure
system was applied. Once stabilized in the intensive care
unit, a CT with IV contrast was obtained that demonstrat-
ed a traumatic arteriovenous fistula between the common
portal vein and left hepatic artery (Figure 1) as well as a
grade III laceration of the distal pancreas. The patient was
taken back for re-exploration where he underwent distal
pancreatectomy, splenectomy, colo-colonic anastomosis,
and replacement of temporary abdominal closure system.

On hospital day three, the patient developed acute refrac-
tory hypoxia and hypotension. The cause of his refrac-
tory hypoxia was thought to be a pulmonary embolism,
although he was too unstable to undergo a CT angiogram.
A transthoracic echocardiogram was obtained, which
showed normal ejection fraction (EF) without signs of
right heart strain, so we did not believe he would benefit
from an intervention on his presumed pulmonary embo-
lism. Due to the refractory hypoxia with preserved EE we
cannulated him for venovenous extracorporeal membrane
oxygenation (ECMO). The patient had no further signs of
bleeding, so he was started on therapeutic anticoagulation.
He required four days of ECMO and was subsequently
extubated on day seven.

Since the patient was not showing signs of heart failure or
portal hypertension, treatment of the arterioportal fistula
was delayed until he was off ECMO. Before closure of the
patient's abdomen, interventional radiology performed a
celiac arteriogram that redemonstrated the fistula between
the proximal left hepatic artery and a dilated main portal
vein (Figure 2). The hepatic artery had a low bifurcation,
with the left hepatic artery originating quite proximally at
the level of the main portal vein injury. Due to the fistula
being only 1-2 mm distal to the origin of the left hepatic
artery, it was not amendable to arterial stent-graft place-
ment.

Figure 1. Arterioportal Fistula Involving Left Hepatic Artery and Main Portal Vein: A) Coronal and B) Axial. Published with Permission
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Biliary sphincterotomy was performed, and an 8.5F by
7 cm plastic transpapillary biliary stent was placed in the
common bile duct (CBD). Despite stenting, he continued
to have high bilious output from his drains (approximate-
ly 600 cc/day); interventional radiology performed per-
cutaneous transhepatic cholangiography (PTC), showing
a persistent large bile leak at the hepatic duct bifurcation
(Figure 4). An 8.5F percutaneous transhepatic biliary drain
(PTBD) was placed across the leak with a distal tip within
the duodenum. During this time he also required treat-
ment for recurrent ESBL-producing Escherichia coli bacte-
remia that was cultured from an intra-abdominal abscess
and the bile in his PTBD. The bilious drainage decreased
significantly over the next month after discharge, and the
drain was subsequently removed in the clinic.

Figure 2. Celiac angiogram showing arterioportal fistula. Published with
Permission

The patient's abdomen was eventually closed over drains
on hospital day 13. Two weeks after his injury, he devel-
oped high bilious output (approximately 800 cc/day) from
his right upper quadrant drain. An ERCP was performed,
which demonstrated complete disruption of the right
anterior hepatic duct at the bifurcation and a leak from the
left intrahepatic bile duct (Figure 3).

Figure 3. Endoscopic Retrograde Cholangiopancreatography. Published with Permission

A) Bile leak from left intrahepatic duct; B) bile leak from right hepatic duct near bifurcation
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Figure 4. Percutaneous Transhepatic Cholangiography Showing Persistent
Bile Leak at Bifurcation. Published with Permission

(Filt, 6)

Follow-up cholangiogram through his PTBD two months
after placement showed persistent but improved leak at
the hepatic duct bifurcation. His PTBD was upsized to
a 10F drain. A month later, he underwent repeat ERCP
with the removal of the CBD stent. Cholangiogram was
performed that showed no bile leak but a moderate area
of stenosis involving the left main hepatic duct (Figure 5).
This area of stenosis was balloon dilated, and a new 8.5F
by 12 cm plastic stent was placed into the left hepatic duct.
After resolving the bile leak, his PTBD was clamped with
plans to repeat PTC and ERCP in two months. He is also
undergoing a serial liver duplex US to monitor for portal
hypertension.
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Figure 5. Endoscopic Retrograde Cholangiopancreatography Showing
No Bile Leak But Stenosis of Left Hepatic Duct (arrow). Published with
Permission

Discussion

Complex hepatic injuries are typically defined by the
American Association for the Surgery of Trauma (AAST)
Organ Injury Scale as being grade IV and V. Grade IV
injures are defined as parenchymal disruption involving 25
percent to75 of a hepatic lobe or one tothree Couinaud's
segments within a single lobe. Grade V injuries are defined
as parenchymal disruption involving >75 percent of a
hepatic lobe or >3 Couinaud's segments within a single
lobe. Juxtavenous hepatic injuries are also considered grade
V injuries." These injuries are associated with significant
morbidity and mortality, with mortality rates as high as 80
percent in some series.” The management of these injuries
and their associated complications remains a challenge for
even the most experienced trauma surgeons. Due to the
complexity of the injuries, a multidisciplinary approach
may improve outcomes.

The most frequent complications related to liver trauma
include biliary and vascular injuries, infections, and liv-
er necrosis.” Vascular injuries associated with penetrating
hepatic trauma include pseudoaneurysms and arteriopor-
tal fistulae (APF). Hepatic artery-to-portal vein fistula is a
rare vascular complication typically caused by trauma or
iatrogenic procedures.* This creates a shunt with decreased
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hepatic arterial pressure and increased portal venous
pressure, which can cause portal hypertension and rarely
congestive heart failure. In most patients, the resistance
imposed by the intervening hepatic sinusoids buffers the
effects on the systemic circulation and protects against
heart failure.*> Guzman et al. published a classification sys-
tem based on etiology, size, involved vessels, and location.’

Patients with APF are usually asymptomatic or may
develop symptoms related to portal hypertension.® Portal
hypertension typically presents months after development
of the fistula and has been reported in up to 43 percent
of patients with APE* Portal hypertension is more likely
in fistulas involving the larger branches of the portal vein
and hepatic arteries because of the higher flow.® The portal
hypertension is presinusoidal, so liver function tests and
liver architecture is typically normal.® APF is generally
diagnosed as an incidental finding on CT of early filling
of the portal vein on arterial contrast phase.* Hepatic arte-
riography is the gold standard for diagnosis, which shows a
visualization of the portal vein on injection of the aorta or
celiac artery.” Duplex ultrasound and magnetic resonance

imaging are also helpful in diagnosis and follow up of APE*

Due to the rarity of APE, optimal management is contro-
versial as the literature consists mainly of case reports and
case series. Treatment of APF is indicated to prevent the
long-term development of portal hypertension, hepato-
portal sclerosis, and possible cirrhosis.>® Small, peripheral,
asymptomatic APF usually spontaneously thrombose, and
can be followed with serial Duplex ultrasound.” If there
is evidence of portal hypertension, the fistula is large, or
if it involves extrahepatic portal vein and hepatic arteries,
then treatment is indicated.” In the past, the majority of
patients with an APF required surgery.” Due to the mor-
bidity and mortality associated with surgery, intervention-
al radiology (IVR) is now considered first-line treatment
for APE’ Transarterial embolization (TAE) using platinum
microcoils or gelatin sponge particles can occlude the fis-
tula.*” TAE has a reported success rate of more than 90
percent in APE’ For APF refractory to IVR techniques,
surgical intervention may be an effective salvage therapy.
Hepatic artery ligation, APF resection, hepatectomy, and
liver transplantation have all been performed successfully
in patients with an APF refractory to IVR.*1

Biliary complications following liver trauma include bilo-
ma, biliary fistula, hemobilia, bile leak, and bile peritoni-
tis."" Biliary leak rates in the literature have been reported
to be 4 percent to 23 percent, with higher rates seen in
higher-grade injuries.” Bile leaks can present with nonspe-
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cific symptoms or as bile peritonitis with clinical symp-
toms of sepsis, systemic inflammatory response, elevation
of serum bilirubin, and worsening abdominal pain.’ Bile
leaks are typically classified as major or minor based on
their output. Minor leaks are defined as less than 400 cc/
day or greater than 50 cc/day for less than 14 days; major
leaks are defined as greater than 400 cc/day or greater than
50 cc/day for longer than 14 days. These leaks can also be
classified based on anatomic level of injury, distinguishing
involvement of either peripheral biliary radicals or a main
branch of the major hepatic ducts.

The extent of the injury (incomplete circumferential vs.
complete circumferential) is also important in determining
the appropriate management strategy.'> Multiple classifica-
tion systems have been developed to stratify extrahepatic
biliary injuries. Examples include the Bismuth and Stras-
berg classification systems that stratify injuries anatomical-
ly based on the duct involved, distance from the hilum, and
bifurcation involvement.'*!* These classification schemes
assist in determining the appropriate management.

There is a lack of consensus regarding the best approach
for evaluating posttraumatic bile leaks. Multiple imag-
ing modalities are available, including ultrasound (US),
computed topography (CT), hepatobiliary scintigraphy,
magnetic resonance cholangiopancreatography (MRCP),
endoscopic retrograde cholangiopancreatography (ERCP),
percutaneous transhepatic cholangiography (PTC), and
fluoroscopy studies using contrast injected through an
indwelling drain that was placed intraoperatively or per-
cutaneously. ERCP has the advantage of diagnosing and
managing bile duct injuries and is considered first-line for
this purpose.”

Most small, peripheral, incomplete circumferential biliary
leaks will heal spontaneously, while leaks involving larg-
er ducts may require intervention.'* Percutaneous and/or
endoscopic stenting can provide definitive treatment for
the majority of bile duct injuries.”” ERCP combined with
internal drainage either by transpapillary stent placement
and/or sphincterotomy has been successful in treating
complicated bile leaks, with success rates as high as 100
percent.'s? The theory behind this method is that stent-
ing reduces the pressure gradient between the bile duct and
the duodenum, so bile preferentially drains into the duo-
denum and allows the injured duct to heal spontaneous-
ly."”> The optimal timing of ERCD, use of stenting with or
without sphincterotomy, and duration of stent placement
are controversial, and further studies are needed to eluci-
date this.
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The management of persistent bile leaks despite ERCP
with internal drainage is not well established. PTC is use-
ful for evaluating the integrity of the bile ducts, specifically
the proximal bile ducts or an aberrant right hepatic duct.”
Biliary diversion through the placement of a PTBD can
allow proximal hepatic duct injuries to heal.” Persistent
bile leaks may require surgical intervention and could
require formal hepatic lobectomy for major intrahepat-
ic biliary injuries or Roux-en-Y hepaticojejunostomy for
complete circumferential transection of an extrahepatic
bile duct.">*!

Our case demonstrated two rare but significant complica-
tions following penetrating hepatic trauma. High output
bile leaks involving multiple or major bile ducts are typ-
ically managed with percutaneous drainage of the biloma
and ERCP with internal drainage. Our patient was unique
because he continued to have high bilious output requiring
PTC with internal/external PTBD, ultimately allowing the
injuries to heal. Arterioportal fistulae are most commonly
seen after hepatic trauma, usually found incidentally on
CT scans. Definitive diagnosis requires hepatic arteriog-
raphy, and they can be successfully managed with tran-
sarterial embolization. Our patient posed a challenging
situation as he had a very large fistula involving the prox-
imal left hepatic artery near the bifurcation. The concern
was that stent placement or embolization could potentially
occlude the majority of the hepatic arterial inflow causing
significant infarction. As the patient had not shown signs
of portal hypertension, the decision was made to follow
the patient with serial duplex US.

Conclusion

The diagnosis and management of major biliary and vas-
cular anomalies following hepatic trauma are complex. We
presented a case of penetrating hepatic trauma causing a
significant intrahepatic bile duct injury as well as an arte-
rioportal fistula requiring endoscopic and interventional
radiology techniques for successful management. This case
highlights the need for a multidisciplinary approach when
managing these complex pathologies.

Lessons Learned

Persistent large bile leaks despite endoscopic intervention
may require PTBD placement to allow an injury to heal.
Large arterioportal fistulas in difficult anatomic locations
can be observed with duplex US if no signs of portal hyper-

tension exist.
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